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An Update on Prevalence, Assessment, and Risk Factors for Sleep Disturbances in Patients with
Advanced Cancer—Implications for Health Care Providers and Clinical Research
Reprinted from: Cancers 2022, 14, 3933, doi:10.3390/cancers14163933 . . . . . . . . . . . . . . . . 151

vi



About the Editor

António Araújo
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Preface

Cancer is one of the most important diseases in the world because it is the leading cause of death

and a major cause of premature disability, retirement, or job loss.

Advanced cancer is becoming a chronic disease with longer overall survival due to

the development of new treatments, such as target therapies and immunotherapy. With this

accomplishment, the patient’s quality of life, as well as the management of drug-related adverse

events and their long-term complications, take on a new significance.

All these aspects contribute to the significance of this Special Issue, “Quality of Life and Side

Effects Management in Cancer Treatment.”

This Issue, addressed to all health professionals involved in cancer therapy and care, covers

several aspects of the impact of drug-related adverse events, cancer patient care, and the relationship

between quality of life and outcomes. We would like to thank all of the authors who published their

research in this Issue, as well as all of the patients who participated in the papers published. We work

every day to improve their chances of survival and quality of life.

António Araújo

Editor
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Impact of Immune-Related Adverse Events on Immune
Checkpoint Inhibitors Treated Cancer Patients’ Survival: Single
Center Experience and Literature Review

Raquel Romão 1,*, Ana S. Mendes 1, Ridhi Ranchor 1, Maria João Ramos 1, João Coelho 1, Rita Carrilho Pichel 1,

Sérgio Xavier Azevedo 1, Paula Fidalgo 1 and António Araújo 1,2

1 Medical Oncology Department, Centro Hospitalar Universitário do Porto, 4099-001 Porto, Portugal
2 Oncology Research Unit, UMIB-Unit for Multidisciplinary Research in Biomedicine,

ICBAS-School of Medicine and Biomedical Sciences, Universidade do Porto, 4050-346 Porto, Portugal
* Correspondence: r.raquelromao@gmail.com; Tel.: +351-22-207-7500

Simple Summary: The widespread use of immune checkpoint inhibitors (ICI) came along with a new
challenge for oncologists, immune-related adverse events (irAE). A positive correlation between irAE
onset and ICI efficacy has been suggested. However, it remains unsettled. Whether the association
exists and if it is affected by cancer type or ethnicity needs further investigation. This study provides
additional evidence to support this association by using a retrospective, single-center cohort design
to analyze survival outcomes and the development of irAEs of 155 patients. Overall, the study offers
new insights into the potential use of irAEs as biomarkers for response and survival in solid tumor
patients receiving ICIs, and highlights the need for further research in this area.

Abstract: Immune-related adverse events have emerged as a new challenge and its correlation with
survival remains unclear. The goal of our study was to investigate the effect of irAE on survival
outcomes in solid tumor patients receiving ICI treatment. This was a retrospective, single-center
study at a university hospital involving patients with malignancy who received immune checkpoint
inhibitors. Chart review was performed on each patient, noting any irAE, including new events or
worsening of previous autoimmune condition after starting treatment with ICI. A total of 155 patients
were included, 118 (76.1%) were male, with median age of 64 years. Median follow up time was
36 months. Seventy patients (45.2%) had at least one irAE. Of all irAE, nine (8.1%) were classified as
grade 3 or higher according to the CTCAE version 5.0. There was one death secondary to pneumonitis.
Median ICI cycles until first irAE onset was 4 (range: 2–99). The objective response rate was higher for
patients who developed irAE (18.7% vs. 9.0%; p = 0.001), as was median overall survival (18 months
(95% CI, 8.67–27.32) vs. 10 (95% CI, 3.48–16.52) months; p < 0.016) and progression free survival
(10 months (95% CI, 5.44–14.56) vs. 3 months (95% CI, 1.94–4.05); p = 0.000). The risk of death in
patients with irAE was 33% lower when compared to patients without such events (hazard ratio
(HR): 0.67; 95% CI, 0.46–0.99; p = 0.043). Development of irAE predicted better outcomes, including
OS in patients with advanced solid tumors treated with ICI. Further prospective studies are needed
to explore and validate this prognostic value.

Keywords: immune checkpoint inhibitors; immune-related adverse event; survival; prognosis

1. Introduction

Over the last decade, immunotherapy has transformed cancer treatment, improving
the prognosis of multiple types of malignancies. Among the different forms of immunother-
apy, immune checkpoint inhibitors (ICI) showed remarkable benefits and durable clinical
responses in certain patients [1].

Immune checkpoint inhibitors are immunomodulatory antibodies that target in-
hibitory T cell receptors, enhancing anti-tumor immune response [2]. The most distin-

Cancers 2023, 15, 888. https://doi.org/10.3390/cancers15030888 https://www.mdpi.com/journal/cancers
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guished ICI include cytotoxic T lymphocyte-associated protein 4 (CTLA-4) inhibitor (e.g.,
ipilimumab), anti-programmed cell death 1 (PD-1) (e.g., nivolumab and pembrolizumab),
and anti-programmed cell death-ligand 1 (PD-L1) agents (e.g., atezolizumab, durvalumab
and avelumab) [3]. This field is rapidly evolving, with new agents targeting other in-
hibitory T-cell, such as Lymphocyte-activation gene 3 (LAG-3), T-cell immunoglobulin,
and mucin domain-containing 3 (TIM-3), or T-cell immune receptor with immunoglobulin
and ITIM domain (TIGIT), being developed to further improve the effectiveness of cancer
immunotherapy. These new agents aim to overcome the mechanisms of T-cell exhaustion,
which can occur in cancer patients [4].

With the increasing use of these drugs in clinical practice, a new challenge has emerged,
immune-related adverse events (irAE) [5]. As this drug class works by increasing host
immune response, destabilizing immune homeostasis, and enhancing proinflammatory ac-
tivity, it can induce inflammatory drug-related side effects. However, the pathophysiology
underlying these events is not fully understood [6].

In the context of irAE, any organ or system can be affected. The most frequently
described organs are the skin, gut, endocrine glands, liver, and lungs.The type of organ
affected, seems to be related with the type and mechanism of ICI. For instance, colitis
seems most frequent with anti-CTLA-4 and pneumonitis with anti-P-D1/PD-L1 antibodies.
These toxicities are often reported as self-limited and easily manageable, though in a small
portion they can be lethal [7]. The management of irAEs is not entirely defined, but there
are some guidelines defining strategies on the basis of specific organ toxicity, to improve
patient care and prevent life-threatening events [8,9].

Although ICI has been successful in improving response rates, it has been shown that
only a small percentage of patients, approximately 20%, have benefited from treatment
with CTLA-4 or PD-1 inhibitors [10,11].

The interest in predictive response biomarkers to ICI has grown substantially. PD-L1
expression has been found to show a positive association with response to anti-PD-1/PD-L1
antibodies, but it has also been acknowledged as a flawed indicator. Other biomarkers
that have been found to predict response to ICI include the presence of high neoantigen
loads and microsatellite instability (MSI) associated with mutations in mismatch repair
(MMR) proteins. Additionally, studies have shown that intestinal microbial composition
also plays a role in the therapeutic effects of ICI. These biomarkers have proven to be of
great importance in predicting the efficacy of ICI, but more studies are needed to determine
their full reliability and applicability in the clinical setting. Although ongoing efforts are
being made to discover new biomarkers that can enhance the prediction of response to ICI,
clinical biomarkers have received less attention in research [12].

Based on the ICI mechanism of action, it has been suggested that irAE onset may
exemplify a clinical biomarker for ICI response. There was a suggestion of some association
between irAE incidence and better clinical outcomes with ICI, but so far it remains unclear.
Meanwhile, some publications have verified a positive correlation across different types of
cancer between irAE development and longer survival [13,14]. Other investigations in the
area have demonstrated unfauvorable results [15]. If the association exists, whether it will
be affected by cancer type, organ-specific irAE, or ethnicity also needs to be explored.

The objective of this study was to evaluate the incidence and potential of irAE as biomark-
ers for response and survival in solid tumor patients receiving ICI in a palliative setting.

2. Materials and Methods

2.1. Patient Population

This was a retrospective, single-center cohort study of patients aged 18 years or older,
with histologically or cytologically confirmed metastatic solid tumors who received at least
one dose of ICI (Pembrolizumab, Nivolumab, Atezolizumab and Ipilimumab) as a single
therapy, administered intravenously, at Centro Hospitalar Universitário do Porto from July
2012 to January 2020.

Patients with prior ICI therapy and patients with incomplete data were excluded.
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2.2. Data Collection

Demographic data, such as patient’s age, Eastern Cooperative Oncology Group
(ECOG) performance status, diagnosis date, date of widespread disease confirmation, his-
tology type, prior therapeutic regimens, number of doses of ICI, tumor response based on
Response Evaluation Criteria in Solid Solid Tumors version 1.1, progression date, and death
date or last follow-up visit, were all retrieved from the digital health records. Addition-
ally, irAEs were registered and graded according to Common Terminology Classification
Adverse Events (CTCAE) version 5.0, as well the date of the diagnosis and the respective
prescribed treatment.

2.3. Statistical Analysis

Standard descriptive statistics were used to summarize all variables. The Fisher
exact test was used to determine the association between categorical variables. Objective
response rate (ORR) was defined as the percentage of patients who have a confirmed
complete response (CR) or partial response (PR) to the treatment.

The overall survival (OS) was defined as the time period from the initial administration
of ICI therapy until death. The progression-free survival (PFS) was defined as the time
period from the initial administration of ICI therapy until the documentation of tumor
progression or death, whichever occurred first. At the end of the follow-up period, patients
who were still alive or had not shown progression of their tumor were considered censored
in the analysis.

Survival curves were generated by using the Kaplan–Meier product limit method,
and differences in OS where analyzed by stratifying for the ocorrence of irAE using the
log-rank test. Univariate and multivariate Cox regression were used to identify factors
with potential prognostic significance.

IBM SPSS Statistics 27.00.00 was applied for statistical analysis, and p < 0.05 was
considered significant.

3. Results

3.1. Patient and Tumor Characteristics

The study included a total of 155 Caucasian patients who received ICI therapy. The
median age of the patients was 64, and out of the total number of patients, 118 (76.1%)
were male. Only two patients in the cohort had a previous history of autoimmune diseases
(vitiligo and psoriasis). The study population was composed of patients with lung cancer
(n = 76, 49%), melanoma (n = 28, 18.1%), renal cancer (n = 18, 11.6%), head and neck cancer
(n = 17, 11%), bladder cancer (n = 11, 7.1%), and other types of cancer (n = 5, 3.2%). A
total of 146 (94.2%) patients received anti-PD-1/PD-L1 drugs and only 9 (5.8%) patients
received anti-CTLA-4. Out of the total number of patients, 80 (51.6%) were treated with
pembrolizumab, 60 (38.7%) with nivolumab, nine (5.8%) with ipilimumab, and six (3.9%)
with atezolizumab. The median duration of treatment was six months (range, 0–63 months).

At the initiation of ICI therapy, 101 (65.2%) patients had a performance status of ECOG
1, 38 (24.5%) had a performance status of ECOG 0, and 16 (10.3%) had a performance status
of ECOG 2. ICI therapy was used as first-line treatment in 50 (32.3%) patients, second-line
in 91 (58.7%), third-line in 11 (7.1%), and fifth or later line in 3 (1.9%) patients. The median
progression-free survival (PFS) was 5 months (95% CI, 3.2–6.8) and the median overall
survival (OS) was 15 months (95% CI, 11.23–18.77). A total of 43 (27.7%) patients had an
objective response and 71 (45.8%) patients had disease control (complete/partial response
or stable disease). The objective response rate by cancer type was 36% for lung cancer, 14%
for melanoma, 20% for renal cancer, 13% for head and neck cancer, 83% for bladder cancer,
and 40% for other cancers.

Patients’ characteristics at baseline in the whole cohort and specified by development
or not of irAE are summarized in Table 1.
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Table 1. Patients and tumor characteristics at baseline in the whole cohort and specified by develop-
ment or not of irAE.

Variables
Whole Cohort

n (%)
irAE
n (%)

non-irAE
n (%)

Age (years)
Median (range) 64 (21–86) 64 (36–86) 65 (21–85)

Sex
Male 118 (76.1) 52 (74.3) 66 (77.6)

Female 37 (23.9) 18 (25.7) 19 (22.4)
Tumor type

Lung, non-small cell 76 (49.0) 42(60) 34 (40.0)
Melanoma 28 (18.1) 16 (22.8) 12 (14.2)

Renal 18 (11.6) 7(10.0) 11 (12.9)
Head and neck 17 (11.0) 2 (2.9) 15 (17.6)

Bladder 11 (7.1) 3 (4.3) 8 (9.4)
Others 5 (3.2) - 5 (6.0)

ECOG PS
0 38 (24.5) 17 (24.3) 21 (24.7)
1 101 (65.2) 46 (65.7) 55 (64.7)
2 16 (10.3) 7 (10.0) 9 (10.6)

Treatment Line
First 50 (32.3) 28 (40.0) 22 (25.9)

Second 91 (58.7) 37 (52.9) 54 (63.5)
Third 11 (7.1) 5 (7.1) 6 (7.1)

Fifth or later 3 (1.9) - 3 (3.6)
Type of Immune

Checkpoint
inhibitor

Anti-PD-1/PD-L1 146 (94.2) 66 (94.3) 80 (94.1)
Anti-CTLA-4 9 (5.8) 4 (5.7) 5 (5.9)

ECOG PS-Eastern Cooperative Oncology Group Performance Status; PD-1-programmed cell death 1; PD-L1-
programmed cell death-ligand 1; CTLA-4-cytotoxic T lymphocyte-associated protein 4.

3.2. Immune-Related Adverse Events

In this study, 70 (45.2%) patients developed irAE, with 25 (16.1%) experiencing more
than one event. The median number of ICI cycles before an irAE onset was four (range,
2–99). When examining irAE by organ system, 34 (35.4%) patients had dermatological
events, 17 (17.7%) had rheumatologic events, 14 (14.7%) had endocrine events, 13 (13.5%)
had neurological or musculoskeletal events, nine (9.4%) had gastrointestinal and hepatic
and biliary events, eight (8.3%) had pulmonary events, and one (1.0%) had a renal event
(Table 2).

The majority (92.9%) of irAE were grade 1 or 2. The only treatment-related death was
caused by pneumonitis.

Most irAE were managed with supportive care, but 27 (38.6%) cases required oral
steroids and five (7.1%) required intravenous steroids. In a few cases, treatment escala-
tion with methotrexate or immunoglobulin was used for patients with severe arthritis or
necrotizing inflammatory myositis.

ICI was suspended in all patients with irAE grade 3 or more. One patient with preex-
isting psoriasis experienced a flare of the disease, but ICI treatment was not suspended.

4
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Table 2. Immune-related adverse events in the whole cohort.

Variables n (%)

Treatment-related irAEs
yes 70 (45.2)
no 85 (54.8)

Grade of irAE
<3 91 (92.9)
≥3 9 (8.1)

Frequency of irAEs
1 33(47.1)
2 26 (37.1)
3 11(15.71)

Type of irAE
Dermatologic 34 (35.4)

Pruritus 18(18.7)
Rash 14(14.7)

Vitiligo 1(1.0)
Bullous pemphigoid 1(1.0)

Neurologic/Musculoskeletal 13 (13.5)
Myalgias 12 (12.5)

Immune-mediated necrotizing myopathy 1(1.0)
Endocrin 14(14.7)

Hypothyroidism 11 (11.5)
Hypertiroidism 3 (3.2)
Rheumatologic 17 (17.7)

Artralgias 16 (16.7)
Vasculitis 1(1.0)

Pulmonary 8(8.3)
Pneumonitis 8 (8.3)

Gastrointestinal and Hepatic and biliary 9 (9.4)
Diarrhea 2 (2.1)

Colitis 2 (2.1)
Hepatitis 3 (3.2)
Colangitis 1 (1.0)
Colestases 1 (1.0)

Renal 1 (1.0)
Nephritis 1 (1.0)

Treatment of irAE
Supportive care 66 (94.3)

Oral Corticosteroid 27 (38.6)
Intravenous Corticosteroid 5 (7.1)

Other Immunosuppressor (Methotrexate) 1(1.4)

3.3. Response Rate and Survival Analysis

It was found that the ORR was higher for patients who developed irAE (18.7% vs.
9.0%; p = 0.001).

The Kaplan–Meier estimates for overall survival and progression-free survival for
patients with irAE were compared to those without irAE, as shown in Figure 1. The results
were significant when compared using the log-rank test. The median overall survival
for patients with irAE was 18 months (95% CI, 8.67–27.32) compared to 10 months (95%
CI, 3.48–16.52) for patients without irAE, with a p-value of <0.016. Similarly, the median
progression-free survival was 10 months (95% CI, 5.44–14.56) for patients with irAE and
three months (95% CI, 1.94–4.05) for patients without irAE, with a p-value of 0.000.

5
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Figure 1. Kaplan–Meier analysis of overall survival (a) and progression free survival (b) comparing
patients irAE and non-irAE.

In univariate analysis, the benefit of irAE persisted. The risk of death in patients
with irAE was 33% lower compared to patients without such events (HR: 0.67; 95% CI,

6
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0.46–0.99; p = 0.043). A Cox proportional hazards analysis was conducted to identify factors
associated with increased mortality, as shown in Table 3.

Table 3. Univariate and Multivariate cox proportional hazards regression analysis of the risk of death.

Predictable
Variables

HR Crude (CI
95%)

p Value
HR Adjusted

(CI 95%)
p Value

irAE
Yes vs. No 0.67 (0.46–0.99) 0.043 0.65 (0.44–0.96) 0.03

Sex
Male vs. female 0.73 (0.48–1.12) 0.152

ECOG PS
1 vs. 0 1.84 (1.12–3.03) 0.017 1.81 (1.10–2.88) 0.020

2 vs. 0 3.50 (1.72–7.11) 0.001 3.73 (1.83–7.62) 0.000
Age

<65 vs. ≥65 0.95 (0.65–1.30) 0.771

Treatment Line
1 vs. ≥2 1.29 (0.85–1.98) 0.230

Type of tumor
NSCLC vs. other 0.75 (0.52–1.11) 0.151

Grade of toxicity
<3 vs. ≥3 0.46 (0.19–1.14) 0.094

ECOG PS-Eastern Cooperative Oncology Group Performance Status; NSCLC-Non-Small Cell Lung Cancer.

In multivariate analysis, irAE experience and ECOG were included as they were
related to the outcome with statistical significance (p < 0.05) in univariate analysis. When
adjusted for ECOG, irAE experience persisted as an independent prognostic factor associ-
ated with better overall survival (HR: 0.65; 95% CI, 0.44 to 0.96; p = 0.03).

4. Discussion

Despite the remarkable advantages of ICI witnessed over the last years, significant
morbidity due to irAE can be a limiting factor for its widespread use and patients’ quality
of life. Immune toxicity is unpredictable, diverse, and on several occasions disabling or
life-threatening [16]. Overall, in this study, the treatment with ICI was well tolerated. In
our sample, 45.2% of patients had an irAE of any grade, with fatal events in less than 1%,
which is consistent with the published data [17–21]. The only fatal event was secondary
to pneumonitis, which is in concordance with the results presented in a recent network
meta-analysis where pneumonitis was also the most common cause of irAE grade 5 [22].

The most frequent adverse events by organ systems are in line with other real-world
evidence. Yet, the frequency of neurological events could be considered higher than
what was reported before [23,24]. This can be justified by heterogeneity and lack of
standardization in irAE documentation/registration. While there is a consensus between
the type of irAE and ICI class, as colitis and hypophysitis are more common with anti-
CTLA4 and pneumonitis and thyroiditis with anti-PD-(L)1 therapy, this analysis was not
performed in our study due to the low percentage of patients treated with anti-CTLA4 [25].

It is uncertain whether ICI toxicities are distinct from standard autoimmune diseases
or if the manifestation of irAE is associated with treatment efficacy. However, the potential
association between tumor response to ICI and increased risk of developing irAE has been
hypothesized since it is believed that irAEs could represent to some level the intensification
of the immune response, including anti-tumor immune activity. While an early analysis
of patients with melanoma treated with ipilimumab did not show a relationship between
PFS and irAE, the following studies have associated a higher response rate with irAE
incidence [26,27]. Data regarding outcomes within a single disease entity and irAE are
more limited but have been shown in melanoma, NSCLC, and more recently in urothelial
and hepatocellular carcinomas [28–31].

In our study, we observed a strong correlation between the development of irAE and
patients’ response rates as well as PFS and OS. These results add to the robust growing
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evidence suggesting better oncological outcomes in patients who develop irAE. Although
most patients included had a diagnosis of NSCLC, there was no correlation between tumor
type and the outcomes.

Therefore, a positive relation between irAE incidence and better clinical outcomes
in cancer patients is almost certain, although not completely validated. There are some
questions to be further explored, such as the role of ethnicity. Ethnical discrepancies in
the overall survival of cancer patients have been commonly observed [32]. Furthermore,
it is known that genetic polymorphisms of PD-1 and CTLA-4 are associated with various
autoimmune diseases, such as thyroiditis, diabetes mellitus, and rheumatoid arthritis [33].
As comprehensive registration trials might fail to identify racial side effect profile disparities,
real-world data could help to overcome this issue. To the best of our knowledge, this is the
first study in Portuguese patients and, as enlightened above, the ICI toxicity profile is in line
with other populations. However, since it is believed that the Portuguese population has an
important incidence of autoimmune diseases, a superior frequency and/or higher grade of
irAE could be expected, as reported in a Finnish study [34,35]. Hence, the pathophysiology
and genetic background underlying irAE need additional investigation. Recent studies
have identified certain genetic variants that may be associated with increased risk for irAEs,
as well as variants that may predict a better response to immunotherapy. However, more
research is needed to fully understand the role of germline factors in immunotherapy
treatment and to develop personalized treatment strategies for patients [36].

This study had some limitations. First, it was retrospective, leading to information
bias. Secondly, population heterogeneity was wide. Thus, the weighted average outcomes
should be interpreted accordingly. Third, data were analyzed using a log-rank test and
a standard Cox model, which introduces a bias owing to the different follow-up times
and treatment exposures between patients who did and did not develop irAE. As such, a
time-dependent analysis could be an alternative to minimize that bias in future analysis.
Fourth, our study is skewed towards patients treated for advanced or metastatic NSCLC
and melanoma, which could be explained by the earlier approval of ICI use in these settings.
Lastly, a vast majority of the patients were treated predominantly with anti-PD1 drugs,
with very few patients receiving anti-PD-L1 or anti-CTLA-4 agents. Thus, it would be
difficult to generalize our findings to patients that have received ICI other than anti-PD-1.

5. Conclusions

The development of irAE predicted better outcomes including OS in Portuguese pa-
tients with advanced solid tumors treated with ICI. Further prospective studies are needed
to explore and validate this prognostic value. The long-term impact of immune checkpoint
blockade on quality of life, the detrimental effect of steroid administration on anticancer
efficacy, and the biological underlying mechanisms of irAE also need more investigation.
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Simple Summary: Treatment-related symptoms such as fatigue, depression, and disruptions in sleep
and physical activity are common and distressing in gynecologic cancer patients. The aim of our study
was to examine whether higher levels of inflammation are associated with worse symptomatology, and
if these associations are stronger for patients with gynecologic cancer (n = 121) than age-matched women
without a cancer history (i.e., controls; n = 105). Elevated levels of C-reactive protein were associated
with depression and disrupted physical activity, but there were no other significant associations between
inflammation and treatment-related symptoms. Findings suggest that inflammation may not play a
significant role in the development of fatigue or sleep disturbance among gynecologic cancer patients
but may contribute to depression and physical inactivity.

Abstract: Previous research suggests that inflammation triggers cancer-treatment-related symptoms
(i.e., fatigue, depression, and disruptions in sleep and physical activity), but evidence is mixed.
This study examined relationships between inflammatory biomarkers and symptoms in patients
with gynecologic cancer compared to age-matched women with no cancer history (i.e., controls).
Patients (n = 121) completed assessments before chemotherapy cycles 1, 3, and 6, and 6 and 12 months
later. Controls (n = 105) completed assessments at similar timepoints. Changes in inflammation and
symptomatology were evaluated using random-effects mixed models, and cross-sectional differences
between patients and controls in inflammatory biomarkers and symptoms were evaluated using least
squares means. Associations among inflammatory biomarkers and symptoms were evaluated using
random-effects fluctuation mixed models. The results indicated that compared to controls, patients
typically have higher inflammatory biomarkers (i.e., TNF-alpha, TNFR1, TNFR2, CRP, IL-1ra) and
worse fatigue, depression, and sleep (ps < 0.05). Patients reported lower levels of baseline physical
activity (p = 0.02) that became more similar to controls over time. Significant associations were
observed between CRP, depression, and physical activity (ps < 0.05), but not between inflammation
and other symptoms. The results suggest that inflammation may not play a significant role in
fatigue or sleep disturbance among gynecologic cancer patients but may contribute to depression
and physical inactivity.
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1. Introduction

Fatigue, depression, and disruptions in sleep and physical activity, known collectively
as treatment-related symptoms, tend to be common and distressing in gynecologic cancer
patients [1–5], due in part to the arduous platinum- and taxane-based chemotherapy
regimens prescribed as first- and second-line treatments [6]. Previous research has shown
that symptoms occur in a cascade pattern during chemotherapy to treat gynecologic
cancer, with disrupted sleep contributing to next-day increases in fatigue, and fatigue
contributing to next-day increases in depression [7,8]. Interventions that target treatment-
related symptoms early in the cascade may mitigate later symptoms, but the underlying
biology that drives this cascade is yet to be elucidated.

There is strong evidence for a causal role of inflammation in symptomatology outside
the context of cancer. Therapeutic and experimental administration of pro-inflammatory
cytokines induces fatigue, depression, and altered sleep and activity patterns in both
humans and animals [9–21]. In addition, inflammatory biomarkers are known to activate
inflammatory processes in the brain, which in turn regulate neurotransmitters involved in
mood and behavior, such as serotonin, norepinephrine, and dopamine [22–26]. However,
the existing literature examining the relationship between inflammatory biomarkers and
symptomatology in cancer patients is mixed and interpretation is limited by methodological
challenges [27].

Previous studies of the relationships between inflammatory biomarkers and symp-
tomatology in cancer have typically been characterized by cross-sectional study designs; a
lack of non-cancer comparison groups to facilitate the interpretation of results; and patients
that are heterogeneous in terms of cancer type, treatment received, and time since treatment
completion. The majority of work has examined cancer survivors several months or years
after the completion of treatment [27], with few studies examining inflammatory biomark-
ers and symptomatology both during and shortly after treatment [28–30]. Cross-sectional
studies have found that post-treatment breast cancer survivors who report high levels of
fatigue and depression also demonstrate higher levels of interleukin 1 receptor antagonist
(sIL-1ra), interleukin 6 (IL-6), soluble IL-6 receptor (sIL-6r), soluble tumor necrosis factor
receptor type II (sTNFR-II), and C-reactive protein (CRP) compared to those with low
levels of symptomatology [31–33], although other studies of multiple cancer types have
found no association [34–36]. In some studies of breast cancer survivors, cross-sectional
associations have been found between inflammation and fatigue, but not depression or
sleep problems [37]. Research examining these relationships over time has found that
treatment-related increases in IL-6, sTNF-R1, and CRP are associated with worsening fa-
tigue in patients with multiple cancer types [28,30,38]. Further, studies of breast cancer
patients in the first 18 months after completing treatment suggest that psychological risk
factors such as perceived stress may moderate the relationship between inflammation
(i.e., CRP in one study, and the combination of CRP, IL-6, and sTNF-RII in another study)
and depression [39,40]. Collectively, these findings raise the question of whether changes
in inflammation levels affect symptomatology.

According to the 3P Factors model [41], inflammation may be a predisposing factor
that increases the likelihood of worse symptomatology, a precipitating factor that hastens
the onset of symptomatology, and/or a perpetuating factor that worsens or prolongs symp-
toms. For example, research on inflammatory biomarkers in cancer patients suggests that
inflammation is altered prior to starting adjuvant chemotherapy, by the cancer itself and/or
surgery. Advanced ovarian cancer is associated with greater circulating pro-inflammatory
cytokines before surgery than early-stage disease [42]. Surgery is also known to trigger
inflammatory processes [43]. In addition, high levels of symptom severity have been ob-
served prior to the start of chemotherapy [44,45]. Research on breast cancer patients before
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treatment with radiotherapy or chemotherapy has also shown that fatigue is associated
with higher circulating levels of pro-inflammatory cytokines [46].

Some studies suggest that inflammatory biomarkers are triggered by chemotherapy.
In preclinical studies, platinum- and taxane-based chemotherapy elicit expression of inter-
leukin 1 beta (IL-1β), IL-6, interleukin-8 (IL-8), interleukin-12 (IL-12), and tumor necrosis fac-
tor alpha (TNF-α) in primary human monocytes, macrophages, plasma, and various breast
and ovarian cancer cell lines [47–52]. Interestingly however, there are few data regarding
the effects of chemotherapy on circulating pro-inflammatory cytokines in humans [53–56].
There are even fewer data examining the relationship between pro-inflammatory cytokines
and symptoms during chemotherapy; thus, it is unclear if inflammation precipitates symp-
toms. In patients with breast cancer, IL-8 was associated with flulike symptoms measured
over three occasions during the first chemotherapy cycle [51], and soluble intercellular
adhesion molecule 1 (sICAM-1) was associated with sleepiness before the first and fourth
chemotherapy infusions [57]. In patients receiving chemoradiation for non-small cell lung
cancer (NSCLC), advanced colorectal cancer, or advanced esophageal cancer, increases in
sTNF-R1 and serum IL-6 have been associated with increases in fatigue and sleep distur-
bance [30,58]. However, other research in lung cancer patients undergoing chemotherapy
found no association between IL-6, IL-8, or CRP with symptoms, including fatigue, sleep
disturbance, and depression [59].

There is additional research in cancer patients suggesting that inflammatory biomark-
ers are triggered after chemotherapy is complete (i.e., late effects of treatment); data indicate
that symptoms are worse in post-treatment cancer patients than individuals without can-
cer [60–62]. While it was previously assumed that these differences reflected persistent,
acute effects of treatment, research by our group and others indicates that chemotherapy
may be associated with late-onset symptoms not present at the end of treatment [63–66].
Thus, it may be that inflammation perpetuates symptoms during or after treatment. These
observations are intriguing and merit additional investigation.

The goal of this study was to examine longitudinal relationships among changes in cir-
culating pro- and anti-inflammatory biomarkers (i.e., IL-10, IL-1b, TNF-alpha, IL-6, IL-1ra,
TNFR1, TNFR2, and CRP) and patient-reported symptoms in women with gynecologic
cancer throughout the chemotherapy treatment trajectory. Specifically, our aim was to ex-
amine whether higher levels of inflammation were associated with worse symptomatology,
and if these associations were stronger for patients than age-matched women without a
cancer history (i.e., controls). Because inflammatory biomarkers can fluctuate very rapidly
and individual measurements of inflammatory biomarkers may not reflect systemic or
stable levels of inflammation, our analytic focus was on examining inflammation relative
to participants’ personal average levels of inflammation, and relative to other participants’
average levels of inflammation. It was hypothesized that (1) patients would demonstrate
higher levels of inflammation and worse symptomatology than controls throughout the
treatment trajectory, (2) participants with higher levels of inflammation would report worse
symptomatology than those with lower levels of inflammation (i.e., between-person effects),
and (3) at times when participants had higher levels of inflammation than their own aver-
age, they would also report worse symptomatology than usual for them (i.e., within-person
effects). We also explored whether there were differences in relationships among circulating
inflammatory biomarkers and patient-reported symptomatology in patients vs. controls.
We previously reported on symptoms among patients during active treatment [67]. For this
paper, we expand on those findings to report on symptoms over one year post-treatment.

2. Materials and Methods

2.1. Participants

Study participants were recruited as part of a larger study examining the side effects of
chemotherapy in patients with gynecologic cancer. As described previously [67], 6935 pa-
tients were screened for participation, 264 were approached, and 150/264 (57%) provided
consent. Control participants were recruited from women identified through a national
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marketing company. A total of 355 controls were screened for participation, 346 were
approached, and 150/346 (43%) provided consent. A sample size of 150 per group was
chosen in order to have 80% power to detect between-group differences in slopes of at least
20% [68], assuming an alpha of 0.05 (two-tailed), intra-class correlation (ICC) of 0.50, and
eight measurement occasions (in the larger study, data were collected before and after the
first, third, and sixth infusion, and 6 and 12 months after completing chemotherapy). Eligi-
ble participants for both patient and control groups were (a) 18–89 years of age, (b) without
psychiatric or neurological disorders that could interfere with study participation (e.g., de-
mentia, psychosis), (c) without reported or documented diagnosis of an immune-related
disease (e.g., HIV, systemic lupus erythematosus, rheumatoid arthritis), (d) not pregnant,
(e) able to speak and read English, and (f) able to provide informed consent. Additional
eligibility criteria for patients were (g) diagnosed with gynecologic cancer (i.e., ovarian,
endometrial, peritoneal, fallopian, cervical, uterine, or vaginal), and (h) scheduled to re-
ceive intravenous or intraperitoneal chemotherapy at Moffitt Cancer Center (Tampa, FL,
USA). Additional eligibility criteria for non-cancer controls were (i) not diagnosed with any
form of cancer (except non-melanoma skin cancer), (j) age within five years of the patient
participant to whom they were being matched, and (k) having a mailing address, working
telephone number, and internet access. Participants were recruited between August 2013
and October 2018. This study was approved by the University of South Florida Institutional
Review Board (Pro00005797).

Potential patient participants were identified by the research team in collaboration
with their treating physician and were contacted via phone or in person to determine
initial eligibility and interest in the study. Eligible and interested patients provided written
informed consent to participate. Patient participants completed assessments before their
first, third (i.e., approximately middle), and sixth (i.e., approximately last) chemotherapy
infusions, and 6 and 12 months after their sixth chemotherapy infusion. Control participants
provided written informed consent and completed assessments at equivalent time points.

2.2. Measures
2.2.1. Demographic and Clinical Data

Patients completed a baseline questionnaire that assessed sociodemographic char-
acteristics prior to starting chemotherapy and controls completed at time of enrollment,
including date of birth, race, ethnicity, marital status, education level, household income,
and menopausal status. Medical comorbidities were ascertained via a self-report ver-
sion [69] of the Charlson Comorbidity Index [70]. Clinical characteristics for gynecologic
cancer patients were obtained by a medical record review at baseline and included cancer
type, stage, and previous chemotherapy.

2.2.2. Circulating Inflammatory Biomarkers

Participants provided blood samples at baseline (i.e., before starting chemotherapy
for patients), before chemo cycles 3 and 6, and again at 6 and 12 months after completing
chemotherapy. Each serum or plasma blood sample was evaluated for the presence of
inflammatory biomarkers, including IL-10, IL-1beta, TNF-alpha, TNFR1, TNFR2, CRP, IL-6,
and IL-1ra. These inflammatory biomarkers were selected because they have shown signif-
icant associations with symptomatology in previous research and are readily detectable
using existing laboratory methodology [31–33,71–73]. Blood samples were typically drawn
at the same time of day (i.e., 8:00 a.m.–12:00 p.m.). Participants were asked to refrain
from exercise, alcohol consumption, caffeine use, and non-prescription medications for
the 24 h prior to blood draws [74,75]. Blood samples were sent to the Cancer Control and
Psychoneuroimmunology Lab at the University of Rochester for analysis. All samples
were assayed in one run using a multiplexed cytokine bead assay (i.e., IL-10, IL-1beta,
TNF-alpha [HSTCMAG-28SK-04], TNFR1, TNFR2 [HSCRMAG-32K-02], IL-6, and IL-1ra
[HCYTOMAG-60K-01]) or enzyme-linked immunosorbent assays (i.e., CRP; R&D Systems
Human Quantikine ELISA; Minneapolis, MN, DCRP00) per the manufacturer’s instruc-
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tions. All kits were from the same lot. For Luminex, the median concentration was taken
from 50 beads per well. For ELISA, the average was taken from duplicates. All data and
internal controls were inspected for a CV < 20%, with all kits run with a standard curve
with an r2 > 0.98. All sample collections from the same participant were run on the same
plate. The lower limits of detection of the assays, with sample dilution taken into account,
were IL-10 = 0.30; IL-1β = 0.14; IL-6 = 0.04; TNFα = 0.08; IL-1Rα = 7.41; TNFR-1 = 10.60;
TNFR-2 = 10.18; CRP = 5.0 pg/mL.

2.2.3. Treatment-Related Symptoms

Fatigue was measured using the Fatigue Symptom Inventory [76]. The average of
4 items assessing the highest, lowest, average, and current levels of fatigue over the previous
week was used in analyses. Scores ranged from 0 to 10 with higher scores indicating greater
fatigue. A score of 3 and above indicated clinically meaningful fatigue [77].

Depression was assessed using the 7-item depression subscale of the Hospital Anxiety
and Depression Scale designed to detect depressive symptoms in medically ill patients,
including people with cancer [78,79]. Participants rated each item on a 4-point scale from
0 (absence) to 3 (extreme presence). All items were summed with possible scores ranging
from 0 to 21. Scores of 8 or higher indicated clinically meaningful depressive symptoms [80].

Sleep was evaluated using the 19-item Pittsburgh Sleep Quality Index (PSQI) that
assesses types and frequency of sleep disturbance experienced over the last month. All
items were summed to derive an overall sleep quality score ranging from 0 to 21. Scores of
5 or higher indicated clinically meaningful sleep difficulties [81].

Physical activity was measured using the International Physical Activity Questionnaire-
Short Form (IPAQ). The IPAQ assesses the frequency (days per week) and duration (minutes
per day) of physical activity in the last 7 days [82]. Values were weighted by energy require-
ments for activities of varying intensities, which were defined by metabolic equivalents
(METs) as follows: walking = 3.3 METs/min, moderate physical activity = 4.0 METs/min,
and vigorous physical activity = 8.0 METs/min [83]. Total physical activity was calculated
as the sum of METs per week. Patients were considered to be meeting the American Cancer
Society guidelines [84] if they reported 600 or more MET minutes per week [85].

2.3. Data Analyses

Inflammatory biomarkers with estimates below the limit of detection were assigned a
value of the limit of detection divided by the square root of 2. Indeterminate inflammatory
biomarker concentrations were set to missing. Inflammatory biomarker values that were
three standard deviations or more from the sample mean for each group were treated as
outliers and set to missing. Raw inflammatory biomarkers with non-normal distributions
(i.e., IL-6, IL-1ra) were natural-log-transformed to normalize their distributions, and the
natural log values were used in analyses. To facilitate interpretation, both non-transformed
data and transformed data are presented in selected tables. All cytokines that were not
natural-log-transformed (i.e., IL-10, IL-1b, TNF-alpha, TNFR1, TNFR2, CRP) were mean-
centered to facilitate interpretation.

Participants who provided a blood sample and questionnaire data at one or more
timepoints were included in analyses. Means, standard deviations, frequencies, and
percentages were used to describe sociodemographic and clinical characteristics of the
sample. Differences in sociodemographic and clinical characteristics by group (i.e., patients
vs. controls) were examined using independent sample t-tests, chi-square tests, and Fisher’s
tests. Variables significant at p < 0.10 were included as covariates in longitudinal analyses.
Inflammatory biomarkers and symptoms were described at each time point using means
and standard deviations. Changes in inflammatory biomarkers and symptoms over time
(for patients only and separately for controls only), and group differences (patients vs.
controls) in these changes were evaluated using linear and quadratic random-effects mixed
models and time coded as the number of months since baseline enrollment. When quadratic
models were not significant, linear models were used instead. Cross-sectional group
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differences in inflammatory biomarkers and symptoms at each time point were examined
using between-subject comparisons of least squares means from the quadratic random-
effects mixed models, as these account for quadratic changes over time. Proportions of
patients and controls with clinically meaningful fatigue, depression, problems with sleep,
and physical inactivity were assessed at each timepoint.

Associations among inflammatory biomarkers and symptoms aggregated over the five
assessments were evaluated using random-effects fluctuation mixed models [86]. Because
of the time-varying nature of the inflammatory biomarkers, each model included both
between-person predictors and within-person predictors. Between-person predictors tested
whether participants’ average levels of each inflammatory biomarker differed from other
participants’ average levels, and whether these differences were associated with symptoms.
Within-person predictors tested whether participants’ average levels of each inflammatory
biomarker differed from their own average level, and whether these differences were
associated with symptoms. Interactions between fluctuations in inflammatory biomarkers
and the group with symptoms were included in the fluctuation models to evaluate whether
these associations between inflammation and symptoms were stronger for patients than
controls. Significant interactions were further evaluated within each group using separate
random-effects fluctuation models with the group effect and covariates removed. All
statistical analyses were conducted using SAS version 9.4 (Cary, NC, USA).

3. Results

The sociodemographic and clinical characteristics of patients (n = 121) and controls
(n = 105) are presented in Table 1. On average, patients were 60 years of age, married
(70%), White (93%), and without a college education (63%). Most patients were diagnosed
with stage 3 or 4 cancer (70%) of the ovaries or endometrium (75%). Controls were, on
average, 58 years of age, White (89%), and college-educated (72%). Patients were less likely
than controls to be college graduates (p < 0.01). Patients also reported more comorbidities
(p = 0.04), on average, and were more likely to be post-menopausal than controls (p = 0.01).
Age, education, comorbidities, and menopausal status were included as covariates in all
multivariable analyses. Body mass index was not included, as it was not collected for
controls. As expected, in this population where controls were age-matched to patients,
there was not a statistically significant group difference in age. Nonetheless, age was
included as a covariate because it is often associated with inflammation [87,88].

Table 1. Participant characteristics of patients with a diagnosis of gynecologic cancer and non-cancer
controls.

Variable Patients (n = 121) Controls (n = 105) p-Values

Age: M (SD) 60.4 (10.7) 58.0 (12.8) 0.12
Race: n (%) White 112 (93) 93 (89) 0.11

Education: n (%) college graduate 45 (37) 76 (72) <0.0001
Income: n (%) USD 40 k or more 66 (69) 74 (80) 0.08

Comorbidities: mean (SD) [range] 2.4 (0.8) [2–7] 2.2 (0.5) [2–5] 0.04
Menopausal status: n (%) 0.01

Pre-menopausal 15 (13) 27 (26)
Post-menopausal 104 (87) 78 (74)

Cancer type: n (%) - -
Cervical 4 (3)

Endometrial 27 (22)
Fallopian 5 (4)
Ovarian 64 (53)

Peritoneal 7 (6)
Uterine 10 (8)
Vulvar 1 (1)
Other 2 (2)

Stage: n (%) - -
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Table 1. Cont.

Variable Patients (n = 121) Controls (n = 105) p-Values

1 22 (19)
2 13 (11)
3 61 (54)
4 18 (16)

Prior lines of chemotherapy: n (%) 3 or more 14 (12) - -

3.1. Group Differences in Inflammatory Biomarkers

Approximately 5% of inflammatory biomarker levels were below the lower limit of
detection and divided by the square root of 2. Within each group, inflammatory biomarker
levels that were more than three standard deviations from the group mean were set to
missing (approximately 1% of all values, from 20 patients and 18 controls). Raw and log-
transformed (IL-6 and IL-1ra only, per visual inspection of variable distributions) means
for inflammatory biomarkers are displayed in Table 2. Adjusted means of circulating
inflammatory biomarkers from the quadratic random-effects mixed models stratified by
group are displayed in Figure 1A–H. Adjusted parameter estimates from the random-
effects mixed models examining changes in inflammation over time are presented in
Supplementary Table S1. Between-subject comparisons of adjusted means (i.e., least squares
means) from the quadratic random-effects mixed models at each timepoint demonstrated
that IL-1b was significantly lower in patients than controls at baseline only (p = 0.02). TNF-
alpha and TNFR2 were significantly higher in patients than controls during active treatment
(baseline, pre-chemo 3, and pre-chemo 6) and at the 6 month follow-up (ps < 0.04). TNFR1
and IL-1ra were significantly higher in patients than controls during active treatment
(baseline, pre-chemo 3, and pre-chemo 6) (ps < 0.02). CRP was significantly higher in
patients than controls at all timepoints (ps < 0.02). IL-6 was significantly higher in patients
than controls at pre-chemo 3 only (p = 0.05).

  
(A) (B) 

  
(C) (D) 

* ** *

Figure 1. Cont.
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(E) (F) 

* ** ** * ****

  
(G) (H) 

*

Figure 1. Least square mean levels over time for patients with gynecologic cancer and non-cancer
controls for (A) IL-10, (B) IL-1B, (C) TNF-alpha, (D) TNFR1, (E) TNFR2, (F) CRP, (G) log-transformed
IL-6, and (H) log-transformed IL-1ra. Asterisks indicate significant group differences in least squares
means (p < 0.05).

Adjusted parameter estimates from the random-effects mixed models are presented in
Supplementary Table S2. The results of the quadratic mixed models revealed a significant
interaction between group and the quadratic effect of time for CRP (p < 0.001) such that, on
average, levels of circulating CRP decreased from baseline to 6 months after completing
chemotherapy and increased thereafter (p < 0.01) in patients, whereas controls’ levels of CRP
remained unchanged over time (p = 0.29). The results of the linear mixed models revealed
no significant changes in inflammation over time (ps > 0.05). There was a significant
interaction between group and time for TNFR1 (p = 0.03), but the effect of time was not
significant for patients or controls when each group was examined separately (ps > 0.05).
There were also significant interactions between group and time for TNFR2 (p < 0.01) and
IL-1ra (p = 0.03) such that levels of circulating TNFR2 and IL-1ra increased over time for
controls (ps = 0.03) but not patients (ps > 0.05).

3.2. Group Differences in Treatment-Related Symptoms and Associations with Inflammation

The unadjusted mean levels of treatment-related symptoms (i.e., fatigue, depression,
sleep, physical activity) over time are displayed in Table 2. The adjusted means of symp-
toms from the quadratic random-effects mixed models stratified by group are displayed in
Figure 2A–D. The adjusted parameter estimates from the random-effects mixed models
examining change in symptoms over time are presented in Supplementary Table S2. The
results of the random-effects fluctuation models examining associations between inflamma-
tion and symptoms are presented in Supplementary Table S3.
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Figure 2. Least square mean levels over time for patients with gynecologic cancer and non-cancer
controls for (A) fatigue severity (from the Fatigue Symptom Inventory), (B) depression (from the
Hospital Anxiety and Depression Scale), (C) overall sleep quality (from the Pittsburgh Sleep Quality
Index total score), and (D) total METS (from the International Physical Activity-Short Form). Asterisks
indicate significant group differences in least squares means (p < 0.05).

3.2.1. Fatigue

Between-subject comparisons of adjusted means at each timepoint revealed that pa-
tients reported significantly more fatigue than controls during active treatment (baseline,
pre-chemo 3, and pre-chemo 6) (ps < 0.03). At baseline, 60% of patients reported clinically
meaningful fatigue (i.e., Fatigue Severity Inventory scores of 3+), which increased to 72% by
pre-chemo 6, compared to 39% and 36% of controls at the same timepoints. By 12 months
after completing chemotherapy, 55% of patients and 45% of controls reported clinically
meaningful fatigue. There was no significant change in fatigue over time, nor were there
differences between groups in change in fatigue over time (ps > 0.05). There were no signif-
icant effects of circulating levels of inflammation or interactions between inflammation and
group on fatigue (ps > 0.05).

3.2.2. Depression

Patients reported significantly more depression than controls at all timepoints (ps < 0.01).
At baseline, 23% of patients reported clinically meaningful depression (i.e., HADS de-
pression scores of 8+), which increased slightly to 26% by pre-chemo 6 and decreased to
18% by 12 months after completing chemotherapy. In contrast, between 2% and 6% of
controls reported clinically meaningful depression at any timepoint. Over time, there was
no change in depression (p > 0.05), but there was a significant interaction between group
and time (p = 0.05) such that depressive symptoms significantly improved over time in
patients (p = 0.03) but remained unchanged for controls (p = 0.90). There were significant
interactions of between-person variance in circulating TNF-alpha (p = 0.05) and IL-1ra
(p = 0.04) with group on depression, but these effects were not significant for patients or
controls when each group was examined separately (ps > 0.05). However, across groups,
participants with higher circulating CRP levels had significantly greater depressive symptoma-
tology (p = 0.01) than participants with lower CRP levels (i.e., main effect of between-person
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variance in circulating CRP). There were no other significant effects of circulating levels of
inflammation or interactions between inflammation and group on depression.

3.2.3. Sleep

Patients reported significantly worse overall sleep quality than controls at all time-
points (ps < 0.01). In total, 80% of patients reported clinically meaningful problems with
sleep at baseline (i.e., PSQI total scores of 5+), which remained stable by pre-chemo 6 (78%)
and decreased to 61% by 12 months after chemotherapy. In contrast, 50% of controls
reported clinically meaningful problems with sleep at baseline, which remained stable by
pre-chemo 6 (47%) and declined slightly to 41% at 12 months after chemotherapy. There
was no significant change in sleep over time, nor were there differences between groups in
change in sleep over time (ps > 0.05). There were no significant effects of circulating levels
of inflammation or interactions between inflammation and group on sleep (ps > 0.05).

3.2.4. Physical Activity

Patients reported significantly less physical activity than controls prior to chemother-
apy only (p = 0.02). At baseline, 33% of patients did not meet the American Cancer Society
guidelines for weekly METs expenditure (i.e., 600+ METs), compared to 11% of controls.
By pre-chemo 6, 39% of patients reported under 600 METs per week, compared to 22%
of controls, and 12 months after completing chemotherapy 21% of patients and controls
reported under 600 METs per week. Over time, there was a main effect of group (p < 0.01)
that was qualified by a significant interaction between group and time (p = 0.04) such that
patients reported a linear increase in physical activity over time (p < 0.01), but controls’
physical activity decreased from baseline through the 6-month follow-up but increased
thereafter (p < 0.01). There was a significant interaction of within-person fluctuations in
circulating levels of TNFR1 with group on physical activity (p = 0.03), but this effect was not
significant for patients or controls when each group was examined separately (ps > 0.05).
Similarly, there was a significant interaction of between-person variance in circulating
levels of IL-1ra by group on physical activity (p = 0.04), but this effect was not significant
for patients or controls when each group was examined separately (ps > 0.05). However,
at times when participant levels of circulating CRP were higher than their normal, they
reported significantly less physical activity (p = 0.03) (i.e., main effect of within-person
variance in circulating CRP).

4. Discussion

This study is among the first to examine relationships between circulating inflamma-
tory biomarkers and treatment-related symptoms before, during, and after chemotherapy
for gynecologic cancer. As hypothesized, inflammatory biomarkers were generally higher
and fatigue, depression, and sleep disturbance were typically worse in patients with gy-
necologic cancer than controls. Physical activity was lower in patients before treatment
and became more similar to controls over time. However, only CRP was associated with
greater depression and less physical activity among both patients and controls. There were
no associations with other inflammatory markers and fatigue or sleep disturbance.

Consistent with the previous literature [42,44,45], our results demonstrated that several
inflammatory biomarkers (i.e., IL-1B, TNF-alpha, TNFR1, TNFR2, CRP, and IL-1ra) were
elevated in patients prior to chemotherapy as compared to controls. The majority of these
remained elevated in patients compared to controls before the third and sixth infusion of
chemotherapy, and at 6 months and 12 months after completing chemotherapy, consistent
with other studies of cancer patients [47–52]. For most of these cytokines (i.e., IL-10,
IL-1b, TNFR2, or IL-6), there were no significant associations between symptoms and
inflammation. In particular, between-person differences in inflammatory biomarkers were
not associated with fatigue. While this finding is concordant with research on IL-6 and
CRP in lung cancer patients undergoing chemotherapy [59] and in prostate cancer patients
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treated with androgen deprivation therapy [28], it is in contrast to research examining
cytokines and fatigue in other cancer patient populations [30,58].

For patients only, there were quadratic changes in CRP levels over time such that
CRP levels declined for patients only during chemotherapy, and subsequently increased by
12 months after treatment. Levels of CRP remained unchanged for controls assessed at sim-
ilar timepoints. The results also indicated that both patients and controls with higher levels
of circulating CRP than other participants, on average, reported worse depression. This is
consistent with previous research identifying a significant association between CRP levels
and depression severity in patients with other types of cancer [89–92]. In addition, women
in our sample with higher levels of circulating CRP than their personal average reported
less physical activity. This finding is consistent with prior research identifying higher CRP
levels among post-treatment women with breast cancer who were less physically active
than their personal average [93] and who exhibited poor physical fitness post treatment [94].
However, the associations between CRP and depression and physical activity were similar
for patients and controls. Considering patients consistently reported worse symptoma-
tology than controls, and patients demonstrated fluctuations in CRP over time that were
not found in controls, one possible explanation for the lack of a group-based difference in
the association between CRP and depression is that there are multiple triggering factors
of symptoms, such as oxidative stress, genetic risk factors, metabolic dysregulation, or
host and microbiome genomic risk factors [41,95]. For patients, symptoms may also be
perpetuated by other symptoms, irrespective of systemic inflammation [41].

This study had several strengths, including a longitudinal study design, the inclusion
of on-treatment and post-treatment pro-inflammatory cytokine and symptom data, and
a non-cancer comparison group. However, study limitations should also be noted. The
sample was relatively homogeneous in terms of race and ethnicity, which could limit the
generalizability of these findings. We did not collect height and weight data from controls;
thus, we could not include body mass index as a covariate in longitudinal analyses. We
also had limited statistical power to identify moderate associations between fluctuations
in inflammatory biomarkers and symptoms throughout the treatment period. Of note,
some patients may have been taking anti-inflammatory drugs (e.g., NSAIDS); thus, we may
have underestimated inflammation levels. Additional research is needed to replicate these
findings in larger and more diverse samples.

5. Conclusions

In conclusion, our results suggest that several inflammatory biomarkers and symp-
toms are elevated or worse in gynecologic cancer patients prior to, during, and after
chemotherapy compared to non-cancer controls. For both patients and controls, levels of
CRP were associated with worse symptomatology (i.e., depression and physical activity).
These associations were no stronger for patients than for controls, suggesting that there
may be other causal mechanisms of symptoms in gynecologic cancer patients beyond
inflammation. Additional research is needed to identify additional biological mechanisms
of symptoms and examine whether reductions in inflammation (e.g., circulating levels of
CRP) can reduce the severity of symptoms in patients treated with chemotherapy. Such
interventions may considerably improve the quality of life of patients with gynecologic
cancer treated with chemotherapy. Further, reductions in inflammation may improve
quality of life in individuals without cancer.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers15133407/s1, Table S1. Adjusted parameter estimates from
mixed models examining group differences in changes in biomarkers of inflammation among patients
with gynecologic cancer treated with chemotherapy and non-cancer controls; Table S2. Adjusted
parameter estimates from mixed models examining group differences in changes in treatment-related
symptoms among patients with gynecologic cancer treated with chemotherapy and non-cancer
controls; Table S3. Adjusted parameter estimates from mixed models examining associations between
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fluctuations in biomarkers of inflammation with symptoms among patients with gynecologic cancer
treated with chemotherapy and non-cancer controls.
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Simple Summary: Physical inactivity and sleep problems are commonly reported by women going
through chemotherapy for gynecologic cancer. Inflammation from cancer and its treatment might
contribute to these issues, but existing findings are limited. We examined relationships between
biomarkers of inflammation and data from wearable devices to objectively measure physical activity
and sleep. We collected data from women with gynecologic cancer during chemotherapy and
followed up with them for a year after completing chemotherapy. We also compared their results
to women without cancer who were assessed at similar time intervals. We found that women with
cancer were less active and had more sleep problems than controls even a year after completing
chemotherapy. Greater inflammation was also related to less physical activity and more sleep
problems. Future research should test whether interventions aimed at reducing inflammation can
help women with cancer to be more active and have fewer sleep problems.

Abstract: Little is known regarding associations between inflammatory biomarkers and objectively
measured physical activity and sleep during and after chemotherapy for gynecologic cancer; thus, we
conducted a longitudinal study to address this gap. Women with gynecologic cancer (patients) and
non-cancer controls (controls) completed assessments before chemotherapy cycles 1, 3, and 6 (controls
assessed contemporaneously), as well as at 6- and 12-month follow-ups. Physical activity and sleep
were measured using wrist-worn actigraphs and sleep diaries, and blood was drawn to quantify
circulating levels of inflammatory markers. Linear and quadratic random-effects mixed models and
random-effects fluctuation mixed models were used to examine physical activity and sleep over time,
as well as the associations with inflammatory biomarkers. On average, patients (n = 97) and controls
(n = 104) were 62 and 58 years old, respectively. Compared to controls, patients were less active, more
sedentary, had more time awake after sleep onset, and had lower sleep efficiency (p-values < 0.05).
Across groups, higher levels of TNF-α were associated with more sedentary time and less efficient
sleep (p-values ≤ 0.05). Higher levels of IL-1β, TNF-α, and IL-6 were associated with lower levels of
light physical activity (p-values < 0.05). Associations between inflammatory biomarkers, physical
activity, and sleep did not differ between patients and controls. Given these results, we speculate
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that inflammation may contribute to less physical activity and more sleep problems that persist even
12 months after completing chemotherapy.

Keywords: gynecologic cancer; physical activity; sleep; inflammation

1. Introduction

Over 1.4 million people in the United States are living with gynecologic cancers, in-
cluding primary cancers of the ovary, uterus, and cervix [1]. Survival rates are improving
for ovarian cancer but have remained relatively stagnant for uterine and cervical cancer
for the past 50 years [1,2]. Currently, 5-year relative survival rates for gynecologic can-
cer range from 49% for ovarian to 81% for uterine cancer. Standard of care treatment
includes surgery and chemotherapy for locally advanced ovarian cancer, surgery and/or
combination chemotherapy/radiation for cervical cancers, and surgery followed by obser-
vation or chemotherapy and/or radiation for uterine cancers [1,3,4]. Although systemic
chemotherapy treatment is often necessary for effective treatment, chemotherapy can result
in distressing side effects that interfere with quality of life [5–9].

Inflammation is a potential mechanism to explain the relationship of cancer and its
treatment with well-established ‘sickness behaviors’ associated with cancer, such as reduced
physical activity and changes in sleep patterns [10,11]. Sleep disturbance reportedly affects
up to 80% of people with gynecologic cancer during treatment [12], and prior research
has found evidence for inflammation-associated sleep disturbance lasting at least one
year after treatment for patients with ovarian cancer [13]. Physical activity can also be
affected in those with gynecologic cancer, as fewer than 20% of ovarian cancer survivors
report meeting recommendations for 150 min of moderate to strenuous physical activity
per week [5]. Existing research on physical activity, sleep, and/or inflammation among
individuals with gynecologic cancers is limited by the use of self-reported measures of
physical activity and sleep [7,12–15], few assessments during chemotherapy [13,15] or
short-term follow-ups of a few weeks up to four months after treatment [12,16], and/or
a lack of control comparison [7,12–16]. There is currently a paucity of research designed
to examine associations between inflammation, sleep, and physical activity during and
following chemotherapy for gynecologic cancer. Collecting this information will inform
biobehavioral symptom management interventions.

The goal of this study was to examine longitudinal relationships between circulating
biomarkers of inflammation (i.e., IL-10, IL-1β, TNF-α, IL-6, IL-1Ra, TNFR1, TNFR2, and
CRP) and objectively measured physical activity and sleep in individuals with gynecologic
cancer during and after chemotherapy (i.e., patients) as compared to frequency age-matched
individuals without cancer (i.e., controls), assessed contemporaneously. We hypothesized
that (1) patients would have worse sleep and less physical activity than controls before,
during, and after chemotherapy; (2) participants with higher levels of inflammation would
report worse sleep and less physical activity than those with lower levels of inflammation
(between-person effects); (3) at times when participants had higher levels of inflammation
than their own average, they would also report worse sleep and less physical activity
(within-person effects). We also explored differences in relationships among circulating
biomarkers of inflammation and sleep and physical activity by group.

2. Materials and Methods

2.1. Participants

The study methodology has been described in detail elsewhere [17–19]. Briefly, partici-
pants were recruited between August 2013 and July 2018 prior to starting a new chemother-
apy regimen for gynecologic malignancies at the Moffitt Cancer Center. Inclusion criteria
were (1) 18–89 years of age; (2) able to speak and read English; (3) diagnosed with a gyne-
cologic malignancy (e.g., ovarian, endometrial, uterine, cervical, vulvar, fallopian tube, or
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peritoneal); (4) scheduled to start intravenous or intraperitoneal chemotherapy; (5) no cur-
rent or prior history of immune-related diseases (e.g., HIV, rheumatoid arthritis, systemic
lupus erythematosus); (6) no documented psychiatric, sleep, or neurological disorders that
could interfere with study participation (e.g., psychosis, sleep apnea, dementia); (7) no
receipt of chemotherapy or radiation in the month prior to enrollment; (8) not pregnant;
and (9) able to provide informed consent. Eligibility criteria for controls were the same
apart from the presence of a gynecologic malignancy and chemotherapy. Additionally,
controls were required not to have a history of any form of cancer except non-melanoma
skin cancer, and they had to be within five years of age of the patient participant to whom
they were being matched. This study was approved by the University of South Florida
Institutional Review Board.

Recruitment procedures for patients included physician referral, screening of clinic
schedules, and in-person or telephone screening by a trained research coordinator to
determine eligibility and obtain informed consent. Controls were recruited from a contact
list from a national marketing company. Patients who consented to participate completed
assessments at eight timepoints: pre-chemotherapy cycle 1 (i.e., 1 week before beginning
treatment) and post-chemotherapy cycle 1 (i.e., 1 week after first treatment); pre- and
post-chemotherapy cycle 3 (i.e., 1 week before and 1 week after cycle 3); pre- and post-
chemotherapy cycle 6 (i.e., 1 week before and 1 week after cycle 6); 6-month follow-up
(i.e., 1 week 6 months after cycle 6); and 12-month follow-up (i.e., 1 week 12 months after
cycle 6). Controls were assessed contemporaneously (i.e., two-week assessments where first
week coincides with pre-chemotherapy cycle and second week with post-cycle, 6 weeks
between first two and second two assessments, 9 weeks between second two and third two
assessments, and one-week assessments at 6 and 12 months after third two assessments).
Participants were compensated USD 25 per assessment after returning the survey and
actigraph. The current project used data from five timepoints: pre-chemotherapy cycle 1,
pre-chemotherapy cycle 3, pre-chemotherapy cycle 6, 6-month follow-up, and 12-month
follow-up.

2.2. Measures
2.2.1. Sociodemographic and Clinical Variables

Demographics were self-reported by participants at baseline (i.e., age, race, education,
household income, comorbidities, and menopausal status). Medical record review for
cases only was conducted for clinical data (i.e., cancer type, cancer stage, prior lines
of chemotherapy).

2.2.2. Physical Activity and Sleep

Wrist-worn actigraph devices (ActiGraph GT3X, MiniMitter, Bend, OR, USA) were
provided to participants, along with instructions to continuously wear the device on their
non-dominant wrist for each assessment period (1 week per assessment). Prior research
has found actigraphy to provide reliable and valid data for the estimation of sleep and
physical activity in cancer populations [20–22]. Participants also completed daily sleep
diaries of bedtimes and rising times. Sleep diary data were integrated with sustained
periods of inactivity measured by actigraphy, and Cole/Kripke scoring algorithms [23]
were used to estimate sleep efficiency (i.e., percentage of time in bed spent asleep) and the
amount of time (in hours) awake after sleep onset. Data were downloaded via the ActiLife
software (version 6.13.4, ActiGraph, Pensacola, FL) and raw data were exported to GGIR
(version 2.8-2) in R (version 3.6.3) for processing. Criteria for data inclusion were at least
50% wear time and 3 valid wear days [24]. Outliers were reviewed and data were excluded
if sleep time or activity appeared inconsistent with actigrams (i.e., graphs that showed
physical activity over the entire wear period of the assessment for each participant). This
procedure excluded data from 8 assessments (i.e., one patient and one control at baseline,
one patient at pre-cycle 3, one control at the assessment corresponding to pre-cycle 6, one
control at 6-month follow-up, and one patient and two controls at 12-month follow-up). For
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physical activity, movement over one-minute epochs was used to measure activity. After
data processing, the daily activity level based on Euclidean Norms Minus One (ENMO)
and the duration of each activity level were obtained in minutes and converted into hours.
Thresholds for activity levels were <40 ENMO for sedentary behavior, 40–99 ENMO for
light activity, and ≥100 ENMO for moderate-to-vigorous physical activity (MVPA) [20,21].
For sleep, data were excluded if the average sleep time was <3 or >12 h per night as these
values were likely errors [25]. This excluded data from 3 assessments (i.e., one control at
baseline, and one patient and one control at 12-month follow-up).

2.2.3. Biomarkers of Inflammation

Participants provided blood samples at five timepoints: baseline (i.e., before starting
chemotherapy for patients), before chemotherapy cycles 3 and 6 (and similar time intervals
for controls), and again at 6 and 12 months after patients had completed chemotherapy.
Each blood sample was evaluated for the presence of circulating markers of inflammation,
which included interleukin 10 (IL-10), interleukin 1β (IL-1β), tumor necrosis factor α (TNF-
α), interleukin 6 (IL-6), interleukin 1 receptor antagonist (IL-1Ra), tumor necrosis factor
receptor 1 (TNFR1), tumor necrosis factor receptor 2 (TNFR2), and c-reactive protein (CRP).
These inflammatory biomarkers were selected because previous studies have shown that
they are associated with physical activity and sleep, they are relatively stable over time,
and they are readily detectable using existing laboratory methodologies [10,11,13]. All
blood samples were sent to the Cancer Control and Psychoneuroimmunology Lab at the
University of Rochester for analysis. All samples were assayed in one run on a multiplexed
cytokine bead assay (i.e., IL-10, IL-1β, TNF-α [HSTCMAG-28SK-04], TNFR1, TNFR2
[HSCRMAG-32K-02], IL-6, and IL-1Ra [HCYTOMAG-60K-01]) or using enzyme-linked
immunosorbent assays (i.e., CRP; R&D Systems Human Quantikine ELISA; Minneapolis,
MN, DCRP00; R&D Systems Human Quantikine ELISA; Minneapolis, MN, DCRP00)
per the manufacturer’s instructions. The same lot was used for all kits. The median
concentrated was taken from 50 beads per well for Luminex, and the average was taken
from duplicates for ELISA. All data and internal controls were inspected for a CV < 20%,
with all kits run with a standard curve with an r2 > 0.98. The same plate was used for
all sample collections from the same participant. The lower limits of detection of the
assays, with sample dilution taken into account, were IL-10 = 0.30; IL-1β = 0.14; IL-6 = 0.04;
TNFα = 0.08; IL-1Rα = 7.41; TNFR1 = 10.60; TNFR2 = 10.18; CRP = 5.0 pg/mL.

2.3. Data Analyses

Circulating markers of inflammation with estimates below the lower limit of detection
were divided by 1.4, and indeterminate inflammatory biomarker concentrations were set
to missing. Inflammatory biomarker values that were three standard deviations from the
sample mean for each group (cases and controls) were set to missing. Raw inflammatory
biomarkers with non-normal distributions (i.e., IL-6, IL-1Ra) were natural log-transformed
to normalize their distributions. All cytokines that were not natural log-transformed (i.e.,
IL-10, IL-1β, TNF-α, TNFR1, TNFR2, CRP) were mean-centered across all participants to
facilitate interpretation.

Participants with non-missing data for at least one biomarker and actigraphy data
at one or more timepoints were included in analyses. Sociodemographic and clinical
characteristics of the sample were described using means, standard deviations, frequencies,
and percentages. Independent-sample t-tests, chi-square tests, and Fisher’s tests were used
to evaluate differences in sociodemographic and clinical characteristics between groups (i.e.,
patients vs. controls). Independent-sample t-tests were also used to evaluate differences
in physical activity and sleep between groups at each timepoint. Linear and quadratic
random-effects mixed models were used to examine changes in physical activity and sleep
over time between each group and within each group. Time was coded as the number of
months since baseline. Random-effects fluctuation mixed models were used to examine
associations of inflammatory biomarkers with physical activity and sleep aggregated over
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the five assessments [26]. Biomarkers of inflammation were included as between-person
predictors (having an average level of inflammation that differed from other participants)
and within-person predictors (having an average level of inflammation that differed from a
participant’s own average). To determine whether associations differed between patients
and controls, interactions between the group and fluctuations in inflammatory biomarkers
with physical activity and sleep were also included. Significant interactions between
the group and fluctuations in inflammatory biomarkers were further probed within each
group using separate random-effects fluctuation models with the group effect removed.
Sensitivity analyses were completed by excluding patients with metastatic disease and
examining fluctuations in inflammatory biomarkers with physical activity and sleep. All
statistical analyses were conducted using SAS version 9.4 (Cary, NC, USA).

3. Results

The sociodemographic and clinical characteristics of patients (n = 97) and controls
(n = 104) are displayed in Table 1. Patients were older, more likely to be White, and less
likely to have a college education or a household income of USD 40,000 or more than
controls (p-values < 0.05). Patients also reported more comorbidities on average (p = 0.05)
and were more likely to be post-menopausal than controls (p < 0.01). Because of these
group differences, we included age, race, education, comorbidities, and menopausal status
as covariates. Income was not included as a covariate because it was highly correlated
with education (Spearman’s rho = 0.34, p < 0.0001). Among patients, cancer types included
ovarian (51%), endometrial (36%), and other gynecologic malignancies (13%).

Table 1. Participant characteristics.

Variable Patients (n = 97) Controls (n = 104) p-Values

Age: M (SD) 61.62 (10.07) 58.38 (12.44) 0.05
Race: n (%) White 92 (96) 92 (89) 0.05
Education: n (%) college graduate 33 (34) 74 (71) <0.0001
Income: n (%) USD 40,000 or more 51 (68) 73 (81) 0.05
Comorbidities: M (SD, range) 2.40 (0.85, 2–7) 2.19 (0.53, 2–5) 0.05
Menopausal status: n (%) <0.01

Pre-menopausal 10 (11) 26 (25)
Post-menopausal 84 (89) 78 (75)

Cancer Type: n (%) - -
Cervical 1 (1)
Fallopian 3 (3)
Ovarian 49 (51)
Vulvar 1 (1)
Endometrial 35 (36)
Peritoneal 5 (5)
Other 2 (2)

Stage: n (%) - -
1 18 (20)
2 9 (10)
3 48 (53)
4 16 (18)

Prior lines of chemotherapy: n (%)
3 or more 9 (9) - -

3.1. Group Differences in Biomarkers of Inflammation

Raw and log-transformed (Il-6 and IL-1Ra only) means and longitudinal changes in
biomarkers of inflammation in this study are reported elsewhere [27]. Patients generally
had higher circulating levels of inflammatory biomarkers than controls over time. The
results of the random-effects mixed models also demonstrated group differences over time
such that the levels of some inflammatory biomarkers (i.e., TNFR1, TNFR2, IL-1Ra, CRP)
generally decreased in patients but remained unchanged in controls.
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3.2. Group Differences in Physical Activity and Sleep

Raw means for physical activity and sleep are presented in Table 2. Cross-sectional
comparisons of physical activity (i.e., time in hours for MVPA, light activity, and sedentary
time) and sleep (time in hours awake after sleep onset, sleep efficiency) by group indicated
that patients spent significantly less time each day engaging in both light activity and
MVPA than controls at all timepoints (patients engaged in 17.4 to 37.2 fewer minutes of
MVPA and 18.6 to 44.4 min of light activity per day than controls). Patients were also
significantly more sedentary throughout chemotherapy and at the 12-month follow-up
compared to controls (patients were sedentary for 16.2 to 30 more minutes per day than
controls). Patients had significantly more time awake after sleep onset than controls at all
timepoints (patients spent 16.2 to 30 more minutes awake after sleep onset per night than
controls) and had lower sleep efficiency than controls throughout chemotherapy and at
12-month follow-up (patients had 3–6% less efficient sleep than controls).

Table 2. Physical activity and sleep raw means.

Baseline Pre-Chemo 3 Pre-Chemo 6 6 Month Follow-Up 12 Month Follow-Up

Patients Controls Patients Controls Patients Controls Patients Controls Patients Controls

Physical Activity
MVPA a 0.55 (0.42) 1.17 (0.52) 0.74 (0.52) 1.29 (0.6) 0.64 (0.48) 1.15 (0.53) 0.85 (0.5) 1.14 (0.53) 0.71 (0.49) 1.12 (0.52)
Light Activity b 2.1 (0.66) 2.84 (0.82) 2.34 (0.8) 3.04 (0.84) 2.21 (0.84) 2.82 (0.86) 2.6 (0.62) 2.91 (0.82) 2.38 (0.81) 2.9 (0.88)

Sedentary Time c 11.88
(1.27)

11.45
(1.38)

11.68
(1.45)

11.2 (1.5)
11.73
(1.42)

11.32
(1.34)

11.26
(1.51)

11.14
(1.24)

11.79
(1.57)

11.24
(1.22)

Sleep Measures
WASO d 1.6 (0.76) 1.1 (0.56) 1.56 (0.78) 1.21 (0.73) 1.65 (0.95) 1.29 (0.73) 1.39 (0.75) 1.12 (0.64) 1.46 (0.77) 1.07 (0.62)
Sleep Efficiency e 0.79 (0.09) 0.85 (0.06) 0.8 (0.08) 0.83 (0.08) 0.8 (0.09) 0.83 (0.08) 0.82 (0.08) 0.84 (0.07) 0.81 (0.08) 0.84 (0.08)

a MVPA = moderate-to-vigorous physical activity in hours per day. b Light activity in hours per day. c Sedentary
time in hours per day. d WASO = wake after sleep onset in hours per night. e Sleep efficiency, or proportion of
time in bed spent asleep. Significant group differences are in bold.

Adjusted means of physical activity and sleep from the quadratic random-effects
mixed models controlling for group (adjusted for age, race, education, comorbidities,
and menopausal status) are displayed in Figure 1a–e. There was a significant quadratic
change in MVPA for patients only, such that the number of hours spent in MVPA gradually
decreased during chemotherapy and increased thereafter (from 0.63 h per day at baseline
to 0.54 h before cycle 3 and 0.78 h at 12-month follow-up, p < 0.01). The results of the mixed
models revealed significant interactions between group and time for light activity (p = 0.01)
and time awake after sleep onset (p = 0.03). Specifically, the estimated hours per day of
light activity increased over time for patients (from 2.22 h per day at baseline to 2.49 h at
12-month follow-up, p = 0.02) but remained unchanged for controls (2.86 to 2.89 h per day,
p = 0.70). Although the interaction between group and time was significant for time awake
after sleep onset in the entire sample, the effect of time was not significant for patients or
controls when each group was examined separately (p-values > 0.05). There were no other
significant changes in physical activity or sleep over time.

3.3. Longitudinal Relationships among Biomarkers of Inflammation and Physical Activity
and Sleep
3.3.1. Moderate-to-Vigorous Activity

The results of the random-effects fluctuation models are presented in Table 3. There
was a significant interaction of within-person variance in IL-10 with group (B = 0.007,
p = 0.04); there was no association between IL-10 and moderate-to-vigorous activity for
controls (B = 0.002, p = 0.27). At times when patients had greater circulating IL-10, they
tended to engage in less moderate-to-vigorous physical activity (B = −0.005, p = 0.05).
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Figure 1. Least squares means over time by group for (a) moderate-to-vigorous activity hours per
day, (b) light activity hours per day, (c) sedentary time hours per day, (d) average hours awake after
sleep onset per night, (e) sleep efficiency, or proportion of time in bed spent sleeping.
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Table 3. Associations of fluctuations in biomarkers of inflammation with sleep and physical activity
among patients with gynecologic cancer treated with chemotherapy and noncancer controls.

Variable
Moderate to Vigorous Activity

IL-10 IL-1β TNF-α TNFR1 TNFR2 CRP IL-6ˆ IL-1Raˆ

Intercept 1.76 *** 1.84 *** 1.85 *** 1.72 *** 1.86 *** 1.90 *** 1.81 *** 1.75 ***
Group −0.46 *** −0.70 *** −0.73 *** −0.52 ** −0.68 *** −0.61 *** −0.57 *** −0.59 ***
Between-person
variance in cytokine 2.91 × 10−3 −6.91 × 10−3 −8.71 × 10−3 5.26 × 10−4 −8.00 × 10−5 −0.03 0.04 7.88 × 10−3

Within-person variance
in cytokine 2.46 × 10−3 −1.66 × 10−3 −1.77 × 10−3 −2.00 × 10−5 1.90 × 10−5 1.45 × 10−3 −0.01 0.02

Group × between-
person variance
in cytokine

−5.37 × 10−3 0.04 0.01 −4.20 × 10−4 1.05 × 10−4 0.02 −0.02 0.02

Group × within-person
variance in cytokine 7.24 × 10−3 * 7.34 × 10−3 −8.89 × 10−3 8.10 × 10−5 2.00 × 10−5 −7.70 × 10−3 −0.01 −0.04

Variable
Light Activity

IL-10 IL-1β TNF-α TNFR1 TNFR2 CRP IL-6ˆ IL-1Raˆ

Intercept 3.14 *** 3.19 *** 3.15 *** 2.79 *** 2.93 *** 3.20 *** 3.04 *** 3.05 ***
Group −0.75 *** −0.79 *** −0.48 −0.05 −0.20 −0.51 ** −0.50 *** −0.42 *
Between-person
variance in cytokine −6.05 × 10−3 −0.03 −0.02 1.12 × 10−3 4.00 × 10−5 −0.05 −0.07 −0.04

Within-person variance
in cytokine −6.55 × 10−3 −0.04 * −0.02 * −3.80 × 10−4 −1.10 × 10−4 −8.12 × 10−3 −0.08 * −0.03

Group × between-
person variance
in cytokine

0.01 0.09 5.36 × 10−3 −2.44 × 10−3 −2.50 × 10−4 0.03 0.06 −3.37 × 10−3

Group × within-person
variance in cytokine 5.51 × 10−3 0.06 * 3.78 × 10−3 −1.16 × 10−3 −9.00 × 10−5 −0.04 0.06 −2.12 × 10−3

Variable
Sedentary Time

IL-10 IL-1β TNF-α TNFR1 TNFR2 CRP IL-6ˆ IL-1Raˆ

Intercept 10.86 *** 10.81 *** 10.55 *** 11.26 *** 11.02 *** 10.72 *** 10.99 *** 10.97 ***
Group 0.63 0.91 * 1.28 * 7.05 × 10−3 0.37 0.29 0.42 0.28
Between-person
variance in cytokine −1.34 × 10−3 0.02 0.04 * −1.91 × 10−3 −7.00 × 10−5 0.06 0.06 6.91 × 10−4

Within-person variance
in cytokine 0.01 * 0.05 6.83 × 10−3 1.13 × 10−3 1.17 × 10−4 −0.01 0.04 7.44 × 10−3

Group × between-
person variance
in cytokine

−4.13 × 10−3 −0.12 −0.06 3.20 × 10−3 1.48 × 10−4 0.02 3.76 × 10−3 0.05

Group × within-person
variance in cytokine 8.95 × 10−4 −0.02 2.26 × 10−4 −1.96 × 10−3 −6.60 × 10−4 0.09 * 0.05 0.15

Variable
Wake after Sleep Onset

IL-10 IL-1β TNF-α TNFR1 TNFR2 CRP IL-6ˆ IL-1Raˆ

Intercept 1.50 *** 1.46 *** 1.38 *** 1.42 *** 1.45 *** 1.35 *** 1.49 *** 1.50 ***
Group 0.49 ** 0.53 ** 0.59 ** 0.51 ** 0.42 0.51 *** 0.44 *** 0.68 ***
Between-person
variance in cytokine −2.00 × 10−4 1.99 × 10−4 9.05 × 10−3 3.39 × 10−4 7.30 × 10−5 0.03 −8.63 × 10−3 −0.01

Within-person variance
in cytokine −2.96 × 10−3 −1.22 × 10−3 −6.25 × 10−3 −4.10 × 10−4 −6.00 × 10−5 1.72 × 10−3 −0.01 −0.05

Group × between-
person variance
in cytokine

−2.88 × 10−3 −0.03 −0.01 −5.30 × 10−4 −9.88 × 10−6 −0.03 −0.14 −0.12

Group × within-person
variance in cytokine −1.88 × 10−3 0.03 8.23 × 10−3 4.00 × 10−5 1.35 × 10−4 −1.04 × 10−3 0.04 −0.01

Variable
Sleep Efficiency

IL-10 IL-1β TNF-α TNFR1 TNFR2 CRP IL-6ˆ IL-1Raˆ

Intercept 0.80 *** 0.80 *** 0.82 *** 0.81 *** 0.81 *** 0.84 *** 0.81 *** 0.81 ***
Group −0.04 * −0.03 −0.05 * −0.03 −0.03 −0.04 * −0.04 ** −0.08 ***
Between-person
variance in cytokine 4.70 × 10−4 1.03 × 10−3 −1.34 × 10−3 −2.00 × 10−5 −2.00 × 10−5 −4.96 × 10−3 3.93 × 10−3 −1.02 × 10−3

Within-person variance
in cytokine −5.20 × 10−4 −3.78 × 10−3 −1.92 × 10−3 * 9.00 × 10−5 1.90 × 10−5 −1.97 × 10−3 −7.81 × 10−3 −2.32 × 10−3

Group × between-
person variance
in cytokine

2.04 × 10−4 9.06 × 10−4 1.53 × 10−3 7.50 × 10−6 1.54 × 10−6 3.90 × 10−3 9.58 × 10−3 0.02 *

Group × within-person
variance in cytokine 8.70 × 10−4 3.99 × 10−3 5.50 × 10−4 −1.40 × 10−4 −3.00 × 10−5 3.41 × 10−3 5.32 × 10−3 0.01

Analyses controlled for age, education, comorbidities, and menopausal status. IL-6ˆ and IL-1Raˆ were natural
log-transformed. *** = p < 0.001; ** = p < 0.01; * = p < 0.05.
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3.3.2. Light Activity

Participants with higher levels of circulating IL-1β, TNF-α, and IL-6 (log-transformed)
than their personal average spent significantly fewer hours in light activity each day (i.e.,
main effects of within-person variance in inflammation) (IL-1β: B = −0.04, p = 0.04; TNF-α:
B = −0.02, p = 0.04; IL-6: B = −0.08, p = 0.02). There was also a significant interaction
of within-person variance in IL-1β by group (B = 0.06, p = 0.04), such that there was no
association between IL-1β and light activity for patients (B = 0.02, p = 0.49), but when
controls had greater circulating IL-1β, they were engaged in less light activity (B = −0.04,
p = 0.02).

3.3.3. Sedentary Time

Participants with higher levels of circulating TNF-α than other participants tended to
be more sedentary each day (i.e., main effect of between-person variance in inflammation;
B = 0.04, p = 0.05). Participants with higher levels of circulating IL-10 than their personal
average tended to be more sedentary each day (i.e., main effect of within-person variance in
inflammation; B = 0.01, p = 0.05). There was also a trend for an interaction of within-person
variance in CRP by group (B = 0.09, p = 0.05); however, this association of sedentary time
with CRP was not significant when examined in patients (B = 0.03, p = 0.19) and controls
separately (B = −0.005, p = 0.88).

3.3.4. Wake after Sleep Onset

There were no significant associations between circulating markers of inflammation
and time awake after sleep onset.

3.3.5. Sleep Efficiency

Participants with higher levels of circulating TNF-α than their personal average also
tended to have less efficient sleep (i.e., main effect of within-person variance in inflamma-
tion; B = −0.002, p = 0.05). There was also a significant interaction of between-person levels
of IL-1Ra (log-transformed) and group on sleep efficiency (B = 0.02, p = 0.02); however, the
association of IL-1Ra and sleep efficiency was not significant when examined in patients
(B = 0.008, p = 0.17) and controls separately (B = −0.001, p = 0.64).

3.3.6. Sensitivity Analyses

After excluding 16 patient participants with metastatic disease, the effects were similar,
with a few exceptions (see Supplemental Table S1). For light activity, the main effect of
group was no longer significant in the model with IL-1Ra (log-transformed; B = −0.25,
p = 0.30), and the interaction effect of group and within-person levels of IL-1β was no
longer significant (B = 0.03, p = 0.35). For sleep efficiency, there was an additional trend for
a main effect of group in the model with IL-1β (B = −0.04, p = 0.05).

4. Discussion

Changes to physical activity and sleep are commonly reported by people with gyne-
cologic cancer during chemotherapy [12,13], yet there is limited research on the objective
measurement of these sickness behaviors and associations with inflammation during and
following chemotherapy. To our knowledge, this is the first longitudinal study with a
control group to examine inflammatory markers and objectively measured physical activity
and sleep during and following chemotherapy for gynecologic cancer. Our findings provide
evidence for affected physical activity and sleep during chemotherapy. Additionally, when
participants had higher circulating levels of inflammatory cytokines relative to their own
average, they also demonstrated greater sickness behaviors in the form of reduced physical
activity and sleep efficiency.

Patients were overall less active and had more sleep problems than controls. Compared
to controls, patients engaged in less light and moderate-to-vigorous physical activity at
all timepoints, and patients were more sedentary during chemotherapy and at 12-month
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follow-up. Patients increased their activity over time, demonstrating some recovery of
activity following chemotherapy; however, patient activity levels remained affected even at
12-month follow-up. Compared to controls, patients also had more time awake after sleep
onset at all timepoints and lower sleep efficiency during chemotherapy. These findings are
consistent with prior research showing that reduced physical activity and sleep problems
are common and can be long-term side effects of chemotherapy [5,7,12–15]. Our findings
extend prior research by showing these associations using objectively measured physical
activity and sleep, and by demonstrating changes in physical activity and sleep over the
course of six chemotherapy cycles (worsening) as well as 6- and 12-month follow-ups
(improving) among patients with gynecologic cancer.

We found that several inflammatory markers were significantly associated with physi-
cal activity and sleep. When participants had higher circulating levels of IL-1β, TNF-α, and
IL-6 than their usual average, they had lower light physical activity. The associations for
TNF-α and IL-6 were similar for both cases and controls, suggesting common underlying
relationships between inflammation and both activity and sleep. Further, participants who
had higher circulating levels of TNF-α also were more sedentary. When participants had
higher TNF-α than their own average, they also had less efficient sleep. IL-6, TNF-α, and
IL-1β are proinflammatory cytokines [28]. Prior research has found that TNF-α is essential
for the sleep–wake cycle, and both elevations and decrements can disrupt the homeostasis
necessary for efficient sleep [11,29]. These results suggest that greater inflammation is
associated with less light physical activity, more sedentary behavior, and less efficient sleep.

Interestingly, higher IL-10, which has anti-inflammatory properties, was previously
found to be associated with less sedentary time and greater physical activity in a healthy
sample without cancer [30]. However, in our study, when participants had higher IL-10,
they were more sedentary and engaged in less moderate-to-vigorous physical activity. The
previous study enrolled both men and women under the age of 55 years, with a mean age
of 32, while our study had a much older population on average (60 years) and comprised
only females. It is possible that there may be differences in associations in older groups,
particularly postmenopausal women, who tend to have higher levels of inflammation [31].
There is also emerging evidence that IL-10 can be ‘non-classical’ and pro-inflammatory in
the context of cancer [32]. Future research should evaluate potential differences in these
associations across sex and age and determine the impact of cancer on functional changes
in IL-10 action.

Strengths of our study include the unique contribution of objectively measured phys-
ical activity and sleep during chemotherapy, with a full one year of follow-up, and a
comparison to controls. The inclusion of inflammatory biomarkers and associations with
objective activity and sleep measurements are also strengths. However, our study also had
limitations. The majority of participants were White, with middle to upper-level socioe-
conomic status, and the study was conducted at one cancer center, which may limit the
generalizability of the findings to other populations. Prior research has found disparities in
gynecological morbidity and mortality outcomes between Black and White women in the
United States, and the likely main source of this disparity is inadequate access to screening,
HPV vaccination, and cancer treatment [33]. To enhance the generalizability and investigate
potential disparities in inflammation, sleep, and physical activity, multiple recruitment sites
and community networking are recommended for future research [34]. There were also
significant group differences in a few sample characteristics (i.e., education, menopausal
status), and this limitation was addressed by including covariates in the analyses. Income
is another potential confounding variable; however, income and education were highly
correlated, and including both as covariates would have resulted in multicollinearity. A
future project with a larger sample may be better able to control for additional confounders
such as income, as well as variables that were unmeasured in the current study (e.g., body
mass index, waist-to-hip ratio).

The findings point to several opportunities for future research. Interventions aimed
at reducing inflammation, such as an anti-inflammatory diet or medications (such as
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bupropion), potentially could address sickness behaviors [35–37]. In addition, randomized
trials of health behavior change interventions such as exercise and cognitive–behavioral
therapy for insomnia have shown promise in reducing markers of inflammation among
healthy middle-aged and older adults [38,39] and cancer survivors [40,41]. Thus, there may
be bidirectional effects in the relationship between inflammation and sickness behaviors,
and an intervention focused on one may have a cascading positive impact. Since many
associations were similar between cases and non-cases, this suggests that interventions
addressing sickness behaviors or reducing inflammation may work in both populations.
For example, TNF-α inhibitors have been used to treat multiple auto-immune diseases [42],
which also exhibit similar sickness behaviors to those seen in cancer patients. Future
research should identify the health behaviors and specific inflammatory factors with the
strongest effects, the factors most amenable to long-term change, and which interventions
work best for which patients at which timepoints in the trajectory from treatment to
survivorship. Future research may also improve the generalizability by recruiting diverse
samples and utilizing multiple sites and community partnerships.

5. Conclusions

In conclusion, this study is among the first to examine the associations between in-
flammatory markers and objectively measured physical activity and sleep during and
following chemotherapy for gynecologic cancer. The findings suggest that greater inflam-
mation is associated with less light physical activity, more sedentary behavior, and more
sleep problems in those with and without cancer, and that patients are less active and
have more sleep problems than controls, possibly due to their higher inflammation levels.
Clinical implications include a need to examine anti-inflammatory health behavior change
interventions or drugs among people with gynecologic cancer to address patient-reported
outcomes.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15153882/s1, Table S1: Sensitivity analyses: Associations
of fluctuations in biomarkers of inflammation with sleep and physical activity among patients
with gynecologic cancer treated with chemotherapy and noncancer controls excluding those with
metastatic disease.
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Simple Summary: Patient-reported outcomes (PROs) are information collected directly from patients
regarding their health status. Emerging evidence has suggested that integrating PRO assessments into
oncology clinical practice can have various benefits for patient care and health. This systematic review
and meta-analysis investigated the effects of routine PRO monitoring on the overall survival of people
with any type of cancer. We included six studies that compared these interventions to the care that is
usually provided to cancer patients. The results seemed to indicate that monitoring PROs in cancer
care could positively influence overall survival and that benefits could be largest for individuals with
advanced lung cancer. Possible explanations for these findings are that PRO surveillance may allow
clinicians to respond to problems more rapidly or that better symptom management could improve
tolerance to therapy, thus extending its benefits. However, since available studies are few and of
suboptimal quality, additional rigorous research is needed to consolidate our results.

Abstract: This study examined the effects of the routine assessment of patient-reported outcomes
(PROs) on the overall survival of adult patients with cancer. We included clinical trials and observa-
tional studies with a control group that compared PRO monitoring interventions in cancer clinical
practice to usual care. The Cochrane risk-of-bias tools were used. In total, six studies were included
in the systematic review: two randomized trials, one population-based retrospectively matched
cohort study, two pre–post with historical control studies and one non-randomized controlled trial.
Half were multicenter, two were conducted in Europe, three were conducted in the USA and was
conducted in Canada. Two studies considered any type of cancer, two were restricted to lung cancer
and two were restricted to advanced forms of cancer. PRO screening was electronic in four of the six
studies. The meta-analysis included all six studies (intervention = 130.094; control = 129.903). The
pooled mortality outcome at 1 year was RR = 0.77 (95%CI 0.76–0.78) as determined by the common
effect model and RR = 0.82 (95%CI 0.60–1.12; p = 0.16) as determined by the random-effects model.
Heterogeneity was statistically significant (I2 = 73%; p < 0.01). The overall risk of bias was rated as
moderate in five studies and serious in one study. This meta-analysis seemed to indicate the survival
benefits of PRO screening. As routine PRO monitoring is often challenging, more robust evidence
regarding the effects of PROs on mortality would support systematic applications.

Keywords: patient-reported outcome; overall survival; cancer; symptom monitoring; meta-analysis;
systematic review

1. Introduction

Patient-reported outcomes (PROs) are defined by the USA Food and Drug Administra-
tion as “any report of the status of a patient’s health condition that comes directly from the
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patient, without interpretation of the patient’s response by a clinician or anyone else” [1].
PRO measures (PROMs) are derived from the patient self-assessment of a variety of health
and wellbeing indices, including measures for health-related quality of life (HRQoL),
symptom reporting, satisfaction with care or treatment, economic impacts and the specific
dimensions of patient experience, such as depression and anxiety [2,3]. PRO measures
are multidimensional and subjective, grounded on patient perceptions and objectively
quantified [4]. As PROs can provide crucial information about unique patient experiences
during cancer trajectories, their use in clinical practice is becoming increasingly advocated.
Subjective patient perceptions can be particularly relevant as it has been shown that patient
experiences do not always coincide with clinician understanding [5,6]. These differences in
perspective have inspired, for instance, the development of the Patient-Reported Outcomes
version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE) by the
USA National Cancer Institute [7], which is an internationally accepted system for the
grading and reporting of adverse events by clinician [8]. The tool, originally devised for
use in clinical cancer trials, is now frequently employed in clinical practice as well and has
been translated and cross-culturally adapted into various languages [9].

Various literature reviews have indicated that PRO collection/symptom monitoring
in oncology practice can have numerous advantages for patients, including improved
communication with healthcare professionals [2,6,10], higher satisfaction [2,11] and higher
levels of health-related quality of life [11,12], as well as economic benefits due to decreased
emergency room visits and hospital readmissions [11,12]. The growing body of evidence
supporting the impacts of PRO detection on patient survival is even more interesting. In a
recent systematic review by Lizan et al. [12], five out of six publications assessing this out-
come indicated that patient-reported symptom surveillance led to significantly improved
survival compared to usual symptom monitoring. Specifically, the review found that active
patient-reported monitoring was associated with increased survival for five months or
more compared to usual care. However, that review did not provide an assessment of the
study quality using appropriate instruments and did not report any meta-analysis data. To
our knowledge, no work has yet been published that fills this gap.

Therefore, we conducted a systematic review and meta-analysis to determine whether
the assessment of PROs in clinical practice using validated instruments can influence the
overall survival of patients affected by any type or stage of cancer.

Review question: Does the use of PROs in oncology clinical practice have an impact
on patient survival?

2. Materials and Methods

Before conducting this work, the PROSPERO database [13] was searched in April 2022
to identify any existing reviews on the subject in order to avoid replication; however, none
were found. This review was designed and conducted following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines [14]. The protocol
was registered with PROSPERO (CRD42022328407) on 10 May 2022.

2.1. Search Strategy

Studies were identified by searching the MEDLINE database using the PubMed
platform and the Web Of Science Clarivate, with no date or language restrictions. The
searches were conducted on 21 June 2022. A “backwards” snowball search was conducted
on the references of systematic reviews. The full search strategies and notes on strategy
development are provided in the Supplementary Materials.

2.2. Study Eligibility

Clinical trials and observational studies with control groups were considered. Studies
had to compare the use of a PROM as an intervention in cancer clinical practice to not
using a PROM. Any measure that qualified as a PROM according to the aforementioned
FDA definition [1] was eligible, provided that it was detected using a validated screening
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tool that was administered in any format. Comparison had to be to usual care, i.e., the
care that is normally provided at the studied center. Thus, we excluded uncontrolled
studies, validation studies and studies using PROMs to evaluate another intervention
(e.g., PRO data used to measure treatment benefits or risks in medical product clinical
trials), as well as studies comparing PROM intervention modalities. Reviews, editorials,
commentaries, methodological articles and case reports, along with duplicates/replicates
of studies, were excluded.

2.3. Population Eligibility

The review concerned adult individuals with any type of cancer in any setting and
in any phase of their care trajectory (currently receiving cancer treatment or in follow-up).
Studies focused on children (<18 years) were not considered.

2.4. Selection Process

Two reviewers independently performed the initial title and abstract screening for
relevance to this review using the Rayyan platform [15], which allowed the recording of
any discrepancies and the reaching of a consensus. Next, the two reviewers independently
examined the full texts of the screened publications and identified eligible papers to include
in the review. Any disagreements were resolved by a third independent reviewer.

2.5. Data Extraction

Two reviewers independently extracted data from the selected studies using a Mi-
crosoft Excel form and disagreements were resolved through discussions, involving a third
reviewer when necessary. The extracted data items included title and first author, coun-
try, number of centers, cancer type, number of patients, phase of care (active treatment or
follow-up), intervention delivery method, screened PROMs and corresponding instruments,
estimates of the effects and measures of variability (standard errors or confidence intervals).

Study investigators were contacted when data confirmation was needed.

2.6. Risk of Bias Assessment

The internal validity (risk of bias) of the included studies was assessed using the two
most recommended tools for interventional studies, according to the design in [16], namely,
the Cochrane risk of bias tool for randomized trials (RoB 2) [17] and the Risk Of Bias In
Non-randomized Studies of Interventions (ROBINS-I) [18].

RoB 2 [17] is structured into five bias domains, which address all important mech-
anisms by which bias can be introduced into the results of a trial. They cover the ran-
domization process, deviations from intended interventions, missing outcome data, the
measurement of the outcomes and the selection of the reported results. Within each domain,
users answer one or more signaling questions. These answers lead to a judgment of “low
risk of bias”, “some concerns” or “high risk of bias”. The judgments within each domain
lead to an overall judgment for the risk of bias in the results being assessed.

ROBINS-I [18] considers seven domains through which bias can be introduced into
non-randomized studies of interventions (NRSIs), covering the confounding and selection
of participants into the studies, the classification of the interventions themselves, issues
arising after the start of the interventions, biases due to deviations from intended interven-
tions, missing data, the measurement of the outcomes and the selection of the reported
results. Responses to “signaling questions” provide the basis for domain-level judgments
about the risk of bias, which then provide the basis for an overall risk of bias judgment for
particular outcomes using the categories of a “low risk”, “moderate risk”, “serious risk”
and “critical risk” of bias.

To present the results of this assessment in a graphical format, we used a traffic light
plot to depict the domain level judgments for each study and a summary bar plot figure
to show the proportion of studies with a given risk of bias within each domain, weighted
by inverse variance. To provide a combined representation of the judgments obtained
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using the two selected tools, ROBINS-I was used as a reference (seven domains). Thus,
for RCTs, the two domains that were not applicable (“selection bias” and “classification of
intervention”) were highlighted in gray.

Two reviewers independently applied the tools to each included study and recorded
the supporting information and justifications for the judgments of risk of bias for each
domain. Doubts were resolved through discussions.

Following the instrument indications, the overall risk of bias was judged according
to the following criteria: “low” when all domains were rated as low risk; "some con-
cerns/moderate” when at least one domain was rated as having some concerns/moderate
risk but no domain was rated as having a high risk; “high/serious” when at least one
domain was rated as having a high/serious risk or if the study was judged to have some
concerns for multiple domains in a way that substantially lowered confidence in the results.

2.7. Data Synthesis

To summarize the effects of the interventions, the risk ratio (RR) was estimated using
the raw data. We performed random-effects meta-analyses using the Paule and Mandel
method for the estimation of between-study variance [19,20]. Due to the great variability
between the selected studies in terms of sample size, we assigned weights using an inverse
variance matrix. The confidence intervals of the overall effects on survival were adjusted
by applying the Hartung–Knapp–Sidik–Jonkman (HKSJ) approach [21–23] to account for
the uncertainty in the variance estimates. I2 statistics tests were calculated to quantify the
degree of study heterogeneity [24]. The I2 value that established significant heterogeneity
was 70%. The level of significance was set at p < 0.050.

We did not perform formal subgroup analyses due to the insufficient number of
included studies. Furthermore, we planned to assess publication bias using funnel plot
representation and a Peter’s test at a 10% level; however, this was not possible because
fewer than 10 studies were considered.

The data were processed using R statistical software (R: a language and environment
for statistical computing; the R Foundation for Statistical Computing, Vienna, Austria),
v. 4.0.3, with the meta and metasens packages [25].

2.8. Patient and Public Involvement

Patients nor the public were involved in this research.

3. Results

3.1. Study Selection

A total of 3723 articles were retrieved from the two databases and uploaded into the
Rayyan platform. After removing duplicates, 2433 records underwent the title and abstract
screening. We chose not to apply automation tools to determine ineligibility in order to
increase accuracy; thus, all references were screened manually. In total, 14 reports were
identified as potentially eligible and underwent a full text review. Of these, six [26–31]
were excluded, mainly because the outcomes of interest in this review were not measured
or because the types of intervention or study aims were not eligible for our study question
(Table S1). Overall, six studies [32–37] were included in our systematic review, to which
two follow-up publications [38,39] were added for the meta-analysis.

A flow diagram depicting the selection process is provided in Figure 1.
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Figure 1. A PRISMA 2020 flow diagram of the process of identifying studies (both included and
excluded).

3.2. Study Characteristics

The characteristics of the six studies included in the review are shown in Table 1.
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Three out of the six studies [32,35,37] were multicenter. Two of the six studies [34,35]
were set in Europe, three [33,36,37] were set in the USA and one [32] was set in in Canada.
Two studies were RCTs [33,35], one was a population-based retrospectively matched cohort
analysis [32], two used a pre–post design with historical controls [36,37] and one was
a non-randomized controlled trial in which the controls were patients who refused the
intervention [34].

Regarding included the populations, three out of the six studies [33–35] restricted
eligibility to patients receiving active treatment, while the others recruited patients in any
phase of care. Two studies [34,35] focused exclusively on lung cancer, two [33,36] focused
on advanced cancers and two [32,37] included any type and stage of cancer.

For PRO screening instruments, three studies [32,36,37] used ESAS (Edmonton Symp-
tom Assessment System), one study [37] screened for depression using the 9-item Patient
Health Questionnaire (PHQ-9), one trial [33] employed STAR (Symptom Tracking and
Reporting), one study [34] used items from the NCI’s PRO-CTCAE (Patient-Reported Out-
comes version of the Common Terminology Criteria for Adverse Events) and one study [35]
used the e-FAB (e-follow-up) application. The mode of administration was electronic in all
studies except for those by Patel et al. [36,37], in which the interventions were telephonic.

The meta-analysis considered two additional papers that reported follow-up mortality
data for the two RCTs [38,39]: Basch 2017 [38] reported the results of a preplanned post-hoc
analysis and Denis 2019 [39] described the results of a 2-year follow-up after the study was
stopped early. Overall, 130.094 patients in the intervention arms vs. 129.903 in the control
arms were considered for the meta-analysis, of whom 124,259 (48%) were women.

3.3. Impact of Patient-Reported Outcome Monitoring on Overall Survival

All six studies selected for the systematic review were included in the meta-analysis
as they all reported the necessary raw mortality data. The two non-randomized studies
with historical controls [36,37] (611 patients in the intervention arms vs. 509 patients in
the control arms) reported survival after 1 year as a secondary output, the population-
based retrospectively matched cohort study [32] (128,893 patients in the intervention arm
vs. 128,893 patients in the control arm) analyzed survival up to 5 years as a primary
outcome and the non-randomized controlled study [34] (89 patients in the intervention
arm vs. 115 patients in the control arm) analyzed survival up to 4 years as a secondary
outcome. Two RCTs [33,35] (overall, 501 patients in the intervention arms vs. 386 patients
in the control arms) reported survival results from post-hoc analyses [38,39] as a secondary
outcome with a median follow-up of 7 years and the other reported the results as a primary
outcome after 2 years.

Figure 2 displays the results of our meta-analysis, together with the risk of bias
assessments described in the following section.

Figure 2. A forest plot of the survival pooled effect and a summary of the risk of bias (traffic light
plot and summary bar plot) [32–37].
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All studies except for the first study by Patel et al. [36] demonstrated reductions in
mortality, which were statistically significant in four studies [32–35] with RRs ranging
between 0.49 to 0.79. The pooled mortality outcome after 1 year (the observation timeframe
that was common to all studies) was RR = 0.77 (95%CI 0.76–0.78) as determined using the
common effect model and RR = 0.82 (95%CI 0.60–1.12; p = 0.16) as determined using the
random-effects model. Heterogeneity was statistically significant (I2 = 73%; p < 0.01).

3.4. Quality of Included Studies

In addition to the forest plot, Figure 2 depicts both a traffic light plot showing the risk
of bias judgments for the individual domains for each study and the overall risk of bias and
a summary bar plot showing the cumulative risk of bias percentage for each domain. The
overall risk of bias was judged to be moderate for all studies, except for one of the Patel
studies [36], which was rated as having a serious risk. This was mainly due to selection
bias as the intervention group comprised a higher number of patients with baseline stage
IV disease than the control group. The most frequent problem, which was present in five
out of the six studies (corresponding to a weighted percentage of 78.8%), concerned bias in
the selection of the reported results; specifically, findings on survival were not reported in
detail or only referred to patient subgroups. The reasons for the judgments for each bias
domain are provided in the Supplementary Materials (Table S2).

3.5. Further Analyses

The additional outcomes that were planned in the protocol (disease-free survival,
progression-free survival and event-free survival) could not be measured because they
were not investigated in the included studies.

Since two of the six included studies [34,35] focused on patients with advanced lung
cancer, an exploratory subgroup analysis was performed for this cancer type. The results
are depicted in the Supplementary Materials (Figure S1).

Finally, we carried out a sensitivity analysis, excluding the study with the serious
overall risk of bias [36]. The overall survival determined using the random-effects model
was RR = 0.78 (95%CI = 0.63–0.95; p = 0.02; I2 = 51%; p = 0.08) (Figure S2).

4. Discussion

To our knowledge, this is the first meta-analysis of the effects of PRO monitoring in
oncology practice in terms of overall patient survival. The results seemed to indicate that
monitoring patient-reported outcomes in clinical practice could have a positive impact on
the overall survival of people with cancer. Specifically, our overall estimate indicated an
18% reduction in the risk of death, although this effect was not statistically significant and
adjustment for confounding factors was not possible. Furthermore, we wished to perform a
formal subgroup analysis for lung cancer patients that included multiple studies; however,
the two authors we contacted could not provide us with the necessary data. The exploratory
sub-analysis we were able to perform, which was limited to two studies, suggested that
patients with advanced lung cancer might benefit the most from these interventions.

The systematic introduction of PRO monitoring into clinical practice is often difficult
due to operational and financial barriers to the implementation of these complex inter-
ventions, as well as the uncertainty among physicians regarding their usefulness in actual
practice [3,40]. Therefore, it is important to identify the categories of patients who are most
likely to benefit and consequently focus efforts on these populations [41].

Survival improvements after PRO surveillance are plausible, although the mechanisms
by which this important benefit is achieved remain debatable [12,42]. One hypothesis is
that patient-reported surveillance allows doctors to respond to problems earlier, thus pre-
venting complications, unexpected hospitalizations or the discontinuation of chemotherapy.
Another possibility is that improvements in symptom management may also allow patients
to tolerate their symptoms better and, consequently, benefit from chemotherapy for a
longer time than when receiving usual care. Finally, the systematic collection of PROs can
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support the recognition of problematic symptoms, thus promoting patient empowerment
and self-management.

The results of this work must be interpreted with caution, due to both the lack of
statistical significance of the pooled estimate and the suboptimal quality of the six included
studies (none of which were rated as having a low risk of bias). We also observed an under-
representation of women in three of the studies (Demedts et al. [34] (24%), Denis et al. [35]
(33%) and Patel et al. [37] (41.5%)), as well as the absence of any formal analyses of gender
differences in all studies. Given these limitations, more rigorous research is needed to
consolidate the positive signs yielded by this work.

5. Conclusions

In conclusion, the available evidence was insufficient to draw firm conclusions that
PRO monitoring could extend survival. Further evidence is expected to emerge from
PRO-TECT, a large randomized cluster study that is currently underway in 52 community
oncology practices in the United States of America on 1191 subjects with metastatic can-
cer [43]. The results regarding overall survival as the primary outcome are not yet available.
Therefore, we intend to update this meta-analysis after the publication of those results.

In any case, as indicated in the European guidelines, there is substantial evidence to
support the benefits and feasibility of implementing PROMs in clinical outpatient cancer
care, particularly for patients receiving active therapy or during the observation of therapy
with a high risk of recurrence [41]. Furthermore, routine PRO surveillance could help to
standardize clinical care in a world in which the volume of patients is increasing and ensure
patient engagement during the entirety of their cancer trajectory.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers14215470/s1: Full search strategies and notes on strategy development, Table S1:
Studies excluded after full text review and corresponding reasons, Table S2: Risk of bias summaries
for randomized trials and non-randomized trials of interventions, Figure S1: Subgroup analysis for
lung cancer shown as a forest plot of the survival pooled effect, Figure S2: Sensitivity analysis shown
as a forest plot of the survival pooled effect excluding one study with the overall risk of bias rated
as serious.
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Simple Summary: Quality of life during, and even after, cancer treatment is greatly affected by cancer
symptoms that include pain, fatigue, and changes to mental state and activities of daily living, to name
a few. American Indians living in the Southwestern United States have cancer experiences which may
be different than the general population and have long been understudied. A randomized controlled
trial designed to test the impact of a culturally tailored intervention on the management of individual
cancer symptoms was implemented. Outcomes included improvement in pain, depression, fatigue
and loss of function management in adult American Indians. Study evaluations at post-test show a
significant improvement in scores from pre-test and compared to the control group, demonstrating
increased knowledge levels in managing cancer-related symptoms. Study findings guide researchers
towards a better understanding of the meaning and impact of cancer symptoms for American Indian
cancer survivors, thus their improving care and quality of life.

Abstract: There is limited literature related to culturally embedded meanings of cancer and related
symptoms among American Indians. A culturally appropriate intervention to improve management
of cancer-related symptoms, including pain, depression, fatigue and loss of function, was tested.
Two-hundred and twenty-two adult American Indians with cancer were recruited from eight South-
west sites for a randomized clinical trial. The intervention group received tailored education, a toolkit
with a video, and participated in discussion sessions on cancer symptom management; the control
group received information on dental care. Pre- and post-test questionnaires were administered to
control and intervention groups. Measures included socio-demographics, cancer-related symptom
management knowledge and behavior, and quality of life measures. Male cancer survivors reported
poorer self-assessed health status and lower scores on quality-of-life indicators as compared to female
cancer survivors. Significant improvement was reported in symptom management knowledge scores
following the intervention: management of pain (p = 0.003), depression (p = 0.004), fatigue (p = 0.0001),
and loss of function (p = 0.0001). This study is one of the first to demonstrate a change in physical
symptom self-management skills, suggesting culturally appropriate education and interventions can
successfully enhance cancer-related symptom management knowledge and practice.

Keywords: American Indian; cancer; survivors; symptom management; quality of life; intervention

1. Introduction

Cancer is a chronic illness that places additional demands on cancer survivors and
their families. American Indians and Alaska Natives are at higher risk for some cancers
than the general population. The Centers for Disease Control and Prevention (CDC) reports
that American Indians and Alaska Natives are more likely to be diagnosed with, and
have higher rates of, certain cancers such as lung, colorectal, liver, stomach, and kidney
cancers, than non-Hispanic Whites [1]. Following a cancer diagnosis, treatment can include

Cancers 2022, 14, 4771. https://doi.org/10.3390/cancers14194771 https://www.mdpi.com/journal/cancers
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surgery, chemotherapy and radiation, and American Indian survivors face many addi-
tional challenges in managing their healthcare. In addition to long-term surveillance and
possible additional treatment, survivors contend with serious cancer-related symptoms,
including pain, depression, fatigue, and loss of function. Having adequate skills to respond
to cancer symptoms and implement self-management strategies is an essential part of
cancer survivorship.

The role of self-management of cancer-related symptoms is broader than simply re-
sponding to the physical problems experienced after cancer treatment. Shifting personal
perspectives from illness to wellness reinforces holistic cancer care management. Problem
solving includes the ability to identify the source of a problem and resources needed, and
then acting on the steps needed to improve daily living and thereby quality of life. Main-
taining regular medical appointments and on-going surveillance of pain, fatigue and loss of
function takes organizational skills and follow-through. Recognizing symptoms and seeking
appropriate care is necessary for healthy well-being. Having knowledge of strategies to
improve daily living and communication skills is helpful in the self-management process.

Several studies point to improved quality of life [2,3], health [2,4], and psychological
and emotional well-being [5,6] as essential goals in the self-management process among
cancer survivors. It is also critical that strategies to promote health and wellness are sensi-
tive to survivors’ beliefs and respect cultural traditions. Burnette, Roh, Liddell, and Lee [4]
conducted a qualitative study in South Dakota identifying American Indian women cancer
survivors’ needs and preferences, with a particular emphasis on community supports for
their cancer experience. Participants identified a need for more community-based support
systems and infrastructures to ameliorate the cancer survivor experience. The need for
an improved healthcare system that included the integration of spirituality and holistic
healing options was emphasized. Recommendations for a community approach to raise
awareness, education, and support for American Indian cancer survivors was provided.

Education and supportive interventions by healthcare providers, as well as family and
caregivers, can also improve the skills and confidence needed to manage cancer-related
symptoms [7–9]. Educational information can be readily obtained at various clinics and
non-profit agencies, such as the American Cancer Society. The Indian Health Service also
provides pamphlets and videos on cancer screening and cancer care. Encouragement and
practical support through needed transportation and daily living tasks can be instrumental in
survivors’ ability to accept and adopt the needed skills to manage cancer-related symptoms.

Despite cancer rates being twice as high for liver cancer (18.1 vs. 7.1/100,000) and near
double for stomach and kidney cancers in American Indians compared to non-Hispanic
Whites [10], there has been limited scholarly literature, as well as understanding, re-
lated to culturally embedded meanings of cancer and related symptoms among American
Indians [11,12]. By listening to individual and family cancer experiences and building on
everyday cultural values and strengths of a community, effective cancer-related interven-
tions that are relevant and culturally appropriate may be developed.

This paper reports on a randomized control trial (RCT) designed and coordinated to
test a culturally sensitive intervention targeting knowledge and strategies to help American
Indian cancer survivors and their families/caregivers to better manage cancer-related
symptoms. The aim of the study was to explore the cancer experience and barriers to the
management of pain, depression, fatigue and loss of function among American Indians
residing in the Southwestern United States. Native language and cultural differences
in project educational materials and skill building curriculum, as well as in the study
instruments, was respected and incorporated. Improving communication about treatment
with healthcare providers, such as asking focused follow-up questions and recording
easily forgotten information and instructions at medical visits, was one of many key
study intervention strategies emphasized in this research intervention curriculum. This
study postulated that good communication between patient and provider would facilitate
improved cancer knowledge and improved treatment compliance.
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The study was carried out over a seven-year period, from project planning, design
and coordination to implementation and evaluation. The study was organized into the
following three phases: 1. Interviews, 2. Focus Groups, and 3. Intervention Testing. This
paper reports on findings and implications from the intervention (Phase 3).

2. Materials and Methods

Interested tribal councils and health clinics provided written approvals for research
in their communities. Institutional Review Board (IRB) approvals were obtained at the
beginning of the study from the University of California, Los Angeles and from the Phoenix
Area Indian Health Service. Figure 1 illustrates the study design.

Figure 1. Flow diagram of study design.

2.1. Participant Recruitment

Recruitment efforts consisted of community flyers and notices placed in Tribal/Indian
Health Service clinics, and word-of-mouth recruitment lasted two months. The flyers and
notices included a description of the project and the contact telephone number and e-mail
for those who had questions or who wished to enroll in the study. Participant eligibility
criteria (American Indian, age 18 and older, diagnosed with cancer by a medical provider,
and resident of the state of Arizona) and the location where the scheduled educational
sessions would be held was included. Identified key staff at the clinics/hospitals assisted
in distributing the announcements and signing up the interested participants. Project staff
made regular visits to sites to register eligible participants into the intervention phase and
to read and administer the active consent forms. Three hundred individuals responded to
the recruitment efforts and 222 met the study criteria and participated in the intervention
phase of the study. Assignment to the Intervention and Control groups were by random
assignment using a computerized random assignment program.

The project’s educational “toolkit” that served as the study intervention was comprised
of culturally sensitive materials. The Toolkit titled, “Weaving Balance Into Life,” incor-
porated American Indian values of health and balance into self-management of the most
common and debilitating cancer symptoms [13]. In addition to increasing knowledge about
cancer itself and productive strategies for relieving symptoms, educational targets also
included approaches for building support and reducing communication barriers among
caregivers and “Western” healthcare providers. The tools also included resource materials
and culturally appropriate instruments for measuring symptoms that intended to improve
American Indian knowledge of, and access to, local cancer symptom management services.
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Toolkit development incorporated important themes and findings gleaned from qual-
itative analysis of interview and focus group transcripts from prior phases of this study.
The intervention toolkit, developed to be informative and culturally appropriate, used
Southwest Native imagery and themes, including American Indian healing practices and
spirituality. The toolkit components included a Cancer Symptom Management educational
video, a Cancer Symptom Management Guide (six chapters, skills building exercises, and
a glossary), a Cancer Resource Directory (contact information for resources by region),
Talking Circle Curriculum Slides and “Fact Sheet” review handouts, along with a journal,
pen, post-it pad, and a hand-held back massager. The Cancer Symptom Management
video reinforced American Indian survivors’ stories about their cancer diagnosis experi-
ence, management of cancer-related symptoms, and recommendations to others on health
and wellness. American Indian survivors participated in the storytelling phase of the
video—cultural advisors from Southwestern tribal groups reviewed and enhanced cultural
appropriateness of the study materials. Emphasis for curriculum development was drawn
from the needs and desires of the target audience, with goals to improve management of
individual symptoms, as well as increase survivor advocacy in healthcare settings [14].

The Intervention was tested at eight locations: four urban sites and four reservation
locations. Study participants were randomly assigned to intervention or control groups
with the pre- and post-test questionnaires gathered 8 weeks apart.

2.2. Intervention Group

The intervention group received the educational curriculum, cancer information and
instruction on how to self-manage cancer symptoms. Participants met weekly at a series
of one to one and one-half hour meetings comprised of 15–20 members who met for two
months (total of 8 sessions). The meetings were held in a “Talking Circle” format where
participants and the facilitator sat in a circle and participants took turns responding to the
weekly topic. Seated in a circle, no particular individual is at the head leading the topic,
thus all members have equal weight in the discussion of cancer-related matters. At the first
session, the trained American Indian facilitator introduced the project and each participant
read and signed a consent agreement and completed the 60-minute pre-test questionnaire.
Educational materials and a new toolkit chapter were delivered at the subsequent six
intervention Talking Circle sessions. The post-test questionnaire was administered at the
8th session. The intervention facilitators discussed with participants a brief lesson following
a curriculum guide. Participants then took part in discussions to share and discuss the
curriculum information. Participants were encouraged not to use their real names and
asked not to discuss personal details about other participants outside of the sessions in
order to protect their confidentiality. Each week participants received a new educational
component to build their toolkit. All Talking Circles were audiotaped to ensure that the
lessons were being taught in a standard manner and to capture important themes that were
discussed. A research moderator and an assistant monitored the tape recorder while taking
any necessary notes. All moderators received training in focus-group implementation in
American Indian populations. Refreshments were offered to participants, as is the custom
at American Indian gatherings. Participants received a gift card for travel and other costs
associated with participating in the sessions. At the last session, the post-test questionnaire
was administered (session 8) and participants received a certificate of completion.

2.3. Control Group

The control groups met for the pre-test questionnaire and received information on
dental care at their initial visit. The control groups’ post-test questionnaire was adminis-
tered at week 8. At the end of the project, all participants in the control arm received all
toolkit materials.
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2.4. Measures
2.4.1. Demographic Characteristics

Measures included age, gender, tribal affiliation, degree of Indian blood (reported as
25%, 50%, 75%, or 100%), language (English, Spanish, or tribal language), marital status,
number of household members (children and adults), and educational attainment (high
school degree and above vs. fewer years of education).

2.4.2. Cancer History

Participants were asked if they have ever been told by their healthcare provider that
they have cancer, the type of cancer (e.g., sarcoma or carcinoma), location of where the
cancer was found (e.g., breast, colon, etc.), if they were being treated (currently or in the
past) and type of treatment (chemotherapy, radiation, surgery, traditional method, other).

2.4.3. Cancer Symptoms

Participants were asked if they experienced pain, depression, fatigue, or loss of func-
tion due to their cancer. They were asked to describe the experience (type of pain, depres-
sion symptoms, fatigue and limitations in activities of daily living due to their cancer such
as mobility, work, social events, and self-care). They were asked what medicines they took
for the treatment of symptoms and what they felt worked. They were also asked if they
talked to their healthcare providers and/or their family about their symptoms.

2.4.4. Knowledge and Behaviors

Knowledge level of skills needed to manage cancer-related symptoms was measured
via a series of true and false questions. Participants were asked if they felt they had or
acquired the skills needed to manage cancer-related symptoms.

2.4.5. Quality of Life

Participants were asked about their daily life activities and ability to function, and
the impact cancer and cancer treatment had on their lives. Five domains were measured:
mobility, self-care, ability to perform usual activities, pain or discomfort, and depression.

3. Results and Discussion

Table 1 reports on the participant baseline characteristics. Two hundred and twenty-
two participants enrolled in the study. The study sample was heavily skewed toward
females with only 30% representing males—a common occurrence in cancer survivorship
studies with Indigenous peoples [11]. The mean age was 43 years. About sixty-three percent
of participants had less than a high school education, and the majority were unemployed
and not in a relationship.

Table 1. Baseline characteristics (N = 222).

Characteristics Overall (n = 222) Intervention (n = 151) Control (n = 71) p-Value

(Mean/SE) (Mean/SE) (Mean/SE)

Age 42.58 (15.68) 42.12 (15.88) 43.68 (15.28) 0.47

% % %

Gender
0.11Male 29.86 26.49 37.14

Female 70.14 73.51 62.86

Education
<0.0001<HS degree 63.06 72.19 43.66

≥HS degree 36.94 27.81 56.34
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Table 1. Cont.

Characteristics Overall (n = 222) Intervention (n = 151) Control (n = 71) p-Value

(Mean/SE) (Mean/SE) (Mean/SE)

Marital Status
0.01Currently married 34.93 29.08 47.06

Divorced/Separated/Widowed/Single 65.07 70.92 52.94

Employed
0.008Yes 31.53 25.83 43.66

No 68.47 74.17 56.34

Cancer Diagnosis and History

Type of Cancer (n = 50)
0.29Sarcoma 8.00 96.67 85.00

Carcinoma 92.00 3.33 15.00

Currently being treated (n = 187)
0.85Yes 55.61 56.10 54.69

No 44.39 43.90 45.31

Type of treatment
Chemotherapy 30.18 24.50 42.25 0.007
Radiotherapy 13.96 14.57 12.68 0.70

Surgery 11.26 11.26 11.27 1.00
Traditional method 3.15 1.99 5.63 0.21

Other 7.66 8.61 5.63 0.59

3.1. Cancer Diagnosis and Treatment

The most common type of cancer diagnosed among males was prostate (10.0%),
followed by colon/rectal cancer (7.1%), then stomach (2.9%) and lung cancer (2.9). Females
reported diagnoses of breast cancer (10.6%), followed by ovarian (2.5%), colorectal (1.9%)
and kidney cancer (1.9%). Forty-two percent of males and 53.7% females were currently
being treated for their cancer. Thirty percent of participants reported that they were treated
with chemotherapy for their cancer and 92% were being treated for carcinomas (Table 1).
Although 75.0% of males and 62.3% of females received treatment for cancer in the past,
the majority of participants (55.6%) were in the mist of treatment for their cancer; 40%
of males reported having had surgery and 41% of females reported radiotherapy as the
primary treatment they were undergoing for their cancer at the time of the questionnaire.
Only about 3% of the study population reported use of traditional methods (such as
healing ceremonies, herbal medicines, and traditional diets) for treatment of their cancers,
though which methods were used by participants was not characterized in this study. It is
noteworthy that, increasingly, Indigenous cancer survivors have derived perceived cultural,
spiritual, and emotional benefits from its use in coping and healing from cancer [15,16].

3.2. Health Status/Quality of Life at Baseline

Information on the health status and quality of life of cancer survivors is important
in that it provides useful information about their ability to function in areas of mobility,
self-care, daily activities, and during episodes of pain and depression. Pre-test results
demonstrate that male cancer survivors report poorer self-assessed health status and lower
scores on quality-of-life indicators as compared to female cancer survivors. For instance,
more males (31.6%) than females (24.3%) reported poor physical health interfered with
their normal social activities with family, friends, neighbors or groups “quite a bit” (during
the past 4 weeks). In addition, more males than females (47.4% vs. 16.2%) reported mobility
problems and “difficulty performing work or activity,” and “accomplished less than you
would like” (47.4% male and 40.5% female). Although more females than males reported
that they suffered from cancer-related pain (2/3 of females and half of males), in the area
of emotional health (depression), male survivors reported their emotional health was

70



Cancers 2022, 14, 4771

currently “much worse” (10.5%), which was almost four times that reported by female
survivors (2.7%). Loss of function experienced may have contributed to male survivors’
lower scores in emotional health and poor physical health that interfered with normal
social activities. Further, it must be acknowledged those who have a holistic view of health
and wellness that encompasses a balance of one’s physical, spiritual, emotional, as well
as mental well-being may perceive their health differently than those who place more
emphasis on physical health alone.

3.3. Cancer Symptoms
3.3.1. Pain

Pain is a prevalent symptom in cancer survivors and impacts thinking, concentration,
and activities of daily living [17]. In a meta-analysis of 122 studies reporting cancer pain
prevalence in adults, rates of pain were 39.3% after curative treatment; 55.0% during
anticancer treatment; and 66.4% in advanced, metastatic, or terminal disease; additionally,
moderate to severe pain was reported by 38% of all patients [17], indicating a need for
improved pain management. This study found that the majority of cancer survivors
(67.5% females vs. 49.2% males) suffer from pain due to their cancer experience. The onset
of painful episodes occurred before, during, and even after remission, either as a result of
the cancer itself or due to the cancer treatment. Although the majority of survivors were
prescribed pain medication by their healthcare providers (71.5% females vs. 59.7% males),
many survivors did not take pain medication as prescribed due adverse side effects of
nausea/drowsiness and fear of becoming addicted to the medication (44.4% females and
39.7% males). Cancer survivors reported that they were generally instructed by their
healthcare provider on how to manage or control their pain and that their providers
reportedly addressed concerns about the side effects of the pain medication. However,
overall, only 49.1% (54.4% females and 37.1% males) had ever been told how to manage
pain at time of pre-test. Further, less than one-half (47.5% vs. 42.9% males) reported that
they actually knew how to manage their pain. Additionally, at pre-test, 85% females and
68.6% males reported they would like to learn how to manage pain. At pre-test, more
than one-half of survivors felt that they would not be able to control (manage) their pain
(58.6%). This improved to 29% at post-test (p = 0.09). In addition, 67.9% of survivors
reported at post-test that they now knew how to manage their pain, a significant increase
as compared to the control group (p = 0.003). In addition, there was a reduction at post-test
of those who reported, “there will always be pain with cancer,” as compared to the control
group (p = 0.002).

3.3.2. Depression

Depression is a common symptom of cancer with pooled prevalence estimates of
8–48% survivors affected that differ based on cancer treatment phase, type of cancer and/or
location of tumor, and type of instrument used [18]. The risk for depression far exceeds that
found in the general population, with odds being five times higher in cancer survivors [19].
Since it may resemble neurovegetative symptoms, including sleep disturbance, fatigue,
and loss of appetite, a depression diagnosis may often be overlooked, especially in the
context of busy oncology units where clinicians are not often skilled at diagnosing mental
illness and survivors are reluctant to talk about their emotional health [20]. Depression
may extend far beyond cancer treatment [18,21,22], making self-management skills even
more important for improving quality of life during survivorship. Many participants in
this study were hesitant to discuss having depression themselves, although they felt more
comfortable calling it “the blues.” Acknowledging that depression can exist during various
times during cancer treatment, as well as during post-treatment, and understanding that
depression is treatable is important for survivors and their families. At pre-test, the majority
of participants (69% females and 66.2% males) reported that they feel depressed or “get
the blues” “now and then.” Sixteen percent of females and 11.6% of males were currently
being treated for depression in the form of medication (14.4% females and 10% males)
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or counseling (6.9% females and 57% males). However, less than half of the survivors
(42.5% females and 38.6% males) had been told how to manage their depression or how to
manage their life around their medication’s side effects (76.7% males and 57.3% females).
As a result, 20.5% had concerns about the side effects of medication used to treat depression.
A large percentage of participants (78%) reported at pre-test that they would like to learn
how to manage their depression (88.2% females and 68% males). Following the intervention,
post-test results showed that a significant increase was reported among participants who
now knew how to manage their depression (p = 0.004), as compared to the control group.
This was an increase in knowledge levels from 36.1% at pre-test to 66.4% at post-test.

3.3.3. Fatigue

Feeling fatigue means being so tired that it interferes with daily activities. Cancer-
related fatigue is a very common symptom of cancer before, during, and following cancer
treatment and it can affect survivors for long periods of time, yet it can go underrecog-
nized [23]. A meta-analysis of 129 studies dating back to the year 1993 estimated prevalence
of fatigue to be 49% in patients with cancer, with major differences related to type of cancer,
cancer stage, and gender [24]. Understanding that fatigue is a cancer symptom which
can be managed is an important message for the survivor, as well as family members and
caregivers who often have to adjust their roles in response. Gaining a better understand-
ing that fatigue is a legitimate cancer and treatment symptom and gaining strategies to
manage fatigue were learning goals for the project’s participants. At pre-test, a majority of
participants reported experiencing some fatigue. Less than half of survivors (38.8% females
and 30% males) reported knowing how to manage their fatigue and more females than
males (41.9% vs. 27.4%) reported that they had been told how to manage fatigue time of
pre-test. A large majority (68.1% females and 60% males) reported ever having thought
about managing fatigue, and an even larger majority (86.3% females and 68.6% males)
reported they would like to learn how to manage their fatigue. At post-test, a statistically
significant increase was reported among those participants who now knew how to manage
their fatigue (67.2% post-test vs. 32.5% pre-test; p = 0.0001). The control group reported no
change in knowing how to manage their fatigue.

3.3.4. Loss of Function

Many cancer survivors report loss of physical functions due to the cancer itself and/or
due its treatment, with older survivors experiencing greater losses [25]. Loss of function (in
all or part of the body) is a common symptom that cancer survivors face and substantially
impacts their quality of life. Functional limitations may come about shortly after treatment
initiation and resolve at its completion, but others may last for years [26]. Irrespective of
onset, functional limitations may affect one or more systems, including cardiovascular,
pulmonary, and musculoskeletal, and may include additional symptoms, such as periph-
eral neuropathy, pain, fatigue, and sleep disturbances [26]. Common musculoskeletal
limitations include the ability to walk (partial or full loss), weakness in arms and legs, and
inability to easily lift articles, as well as sensory limitations, such as in hearing and sight,
and cognition loss in area of memory. There is a known link between functional decline
and caregiver dependency, impaired quality of life, comorbidity burden and increased
mortality [25]. Early detection and use of evidence-based interventions may partly miti-
gate risk of functional decline in cancer survivors [25]. Learning how to manage loss of
function during daily activities was a learning goal of this project. At pre-test, one-third
of participants reported that they knew how to manage loss of function (31.3% females
and 32.8% males). In addition, about a quarter of males (28.6% vs. 40% females) had been
told how to manage loss of function due to cancer. A majority of participants reported
that they had ever thought about managing loss of function, and at pre-test 87.5% females
and 71.4% males reported that they would like to learn how to manage loss of function. At
post-test, a statistically significant increase was reported among those participants who now
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knew how to manage their loss of function (61.9% post-test vs. 28.5% pre-test; p = 0.0001).
The control group reported no change in functional status.

3.4. Knowledge and Symptom Control

Low pre-test scores largely improved at post-test in the intervention group and com-
parisons with the control group scores showed significant improvement in scores in all
targeted categories. This was observed in the survivors’ level of knowledge and perceived
ability to control their cancer-related pain, knowledge of depression symptoms, and per-
ceived ability to adopt recommended skills in managing depression, fatigue and function.
Participant scores improved greatly at post-test among participants who reported that
they now knew how to manage their cancer-related symptoms. Statistically significant
improvement in scores when intervention groups were compared to the control groups
was found in the areas of cancer pain, depression, fatigue and loss of function (see Table 2).

Table 2. Pre-test–Post-test knowledge changes.

Symptom Measure p-Value

Pain

At post-test 67.9% of participants
reported that they now knew how to

manage their pain, a significant increase
compared to the control group.

0.003

Depression

At post-test, participants knew how to
manage depression as compared to the
control group. This was an increase in

knowledge levels from 35.1% at pre-test
to 66.4% at post-test.

0.004

Fatigue

A statistically significant increase was
reported at post-test among those

participants who now knew
how to manage their fatigue

(67.2% post-test vs. 32.5% pre-test). The
control group reported no change.

0.0001

Loss of Function

At post-test, a statistically significant
increase was reported among participants

who now knew how to manage
their loss of function

(61.9% post-test vs. 28.5% pre-test). The
control group reported no increase.

0.0001

4. Conclusions

This intervention project, designed to increase the ability of American Indian cancer
survivors to better manage cancer-related symptoms such as pain, depression, fatigue and
loss of function, improves communication with health care providers, thereby improving
cancer survivors’ quality of life. The Cancer Symptom Management Toolkit was designed
specifically for American Indian cancer survivors and their caregivers, and was shaped by
participants in earlier phases of the study. The intervention curriculum promoted culturally
guided self-management strategies for cancer survivors and, in addition, provided care-
givers with tangible ways to offer support to their loved ones. Study outcomes document
the intervention was successful in improving knowledge and perceived skills/strategies in
the management of all tested domains of cancer-related symptoms.

When examining pre-test scores, the survivors’ responses to pre-test questions present
a picture of cancer survivors who had little prior knowledge of cancer-related symptom
management, and had limited instruction in pain, depression, fatigue or loss of function
management. Survivors reported daily pain and episodes of depression experienced from
diagnosis to treatment and beyond. More than one-half to two-thirds of participants
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suffered from cancer-related pain, yet the majority of survivors who reported that they
were prescribed pain medication would take it only during the most painful episodes.
They indicated fear of side effects from both of their medications used to treat pain and
depression, as well as a fear of addiction to pain medications. Additionally, little was known
by participants about pain control and depressive symptoms and the ability to manage
or control these symptoms. As to fatigue experiences, most cancer survivors experienced
some cancer-related fatigue, however, over one-half had never thought about their ability
to manage their fatigue.

Interventions to improve knowledge and cancer symptom management skills and
strategies contribute toward improving quality of life during cancer survivorship journeys.
Developing relevant, culturally appropriate, effective cancer-related interventions to meet
the needs of a diverse set views of health and wellness amongst Indigenous peoples con-
tinues to be needed [11,27,28]. A large majority of interventional studies in cancer with
Indigenous survivors have shown positive effects on study outcomes, including increasing
cancer knowledge, social and spiritual support, cancer service access and communication,
yet ours may be the first to demonstrate a change in physical symptom self-management
skills [11]. In this study, significant improvement in all targeted domains of cancer symp-
tom management was achieved. This was observed through survivors’ level of knowledge
and perceived ability to manage their cancer-related pain, knowledge of depressive symp-
toms and perceived ability to adopt recommended skills in managing depression, fatigue
and function.

The findings from this study guides researchers and healthcare providers towards a
better understanding of the meaning and impact of cancer symptoms among American
Indian cancer survivors. As others have observed [15,28–30], during this project, this study’s
findings found that American Indians in the Southwest experienced late diagnosis of their
cancer all too often, leading to late-stage cancer at diagnosis and therefore poorer prognoses.
In addition, once diagnosed, many cancer survivors lacked effective self-management
strategies for the commonly experienced symptoms of pain, fatigue, depression and loss
of function. Results from this study demonstrate the impact of the culturally appropriate
use of the Talking Circle and toolkit intervention on participants’ knowledge, attitudes,
and ability to manage common cancer symptoms. Moreover, participant satisfaction with
materials and experience with the Talking Circles curriculum was very high, with multiple
indications for the need to expand the project’s reach beyond the study. There are some
limitations to this study; for example, the findings of the study may not be generalizable to
American Indians living outside of the Southwest, and may not extend to all males since the
majority of the study’s participants were female. Participant bias may have affected study
data. In addition, the toolkit, which was specifically tailored for Southwestern American
Indian cultural preferences, would require adaptation in order to be appropriate for other
American Indian communities.
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Simple Summary: In recent years, there have been relevant advances in the use of surgery, radiation
therapy, and chemotherapy for the treatment of malignant tumors of the head and neck. Extensive
tumor resection and radical radiotherapy frequently result in altered form and function of orofacial
structures that can severely impact the patient’s quality of life. This study reports the benefits obtained
with the injection of autologous fat to correct the deformities and improve functionality in a series of
40 patients who have been treated for head and neck cancer. Esthetic improvement was obtained
in 77.5% of patients and functional improvement in 89.2%. In addition, there was a high degree of
satisfaction regarding esthetic improvement and 92.5% of patients would recommend the procedure
to other patients in the same situation. The injection of autologous fat is an effective procedure for
the management of sequelae of head and neck cancer treatment.

Abstract: A single-center retrospective study was designed to assess the outcomes of autologous fat
grafting for improving surgery- and radiotherapy-related sequelae in 40 patients with head and neck
cancer. All patients underwent surgical resection of primary tumors and radiotherapy (50–70 Gy)
and were followed over 12 months after fat grafting. Eligibility for fat grafting procedures included
complete remission after at least 3 years of oncological treatment. The cervical and paramandibular
regions were the most frequently treated areas. Injected fat volumes ranged between 7.5 and 120 mL
(mean: 23 mL). Esthetic improvement was obtained in 77.5% of patients, being significant in 17.5%,
and functional improvement in 89.2%, being significant in 29.7% of patients. Minor complications
occurred in three patients. There was a high degree of satisfaction regarding esthetic improvement,
global satisfaction, and 92.5% of patients would recommend the procedure. This study confirms the
benefits of fat grafting as a volumetric correction reconstructive strategy with successful cosmetic
and functional outcomes in patients suffering from sequelae after head and neck cancer treatment.

Keywords: autologous fat grafting; head and neck cancer; radiotherapy; reconstruction; sequelae;
quality of life

1. Introduction

Head and neck cancer represents the seventh most common cancer worldwide, with
1.1 million new diagnoses reported annually [1,2]. However, there is a substantial geo-
graphical variation in the incidence and anatomical distribution of tumors, predominantly
attributed to differences in smoking and alcohol consumption, steady increase in human
papillomavirus-related cancer, genetic predisposition, or exposure to ionizing radiation,
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which are known to play an important role in the pathogenesis of the disease [3,4]. Radia-
tion therapy, surgery or both combined and chemotherapy are currently available standard
therapeutic strategies but are often prioritized differently depending on the site of tumor
origin, histological diagnosis, tumor burden, quality of life considerations, patient prefer-
ence, or hospital characteristics with the availability of specialized multidisciplinary care
teams [5,6].

Advances in surgery, radiation therapy, and chemoradiotherapy have improved lo-
coregional control and survival, but the outcomes of these treatment modalities have
incorporated preservation and restoration of function in the focus of radical ablation and
curative efforts [7]. However, despite improvements in the multimodal treatment approach
aimed at decreasing cosmetic and functional deficits with resultant psychological, physical,
and nutritional detriments [8,9], management of sequelae following treatment of head and
neck cancer, particularly in patients with locally advanced tumors, still remains a challenge
difficult to solve in daily practice [10,11].

Fat grafting, also referred to as fat transfer or fat injections, dates back to 1893 when
Neuber first described the technique and reported successful outcomes after transplanting
fat beneath atrophic scars [12]. Structural autologous fat grafts for the enhancement of
facial contours were proposed by Coleman in 1997 [13] and the Coleman’s lipostructure
technique became subsequently recognized as a standard procedure for fat transfer [14,15].
In recent years, autologous fat grafting has been described by different authors as a very
useful tool to improve residual esthetic and functional deformities after head and neck cancer
treatment, and for its ability to correct volumetric defects and regenerative properties [16–19].
A systematic review and meta-analysis of 52 studies with 1568 patients confirmed that
autologous fat transfer is an effective technique in facial reconstruction surgery with a low
rate of minor complications [20].

The purpose of this study was to evaluate esthetic and functional outcomes as well
as patients’ satisfaction and complications associated with autologous fat grafting in the
context of integral management of head and neck cancer patients.

2. Materials and Methods

2.1. Design and Study Population

A retrospective study was made of all consecutive patients who required autologous
fat grafting procedures between January 2010 and January 2019 at the Service of Oral and
Maxillofacial Surgery of Hospital Universitari Vall d’Hebron, in Barcelona, Spain. Fat
grafting was indicated for the treatment of sequelae associated with any form of therapy
of head and neck cancer. Inclusion criteria were history of head and neck cancer treated
with surgery, radiation therapy, or chemotherapy followed by duration of complete clinical
remission of at least 3 years; presence of severe or very severe esthetic defects and/or loss
of skin flexibility, and severe or very severe dysphonia, dysphagia, alteration in head and
neck mobility, and alteration in swallowing or chewing, corresponding to scores 3 or 4 of
esthetic and/or functional evaluation of the scoring method described by Pulphin et al. [21];
good health, as confirmed by preoperative work-up studies; and signed informed consent.
Patients previously treated with fat infiltration procedures or with insufficient fat tissue
deposits for fat transfer were excluded from the study, as were those expected to have poor
adherence to follow-up visits scheduled for at least 12 months after the intervention, and
ineligibility as judged by the investigators.

The study protocol was approved by the Clinical Research Ethics Committee of Hospi-
tal Universitari Vall d’Hebron (code PR (ATR) 57/2016, approval date 26 February 2016)
(Barcelona, Spain). Written informed consent was obtained from all participants.

2.2. Fat Grafting and Surgical Procedure

The available fat deposits were evaluated, and the donor site was selected with consent
from the patient. Fat harvesting was performed under general anesthesia or local anesthesia
with intravenous sedation, and the patient was in the supine position. Ten minutes before
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liposuction, abdominal infiltration was performed through a 2–3 mm incision puncture
at the level of both flanks or in the umbilical region, using a modified Klein solution
(500 mL Ringer lactate) with 0.5 mg epinephrine, and adding 1% lidocaine for patients
under sedation. Harvesting was performed through the same infiltration incisions using
a liposuction cannula (COL-ASP15, 3 mm × 15 cm, Byron Medical Inc., Tucson, AZ,
USA or COL-KHU12 Mitmed®, 3 mm × 20 cm, Surgest Medical, Sant Cugat del Vallès,
Barcelona, Spain) connected to a 10 mL Luer-Loc syringe, by firm and regular back-and-
forth movements under low negative digital pressure until the syringe was filled. Then, fat
was purified either by the centrifugation method described by Coleman [22] (3000 rpm for
3 min) (Medigraft-BL® Centrifuge, Surgest Medical) or washing and filtration using the
Puregraft system (Cytori Therapeutics, San Diego, CA, USA).

The graft was injected in small amounts, separated between them in order to obtain a
better vascularization and therefore longer graft survival, slowly and without overcorrec-
tion, from the deep to the superficial cutaneous tissue using an atraumatic cannula (7–9 mm
long, 16G, types I-III COL-19, Byron Medical, COL SPA9), creating multiple tunnels in a
fan-like fashion following the recommendation of Coleman [22]. An abdominal bandage
was applied for 48 h and substituted with an abdominal belt for the following 7 days.
Amoxicillin–clavulanic acid (500/250 mg), 1 tablet every 8 h, was administered during the
first 7 days after the procedure.

2.3. Evaluation and Follow-Up

Patients were visited postoperatively by the same investigator (J.M.-G.) after 1 week of
fat grafting and at 1, 3, 6, and 12 months thereafter. At each visit, patients were questioned
and underwent a physical examination to assess the evolution of the graft and the eventual
appearance of early or late complications. Twelve months after fat grafting, esthetic and
functional results were evaluated using a 4-point scale described by Pulphin et al. [21],
including no esthetic or functional problems (score 0), and esthetic defects and/or loss of
skin flexibility and functional alterations of dysphonia, dysphagia, neck/head mobility
or swallowing or chewing scored as 1 = slight, 2 = moderate, 3 = severe, and 4 = very
severe. Improvement was defined in the presence of a postoperative score lower than the
preoperative score, and significant improvement was defined if the postoperative score
was 2 or more points lower than the preoperative score. The severity of complications was
classified according to the Clavien–Dindo classification system [23].

Also, after 12 months of fat grafting, the patient’s satisfaction regarding esthetic
improvement was evaluated on a scale of 0 to 10 (0 = nothing, 10 = maximum satisfaction)
and the overall satisfaction with treatment according to responses to the following four
questions: “What is the degree of satisfaction with the treatment received?”, “Do you consider that
you have received sufficient and clear information?”, “Did the treatment meet your expectations?”,
and “In case you request an advice, would you recommend this treatment to another patient in the
same conditions?” using a 4-point Likert scale (1 = nothing, 2 = little, 3 = quite a lot, 4 = a
lot/very much).

2.4. Statistical Analysis

Descriptive statistics were calculated and presented as frequencies and percentages for
categorical variables, and as mean and standard deviation (SD) for continuous variables.

3. Results

The study population included 40 patients, 26 men and 14 women, with a mean age of
60.5 years (range 32–86 years). Complete data at the 12-month follow-up visit were obtained
in all participants. Squamous cell carcinoma of the oral cavity was the most frequent
primary tumor (n = 25, 62.5%) followed by a malignant tumor of the salivary glands
(n = 7, 17.5%). All patients underwent radical surgery of the neoplasms and radiotherapy
(50–70 Gy), and 23 of them (57.5%) received chemotherapy. Reconstruction procedures
using different types of flaps were performed in 27 (67.5%) patients using microsurgical
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free fibula flaps in most of them. All patients presented with esthetic sequelae, including
scarring, cervicofacial asymmetry, and cutaneous fibrosis. Limitations of neck movements,
trismus, and dysphagia were the most frequent functional sequelae.

The abdominal region was the donor site for fat grafting in all patients. The manual
low pressure aspiration technique was used to obtain the fat graft in all cases using a 10 mL
syringe with Luer-Loc connection and COL-KHU12 Mitmed®, 3 mm × 20 cm liposuction
cannula. Regarding the processing method, the centrifugation method following Coleman’s
recommendations [22] was used in the first series of 16 patients, and the filtration processing
system was carried out using the Puregraft device in the remaining 24. In all patients,
infiltration was performed following the Coleman technique [22].

Fat grafting was mostly performed under general anesthesia, with sedation and local
anesthesia in only three patients. The cervical and paramandibular regions were the most
frequently treated areas, with injected fat volumes ranging between 7.5 and 120 mL (mean:
23 mL). The length of surgery varied between 45 and 180 min, with a mean of 89 min.
No intraoperative complications were recorded, and all patients were discharged within
24 h after the procedure. Minor complications occurred in three patients (7.5%) with
abdominal pain, seroma, and lingual paresthesia in one patient each, and they resolved
spontaneously. All these complications were classified as grade I of the Clavien–Dindo
classification system [23].

Esthetic improvement was obtained in 31 patients (77.5%), being significant in 7 of
them (17.5%). In relation to functional alterations, there were three patients who scored
0 preoperatively. In the remaining 37 patients, functional improvement was found in 33
(89.2%), being significant in 11 of them (29.7%). One of the most widespread findings in the
treated patients was clinical improvement in the quality of irradiated skin on the neck or
face, with apparent improvement in blood supply, skin smoothness, function, and elasticity.
The analysis of graft stability was performed clinically by evaluating the patient and
analyzing the photographic documentation, showing a progressive volumetric decrease
close to 50% of the injected volume in all patients. Details of treatment characteristics and
outcome of the study patients are shown in Table 1. Figures 1–5 show some representative
cases. Postoperative photographs of these patients were obtained between 6 and 12 months
of follow-up after the fat grafting procedure.

Esthetic improvement evaluated by the patients showed a mean (SD) score of 7.03 (1.83)
and a mean satisfaction with treatment of 3.05 (0.68). In addition, 37 patients (92.5%) would
recommend treatment with autologous fat grafting to other patients in a similar situation.

After 12 months of follow-up of autologous fat grafting, two patients died; the causes
of death were a new lung cancer and heart disease, respectively. Recurrence of the primary
head and neck cancer occurred in three patients, but in all cases, the site of recurrence was
far from the fat infiltrated area.
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Figure 1. A 59-year-old male patient treated with left segmental mandibulectomy and microsurgical
reconstruction with a microsurgical fibula flap, ipsilateral cervical lymph node dissection, and
postoperative radiotherapy at a dose of 66 Gy for a squamous cell carcinoma of the left alveolar crest.
He was treated with autologous fat grafting in the paramandibular and cervical regions with a total
of 24 mL of fat (left). The postoperative photograph at follow-up shows the improvement of the
paramandibular and cervical deformity (right).

 

Figure 2. A 71-year-old female patient treated with right buccal mucosa excision, and postoperative
radiotherapy at a dose of 66 Gy for an oral squamous cell carcinoma. She was treated with autologous
fat grafting in cheek and cervical regions with a total of 23 mL of fat (left). The postoperative
photograph at follow-up shows the improvement of the facial and cervical deformity (right).
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Figure 3. A 54-year-old male patient treated for left segmental mandibulectomy and microsurgical
reconstruction with a microsurgical fibula flap, ipsilateral cervical lymph node dissection, and
postoperative radiotherapy at a dose of 64 Gy for a squamous cell carcinoma of the left alveolar crest.
He was treated with autologous fat grafting in the paramandibular and cervical regions with a total
of 23 mL of fat (left). The postoperative photograph at follow-up shows the improvement of the
paramandibular and cervical deformity (right).

 

Figure 4. A 71-year-old female patient treated for right buccal squamous cell carcinoma with local
resection and ipsilateral radical cervical lymph node dissection and postoperative radiotherapy at a
dose of 66 Gy for a squamous cell carcinoma. She was treated with autologous fat grafting in the
right cervical region with a total of 23 mL of fat (left). The postoperative photograph at follow-up
shows the improvement of the paramandibular and cervical deformity (right).
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Figure 5. A 43-year-old male patient treated for an intraosseous carcinoma of the left mandible with
segmental mandibulectomy and microsurgical reconstruction with a fibula flap, ipsilateral cervical
lymph node dissection, and postoperative radiotherapy at a dose of 63 Gy. He was treated with
autologous fat grafting in the paramandibular and cervical regions with a total of 24 mL of fat (left).
The postoperative photograph at follow-up shows the improvement of the paramandibular and
cervical deformity (right).

4. Discussion

Autologous fat grafting is a feasible and valuable technique for patients with sequelae
following surgery and radiotherapy of primary head and neck cancer tumors [17,24]. How-
ever, the experience with the use of fat grafting for esthetic and functional improvement in
these patients is still limited [17–22,25]. The present clinical series is the largest published
of head and neck cancer patients treated with combined surgery and radiation therapy of at
least 50 Gy, undergoing autologous fat grafting for the correction of esthetic and functional
sequelae of treatment. In all cases, fat grafting was performed after a disease-free interval
of 3 years, a time period with the highest risk of tumor recurrence. In other studies, fat
grafting has been performed after a minimum follow-up of 1 year [19,26].

All patients were operated on following the technique described by Coleman [13,22],
although in 60% of cases (n = 14), purification was performed using the Puregraft system
as it was considered that this method better preserved the sterility of the circuit and
eliminated the exposure of fat to air, thus avoiding rapid desiccation and preserving the
survival of adipocytes. Zhu et al. [27] have compared three preparation methods for fat
grafts in twenty-two donors: gravity separation, Coleman centrifugation, and simultaneous
washing with filtration using the Puregraft system. Grafts prepared by washing with
filtration exhibited significantly reduced blood cell and free lipid content, with significantly
greater adipose tissue viability than other methods.

In our study, esthetic and functional outcomes were evaluated at 12 months after fat
grafting using the 4-point scale described by Pulphin et al. [21]. Esthetic improvement was
obtained in 77.5% of patients, being significant in 17.5%, and functional improvement in
89.2%, being significant in 29.7% of patients (significant improvement defined as postoper-
ative score of 2 or more points lower than preoperative score). The rate of improvement
is difficult to compare to other previously published studies because of differences in the
scoring system for the assessment of results, except for similar findings in a preliminary
feasibility study of 12 patients reported by our group [17], and the clinical series of 11 pa-
tients reported by Pulphin et al. [21] who were the authors that described the evaluation
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score system. In this study, significant esthetic improvement was obtained in nine patients
(81.8%) and functional improvement in seven (63.6%). The total injected volume ranged
between 10 and 119 mL, with an average of 48.5 mL, which is a somewhat greater volume
than the 23 mL used in our study. No complications were recorded. Patients were followed
for a mean of 39.9 months (range 2–88 months), but the resorption of engrafted fat was
observed for all patients and was estimated to be approximately 20% to 40%. Because
of the importance of the defects, reinjection was performed in six patients. In addition,
histological examination of biopsies taken from the treated areas of six patients showed
reduction in irradiated morphology patterns, with normal histological structure, high
vascular network density, and reduction in fibrosis. In our study, biopsies from fat grafting
areas were not obtained.

In 2003, Ducic et al. [19] reported data of a retrospective series of 23 patients under-
going lipotransfer as part of their craniofacial reconstructive procedure. In this study, six
patients underwent a total of eight fat transfer procedures (two procedures in two patients),
with good results in five and inadequate results in one. No intraoperative or postoperative
complications were observed. Vitagliano et al. [26] described 10 patients with squamous
and basal cell carcinomas of the lower or upper lips treated with resection and nasolabial
flaps. After 6 months of the primary surgery, 5 of these 10 patients underwent fat grafting
to improve persistent depressions and deformities. All treated patients showed favorable
cosmetic and favorable results in terms of improvement of their clinical appearance, oral
competence, sensitivity, and lip movements. In the study of Karmali et al. [18], 116 pa-
tients with head and neck cancer (or benign locally aggressive tumors), with history of
radiotherapy in 69% of cases, underwent 190 fat grafting procedures. However, the esthetic
outcomes were evaluated in only 17 patients after a mean follow-up of over 2 years, with
significant improvements in all of them according to a 5-point Likert scale as evaluated by
10 plastic surgeons and 10 laypersons. Procedural-related complications were observed in
5.1% of cases (infection, oil cysts, fat necrosis) and all four locoregional recurrences were
in areas outside of where the fat was grafted. Griffin et al. [28] reported a retrospective
analysis of 38 patients who underwent fat grafting, with a history of head and neck malig-
nancy, multimodal treatment including at least surgery or radiotherapy, and at least 2-year
disease-free survival. Esthetic and functional improvements in their radiation-induced
skin fibrosis, and volumetric defects at a follow-up of 32 months were shown in 37 (97%)
patients. Lipotransfer was also associated with psychological and quality of life improve-
ment. In this study, recurrence was detected in two patients (5.3%) after a mean follow-up
of 10 years.

Patients’ satisfaction was also evaluated in our study, showing a high degree of satis-
faction in terms of esthetic improvement, global satisfaction with treatment, and percentage
of patients who would recommend fat grafting to other patients in similar conditions.

However, despite the refinement of technical aspects of lipotransfer and encouraging
results for improving esthetic and functional sequelae of surgery and radiotherapy in head
and neck cancer patients, the variability of fat absorption rates has been recognized as a
limitation of the procedure. Although the restoration of altered contour can be achieved
reproducibly intraoperatively and in the early postoperative period, the long-term durabil-
ity of results remains to be established. Moreover, methods for quantifying the stability of
grafted fat have not been standardized. Hörl et al. [29] reported an average volume decline
of 55% at 6 months, evaluated by resonance magnetic imaging (RMI) studies in a group
of 53 patients with facial defects repaired using autogenous fat tissue. Meier et al. [30]
provided three-dimensional volumetric measurements demonstrating an average graft
survival of 32% at 16 months after autologous fat grafting for midfacial rejuvenation. How-
ever, Coleman [25] indicates that the volume of the graft stabilizes at 3–4 months, and
a subtle volumetric decrease may occur up to 1 year after infiltration; beyond that, he
states that the volume remains constant for 8–12 years. Quantifiable data of graft survival
are rarely reported. In our series, clinical examination and comparison of photographs
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over the follow-up period showed a progressive volumetric decrease, close to 50% of the
injected volume.

Although recurrences in our study, like others [18,28], occurred in areas far from
the treatment site, the use of autologous fat grafting in a bed with a history of cancer
involvement is a matter of concern. Further clinical studies with longer follow-up periods
are needed to confirm these findings. Finally, patients should be informed regarding the
possibility of having to repeat fat grafting in order to achieve more stable and visible results.

5. Conclusions

Autologous fat grafting is a valuable technique for improving esthetic and functional
sequelae of extensive surgical resections and radiation therapy in patients with malignant
head and neck tumors. The technique is a minimally invasive procedure for which a
sufficient volume of abdominal fat can be easily obtained. The results of the present study
confirm the benefits of fat grafting as a volumetric correction reconstructive strategy, with
successful cosmetic and functional outcomes, a high degree of patient satisfaction, low
complication rate, and no evidence of being associated with cancer recurrence.
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Simple Summary: Desmoid-type fibromatosis (DTF) is an uncommon, non-metastasising soft-tissue
tumour. Patients can experience a wide variety of disease-specific issues related to the unpredictable
clinical course and aggressiveness of DTF, negatively impacting their health-related quality of life
(HRQoL). Little is known about which DTF patients are particularly affected by an impaired HRQoL.
In the current study, HRQoL was evaluated among different groups of DTF patients, using the EORTC
QLQ-C30 and the DTF-QoL, a DTF-specific HRQoL questionnaire. Age, sex, presence of comorbidities,
and type of treatment were found to be most strongly associated with DTF-specific HRQoL outcomes.
In general, socio-demographic factors had the greatest impact on generic HRQoL, whereas the
influence of clinical factors was mainly seen on the DTF-QoL, underlining the importance of a disease-
specific questionnaire. Knowledge of the differences in DTF-specific HRQoL between subgroups can
be used to individualize the HRQoL-measurement strategy for research and clinical practice.

Abstract: Desmoid-type fibromatosis (DTF) is a rare, soft-tissue tumour. These tumours do not
metastasize, but their local aggressive tumour growth and unpredictable behaviour can have a
significant impact on health-related quality of life (HRQoL). Little is known about which DTF patients
are particularly affected by an impaired HRQoL. The objectives of this study were to assess HRQoL
among different groups of DTF patients and to investigate which socio-demographic and clinical
characteristics were associated with DTF-specific HRQoL. A cross-sectional study was conducted
among DTF patients from the United Kingdom and the Netherlands. HRQoL was assessed using the
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core
30 (EORTC QLQ-C30), accompanied by the DTF-QoL to assess DTF-specific HRQoL. The scores
were compared amongst subgroups, based on the socio-demographic and clinical characteristics
of DTF patients. Multiple linear regression analyses with a backward elimination were conducted
to identify the factors associated with DTF-specific HRQoL. A total of 235 DTF patients completed
the questionnaires. Female patients, patients with more than two comorbidities, or patients who
received treatment other than only active surveillance (AS) or surgery scored significantly worse
on the subscales of both the EORTC QLQ-C30 and DTF-QoL. Patients that were ≥ 40 years scored
significantly worse on the physical functioning scale of the EORTC QLQ-C30, while younger patients
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(18–39 years) scored significantly worse on several DTF-QoL subscales. Differences in the DTF-QoL
subscales were found for tumour location, time since diagnosis and the presence of recurrent disease.
Furthermore, treatments other than AS or surgery only, female sex, younger age and the presence of
comorbidities were most frequently associated with worse scores on the DTF-QoL subscales. This
study showed that (DTF-specific) HRQoL differs between groups of DTF patients. Awareness of
these HRQoL differences could help to provide better, personalised care that is tailored to the needs
of a specific subgroup.

Keywords: desmoid-type fibromatosis; rare diseases; health-related quality of life; patient-reported
outcomes; disease-specific measures

1. Introduction

Desmoid-type fibromatosis (DTF) is a rare, intermediate-grade, soft-tissue tumour [1].
The estimated incidence in the population is 5–6 patients per million people per year.
It usually affects young adult patients and tumours can be located in nearly any part
of the body, most commonly, in the extremities and abdominal wall [2–4]. DTF does
not metastasize, but it can display locally aggressive tumour growth, causing significant
morbidity [1]. The biological behaviour of DTF is unpredictable and variable, and includes
phases of progressive growth or growth stabilisation and spontaneous regression in 28% of
tumours [5–7]. Regardless of the tumour’s behaviour or size, patients may experience a
variety of symptoms, from no symptoms at all to extreme pain or functional limitations.

The most recent global consensus guideline recommends active surveillance (AS) as
a frontline approach for asymptomatic and mildly symptomatic patients, independent of
the tumour’s location or size [8]. After initial AS, the majority of DTF patients do not need
active treatment, minimising overtreatment and potential treatment-related morbidity [7,9].
In the case of radiological or clinically significant progression or increasing symptoms,
active treatment, including systemic therapies, surgical resection and local therapies, such
as radiotherapy, can be considered [8]. With high local recurrence rates for DTF at anatomic
sites other than the abdominal wall and treatment-related toxicities, these interventions do
not guarantee tumour reduction or clinical benefit [3,8,10,11]. For a substantial proportion
of patients, DTF is a chronic condition and the primary goal in treating DTF patients is to
maintain an acceptable health-related quality of life (HRQoL) [12,13].

HRQoL is a multidimensional concept that includes the patient’s perception of the
impact of their disease and treatment on their physical, psychological, and social function-
ing [14]. There are a limited number of studies focusing on HRQoL in DTF patients. These
studies have shown that the diagnosis of DTF, its treatment, or both can have a significant
impact on different domains of their HRQoL. From qualitative interview studies, it is known
that DTF patients experience a variety of disease-specific issues associated with the rarity
of DTF, the unpredictable clinical course and the variable treatment efficacies. Additionally,
DTF patients report pain and physical symptoms caused by the tumour itself, or as a side
effect of treatment [13,15,16]. These DTF-specific HRQoL issues are not captured by generic
or cancer-generic HRQoL questionnaires, such as the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30), which
are predominantly used in DTF studies and in clinical care [17]. Therefore, a DTF-specific
HRQoL questionnaire, the DTF-QoL, was recently developed by our group, which can be
used to evaluate the prevalence of HRQoL issues in DTF patients [18,19]. Furthermore, the
small number of previous studies focused on the population of DTF patients as a whole
because of small sample sizes. Consequently, little is known about the differences between
subgroups of DTF patients, for example, about the differences in HRQoL between patients
receiving different types of treatment or with tumours in different anatomic locations. The
objectives of this study are to evaluate the HRQoL in different groups of DTF patients using
the DTF-QoL and the EORTC QLQ-C30, and to investigate which socio-demographic and

92



Cancers 2022, 14, 2979

clinical characteristics are associated with DTF-specific HRQoL. The results of this study
will provide important insights into the problems and needs of specific groups of DTF
patients, which will help to identify patients at risk of a poor HRQoL and to better provide
personalised care.

2. Materials and Methods

2.1. Study Sample and Data Collection

The sample included DTF patients from the United Kingdom (UK) and the Netherlands
(NL), who participated in the QUALIFIED study (The evaluation of health-related quality of life
issues experienced by patients with desmoid-type fibromatosis, registered at clinicaltrials.gov
(accessed on 12 May 2022): NCT04289077) [18]. The QUALIFIED study is an international,
multicentre, cross-sectional, observational study among adult (≥18 years) patients with sporadic
DTF who were treated in one of the participating centres (one centre in the UK, three centres
in the NL). After obtaining their informed consent, the patients completed a set of question-
naires, including the EORTC QLQ-C30 and DTF-QoL. Questionnaire data were collected via
the PROFILES management system—an established international registry for the collection
of cancer patient-reported outcomes [20]. Ethical and institutional approval was obtained in
each participating centre in the UK and the NL. Further details of the protocol are described
elsewhere [18].

2.2. Study Measures
2.2.1. Socio-Demographic and Clinical Characteristics

Socio-demographic and clinical data were extracted from the questionnaire (patient-
reported) and from the patient medical records. The questionnaire included single items on
age, sex, race, marital status, family composition, educational level, employment status, tu-
mour location, details regarding the diagnosis, received treatments and tumour recurrence.
Comorbidities were assessed using an adapted self-administered comorbidity question-
naire (SCQ) [21], which included one question about the presence of comorbidities in the
previous twelve months. Additional medical data were obtained from the electronic patient
records to ensure correct and detailed reporting [18]. To compare the HRQoL between the
different types of treatment, DTF patients were assigned to one of the following three treat-
ment groups: “only AS”, “only surgery” and “other treatment”. Receiving treatment with
non-steroidal anti-inflammatory drugs (NSAIDs) or other analgesics was not considered an
active treatment [8]. The other treatment group included patients who received systemic
therapy (i.e., chemotherapy, hormonal therapy, targeted medical therapy), local therapy
(i.e., radiotherapy, isolated limb perfusion, high-intensity-focused ultrasound, cryoablation)
or a combination of any form of active treatments. In addition, patients who received
“only systemic therapy”, “only local therapy” or “combination of active treatments” were
assessed as separate groups.

2.2.2. Questionnaires

The EORTC QLQ-C30 was used to measure HRQoL [17]. This 30-item HRQoL ques-
tionnaire consists of five functional scales, a global quality of life scale, three symptom
scales and a number of single items that assess common symptoms and the perceived
financial impact of the disease. The timeframe of the questions is during the past week.
Each item is scored on a Likert scale ranging from 1, “not at all” to 4, “very much”, with
the exception of the global QoL scale, which is scored on a seven-point response scale
ranging from 1, “very poor” to 7 “excellent”. Scores of all scales and single items are linearly
transformed to a score between 0 and 100, according to the guidelines of the EORTC quality
of life group [22]. A higher score on the functional scales and global quality of life means
better functioning and HRQoL, whereas a higher score on the symptom scales means a
higher symptom burden.

The DTF-specific HRQoL was measured by the DTF-QoL [19]. The DTF-QoL was
developed according to the guidelines of the EORTC Quality of Life Group to supple-
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ment the EORTC QLQ-C30 and to assess the disease-specific issues that DTF patients
experience [19,23]. The questionnaire consists of 96 items, which are divided into 3 symp-
tom scales, 11 disease impact scales, and 6 single items. The timeframe of the symptom
scales is the past week; the disease impact scales and single items have a timeframe of
since diagnosis, except for the question on sexual interest, which has a timeframe of four
weeks. Items are scored on a Likert scale, with a range of 1, “not at all” to 4 “very much”,
with an additional “not applicable” option for certain questions. Scores of the DTF-QoL
scales are calculated according to the EORTC QLQ-C30 scoring manual for symptom
scales/items [22]. First, a raw score is obtained by estimating the average of the items that
contribute to a scale. After a linear transformation of the raw scores of all scales and single
items, scores range from 0 to 100. A higher score indicates a higher level of symptoms
or problems.

2.3. Statistical Analyses

Patient characteristics were summarised using descriptive statistics. Continuous vari-
ables were presented as a mean and standard deviation (SD) or median and interquartile
range (IQR) where skewed. The categorical variables were described as numbers and per-
centages. The differences in mean scores of the DTF-QoL and EORTC QLQ-C30 subscales
between the subgroups of DTF patients were analysed using the Mann–Whitney U test
in the case of two groups. In the case of more than two groups, an analysis of variance
(ANOVA) with post hoc Bonferroni analysis was used. The clinically relevant differences
in DTF-QoL scores between the treatment groups were determined with Norman’s “rule
of thumb”, using the value of 0.5 SD as the default value for a clinically relevant differ-
ence [24]. A series of multiple linear regression analyses were conducted to investigate
the association between clinical (comorbidity, time since diagnosis, treatment received,
recurrence and tumour location) and socio-demographic characteristics (age, sex, rela-
tionship status, education level and current employment status) and the DTF-QoL scores.
The categorical variables education level, comorbidity, treatment received and tumour
anatomic location, had >2 categories and were transformed into dummy variables, with,
respectively, low, none, only AS and abdominal wall as the reference groups. A manual
backward elimination method was applied to determine the inclusion of variables in the
final model, whereby, only those variables with a p < 0.05 were retained [25]. If any of
the dummy variables had a p-value of <0.05, the entire categorical variable was retained.
If one of the dummy variables had the largest p-value and none of the dummy variables
had a p-value of <0.05, the entire categorical variable was eliminated. Given the large
number of subscales, we decided not to give an extensive description in the text of the
differences in scale scores and between which groups these differences were observed, but
to refer to the tables as much as possible instead. All analyses were performed using SPSS
software, version 25.0 (SPSS Inc., Chicago, IL, USA) and the figures were generated with
GraphPad Prism, version 5.0 (GraphPad Software, La Jolla, CA, USA). For all analyses,
p-values of <0.05 were considered statistically significant.

3. Results

3.1. Patient Characteristics

Two hundred and thirty-five DTF patients completed the DTF-QoL and EORTC QLQ-
C30 questionnaires (response rate 46%). No statistically significant differences in sex, age at
the time of diagnosis, and age at the time of the questionnaire were observed between the
responders and non-responders. The socio-demographic and clinical characteristics of the
study sample are described in Table 1. Most patients were female (n = 173, 73.6%) with a
median age of 39.3 years (IQR 31.4–50.6) at the time of diagnosis. The median time since
diagnosis for all patients was 4.7 years (IQR 2.3–7.8). The most common tumour locations
were the abdominal wall (n = 58, 24.7%) and trunk (n = 54, 23.0%). Eighty-seven patients
(37.0%) were treated with AS only and 64 patients (27.2%) with surgery only. The other
active treatment types are specified in Table S1. Sixteen patients (6.8%) were undergoing
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active treatment at the time they completed the questionnaire. Back pain (n = 46, 19.6%),
depression/anxiety (n = 41, 17.4%), joint condition (n = 26, 11.1%) and high blood pressure
(n = 26, 11.1%) were the most common self-reported comorbidities.

Table 1. Desmoid-type fibromatosis patient characteristics (N = 235).

n (%)

Nationality United Kingdom 79 (33.6)
The Netherlands 156 (66.4)

Sex
Male 62 (26.4)

Female 173 (73.6)

Age in years at time of
diagnosis (in years)—Mean (SD) 41.7 (14.4)

Age in years at time of
questionnaire (in years)—Mean (SD) 47.2 (14.0)

Time since diagnosis (in years)—Mean (SD) 5.7 (4.5)

Tumour localization

Head/neck 13 (5.5)
Upper extremity/shoulder 29 (12.3)

Trunk 1 54 (23.0)
Abdominal wall 58 (24.7)
Intra-abdominal 39 (16.6)

Hip/pelvis/gluteal region 20 (8.5)
Lower extremity 22 (9.4)

Recurrent disease after
surgery (n = 98, 41.7%)

Yes 41 (41.8)
No 57 (58.2)

Treatment received 2

Only active surveillance 87 (37.0)
Only surgery 64 (27.2)

Only systemic therapy 32 (13.6)
Only local therapy 8 (3.4)

Combination of active
treatments 44 (18.7)

Comorbidity
(self-report)

None 90 (38.3)
1 74 (31.5)
≥2 71 (30.2)

Relationship status
Partnered 181 (77.0)

Not partnered 53 (22.6)
Missing 1 (0.4)

Education level

Low
(primary/secondary) 36 (15.3)

Medium
(vocation/college/diploma) 126 (53.6)

High
(university/post-graduate) 73 (31.1)

Current employment status Working 155 (66.0)
Not working 80 (33.9)

1. Including thoracic wall, breast and back. 2. Active surveillance, surgery, systemic therapy or local therapy only:
including patients who received analgesics; Systemic therapy includes: chemotherapy, hormonal therapy and
targeted medical therapy (tyrosine kinase and gamma-secretase inhibitors); Local therapy includes: radiotherapy,
isolated limb perfusion, high-intensity-focused ultrasound, cryoablation; Combination of active treatments:
including patients who received different combinations of surgery, systemic therapy or local therapy.

3.2. Comparison of DTF-Specific HRQoL between Different Groups of DTF Patients

The mean HRQoL scores for the total sample and all subgroups of DTF patients on the
DTF-QoL subscales and single items are presented in Tables 2 and S2. Several differences
were found for socio-demographic factors. Younger patients (18–39 years) experienced
significantly more problems in six subscales, with the largest difference in the subscale
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parenting and fertility, previously described as the “parents and fertility” subscale. Female
patients had significantly higher scores, indicating more problems, on four subscales.
Unemployed patients experienced more problems in three subscales, with the highest score
on the impact scale related to job and education.

Significant differences in the subscales of the DTF-QoL were also seen for clinical
factors (Table 2). Having multiple comorbidities resulted in significantly worse scores on
eight subscales. A longer time since diagnosis (≥5 years) resulted in significantly higher
scores on eight subscales. Patients with recurrent disease experienced more problems
in six subscales. Compared to tumours in some other anatomic locations, patients with
tumours in the upper and lower extremities, hip/pelvis/gluteal region, and head and neck,
scored significantly worse on several subscales. The lower extremity and hip/pelvis/gluteal
group experienced significantly more symptoms that were related to physical consequences.
Patients with tumours in the upper extremities or hip/pelvis/gluteal region scored higher
on pain and discomfort. Tumours in the head and neck region resulted in more problems
with employment and education.

With the exception of the subscales doctor-patient relationship and supportive care,
and the single item wasting the time of cancer specialists, significant differences between
the three treatment groups were seen for all DTF-QoL subscales and single items, with
the other treatment group scoring higher than the group of patients who received AS or
surgery only (Tables 2 and S2). Figure 1 presents the mean DTF-QoL scores per treatment
type and the clinically relevant differences between the treatment groups, considering
systemic therapy and local therapy as separate groups.

3.3. Comparison of HRQoL between Different Groups of DTF Patients

The mean HRQoL scores for the EORTC QLQ-C30 are presented in Table 3 for the
total sample and all the subgroups of DTF patients. Patients that were ≥40 years scored
significantly lower on physical functioning and had significantly more problems with
dyspnoea and sleep. Female patients had significantly worse scores on six subscales.
Unemployed patients scored significantly lower on all functioning scales and on global
health and had higher scores on the single items fatigue, dyspnoea, sleep and financial
difficulties. Having multiple comorbidities resulted in lower scores on all subscales. No
differences were seen in the time since diagnosis. There were significant differences between
the three treatment groups in physical, role, emotional and social functioning, in global
health and in fatigue, pain, sleep, diarrhoea and financial difficulties symptom items and
scales. For most of these scales and symptoms, patients who received other treatments
experienced more problems or symptoms than those patients receiving AS or surgery only.
The presence of recurrent disease resulted in significantly worse scores in two subscales.
Patients with tumours located in the hip/pelvis/gluteal/ region and the lower and upper
extremities scored significantly higher on the pain items.

3.4. Factors Associated with DTF-Specific HRQoL

Multiple linear regression analyses with backward elimination were conducted to identify
the socio-demographic and clinical characteristics associated with DTF-specific HRQoL (Table 4).
An older age (≥40 years) was negatively associated with physical symptoms, while a younger
age (18–39 years) was negatively associated with the impact of DTF on concerns about condition,
relationships, parenting and fertility, body image concerns about treatment and its consequences,
and the unpredictable disease course. Female sex was associated with more physical symptoms
and problems related to job and education, physical limitations, parenting and fertility, and
body image. Having one or more comorbidities was negatively associated with all the subscales,
except for job and education, diagnostic and treatment trajectory, and parenting and fertility.
Time since diagnosis was associated with only two scales, with fewer years since diagnosis
being negatively associated with pain and discomfort, and a longer diagnosis with problems
related to supportive care. Treatment other than AS or surgery only was associated with more
problems on all DTF-QoL subscales, except for doctor-patient relationship and supportive care.
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Figure 1. Mean DTF-QoL scores per treatment type. Differences in mean scores of DTF-QoL scales
between treatment groups. Higher scores indicate a higher level of symptomatology/problems.
Scale 3 (doctor-patient relationship, communication and information) and 9 (supportive care) are not
shown because no significant differences were found between the treatment groups for these scales.
Active surveillance, surgery, systemic therapy or local therapy only: including patients who received
analgesics. Systemic therapy includes: chemotherapy, hormonal therapy and targeted medical
therapy (tyrosine kinase and gamma-secretase inhibitors). Local therapy includes: radiotherapy,
isolated limb perfusion, high-intensity-focused ultrasound, cryoablation. Combination of active
treatments: including patients who received different combinations of surgery, systemic therapy or
local therapy. a,b,c,d,e Corresponds to whether the score of the respective treatment group is clinically
relevant different (difference ≥ 0.5 SD) compared to: a only active surveillance, b only surgery,
c only systemic therapy, d only local therapy, e combination of active treatments. Abbreviations:
AS, only active surveillance; Surg, only surgery; Sys, only systemic therapy; Comb, combination of
active treatments.
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4. Discussion

This international, cross-sectional study evaluating HRQoL in DTF patients, showed
that both generic and disease-specific HRQoL differ between subgroups based on socio-
demographic and clinical characteristics of DTF patients. In multivariate analyses, younger
age, female sex, presence of comorbidities, and treatment other than AS or surgery only,
were most strongly associated with worse DTF-specific HRQoL outcomes.

The type of treatment a patient received was found to be one of the most important
factors associated with both the generic and DTF-specific HRQoL. The group of patients
who received systemic therapy or a combination of active treatments scored significantly
worse than patients who received AS or surgery alone, with the differences in the HRQoL
scores being clinically relevant. These results may be explained by the fact that patients
who require systematic therapy or multiple treatments are those with more complicated
DTF tumours, with a more aggressive disease course and/or in whom an eventual resection
would be mutilating. The greater impact of these types of treatment may therefore be partly
caused by a higher tumour burden. The variable response to systemic and local therapies
in DTF may exacerbate the differences between those who need active treatment and those
who do not. The treatment itself, or its side effects, could also affect HRQoL. For example,
DTF patients undergoing systemic therapy reported comparable hair and skin problems
to soft-tissue sarcoma patients who received chemotherapy, which can have a negative
impact on the patient’s self-image [26]. In addition, a failure of (multiple) treatments can
lead to uncertainties about the disease and treatment efficacy [13,15,16]. In general, HRQoL
outcomes of patients who received AS or surgery only were comparable. Compared to
AS alone, surgery was negatively associated with concerns about treatment and subscales
with items related to the physical consequences of a surgical resection, such as body image
and sensations, and physical limitations in daily life or work. It has been reported that AS
is associated with increased anxiety and uncertainties [27]. In the current study, patients
receiving only AS did not experience greater negative physical or psychological effects
than patients undergoing active treatment. Our results clearly demonstrate that the type
of treatment DTF patients received, which is related to the complexity of the tumour, can
have a severe impact on their HRQoL. The potential risks and benefits of treatments should
therefore be considered carefully, and patients should be informed about the possible
side effects associated with treatments. Since this was a cross-sectional study, it did not
assess the magnitude of the impact of treatment on patients’ HRQoL over time. In future
(longitudinal) studies, and clinical follow-up, the HRQoL outcome measures should be
included alongside the objective outcome measures to evaluate treatment efficacy and also
to facilitate shared decision making, e.g., between AS and surgery.

Differences in the time since diagnosis were only found for several subscales of the
DTF-QoL and not the EORTC QLQ-C30, with significantly worse scores for patients who
were ≥5 years after diagnosis. These differences were particularly seen on the impact scales,
possibly reflecting the chronic character of DTF, since these items cover a timeframe since
diagnosis. Another possible explanation may be that active treatments were more common
in the past, and that these worse HRQoL scores are a result of these active treatments. This
could explain why time since diagnosis affected only two scales after adjusting for the
treatment type. A longer time since diagnosis was associated with higher scores on the
supportive care subscale, indicating that these patients experienced more lack of support in
the past. Therefore, these results suggest that recognition and awareness of HRQoL issues,
using the DTF-QoL, is important, even long after the time of diagnosis.

Differences between tumour locations were mainly seen on the subscales of the DTF-
QoL and not of the EORTC QLQ-C30, except for the pain items. These results are in line
with a study of sarcoma patients by van Eck et al., who assessed HRQoL between different
sarcoma locations using the EORTC QLQ-C30 and additional treatment-specific items
from the EORTC Item Library [26]. They found no significant differences in the HRQoL
domains of the EORTC QLQ-C30 between different tumour locations, however, they did
find treatment-specific HRQoL issues that differed per sarcoma location, underlining the
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importance of using a disease-specific HRQoL-measurement strategy. In our study, worse
scores on the DTF-specific questionnaire were observed for DTF patients with tumours
in the upper and lower extremities and hip/pelvis/gluteal region on the subscales about
physical limitations, pain and concerns around treatment and its consequences. These
subscales, consisting of site-specific items, such as “Have you had any trouble walking?” or
“Have you been afraid of needing a limb amputation?” are, therefore, particularly useful
for these specific tumour sites.

The presence of comorbidities generally has a negative impact on HRQoL [28,29].
DTF patients with two or more comorbidities reported significantly worse scores on all
scales and items of the EORTC QLQ-C30, which is in agreement with the previous studies
conducted among patients with different types of cancer [30,31]. In addition, the results
of our study indicate that the presence of comorbidities significantly affects DTF-specific
HRQoL as well. Given the cross-sectional study design, it is unclear whether the self-
reported comorbidities were present before a DTF diagnosis or if they developed thereafter.
Moreover, comorbidities may interfere with treatment effects [29,30]. It is important to be
aware of the impact of comorbidities on HRQoL, not only to assess a true treatment efficacy,
but also to provide the necessary support in clinical care.

The socio-demographic factors sex, age, relationship status, education level and em-
ployment status are known to be associated with generic HRQoL [32–35]. The results of this
study indicate that the female sex is not only associated with worse generic HRQoL scores,
but also with DTF-specific HRQoL. It is generally assumed that HRQoL decreases with
increasing age [33,36]. However, our results show that, while a higher age was negatively
associated with physical symptoms, patients aged between 18 and 39 years scored signif-
icantly worse on several of the DTF-QoL impact scales. Younger DTF patients reported
similar concerns to adolescent and young adult (AYA) cancer patients, e.g., concerns about
their ability to have children [37,38]. The greater impact of DTF on younger patients can be
explained by the fact that these patients define their identity in this period of their lives,
face important life choices and often have high expectations of themselves at work and
in their social lives [38]. A study by Drabbe et al. also found that AYA-sarcoma patients
(aged 18–39 years) had significantly lower scores on the emotional, cognitive and social
functioning scales of the EORTC QLQ-C30 compared to older patients [36]. Interestingly,
in our study, a significant difference was only seen on the physical functioning scale of
the EORTC QLQ-C30, with older patients scoring worse. This shows that by only using a
generic questionnaire, the impact of DTF on younger patients could be missed, emphasising
the importance of AYA-specific and disease-specific questionnaires [39]. It is noteworthy
that, in general, socio-demographic factors had the greatest impact on generic HRQoL,
whereas the influence of clinical factors was mainly seen on the DTF-QoL, indicating
that the DTF-QoL provides relevant additional information about the HRQoL of these
specific subgroups.

To the best of our knowledge, this is the first study exploring the heterogeneity
in both the generic and disease-specific HRQoL in DTF patients. The strengths of this
study are the large study population and the use of generic and disease-specific HRQoL
questionnaires. Given the limited data available on HRQoL for DTF patients and the
heterogeneous characteristics of DTF, the subgroup analyses are a valuable contribution to
providing further insight into which patients are at risk of a poor HRQoL. Furthermore,
knowledge of the differences between subgroups of DTF patients can be used to develop
an individualised measurement strategy by not using all items of the DTF-QoL, but only
the specific scales in which problems can be expected for that particular subgroup. For
example, the parenting and fertility impact scale of the DTF-QoL could be used for patients
aged 18–39 years and the physical consequences symptom scale could be used for patients
with DTF located in the lower extremities or hip/pelvis/gluteal region.

The present study also has some limitations. First, there may be selection bias, as it is
unknown whether DTF patients did not respond or participate, due to either the absence of
symptoms or poor health [40]. The non-responder analysis did not reveal any differences,
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however, clinical characteristics were unavailable for these patients. Secondly, as there is
no accurate national registration system in both countries, it is not possible to say with
certainty which DTF patients attended the participating centres. It is assumed that at least
the more complex patients were treated in the participating centres, as these were tertiary
referral centres. However, it is unknown how many more complex cases have remained in
the peripheral hospitals, which may also have led to selection bias. Thirdly, although we
were able to analyse the clinically relevant subgroups of DTF patients, differences may also
exist within these groups. Due to small numbers, we did not assess these differences in
HRQoL scores. The future use of the DTF-QoL in large international cohorts will provide
more data to investigate these differences within subgroups. Fourthly, the cross-sectional
study design limits the possibility of drawing conclusions about causal associations. In
addition, tumour behaviour was not included in our analyses. Since some DTF patients
were discharged at the time of the questionnaire, the information regarding their current
disease status was unavailable. Furthermore, tumour behaviour can vary during follow-
up due to the unpredictable biological behaviour, making it difficult to classify patients
into one particular group and to draw any conclusions about the association between the
tumour’s behaviour and HRQoL. A longitudinal assessment of HRQoL data will help to
determine the impact of socio-demographic and clinical factors on HRQoL over time.

5. Conclusions

DTF can result in a wide variety of disease-specific issues and the impact of DTF on
HRQoL differs between subgroups. The use of the DTF-QoL, alongside generic HRQoL
instruments, is essential to gain insight into the patient’s specific problems and needs.
Together, these insights will help clinicians to provide better and more personalised care to
patients with DTF.
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Simple Summary: After a cancer diagnosis, the fear that it could come back is one of the most
difficult negative emotions to manage. Sarcoma is a rare cancer of connective tissue affecting soft
tissue and bone that has a high rate of recurrence and metastases. It can present itself in any age
group from childhood to older adulthood. The experience of fear of cancer recurrence has not yet
been explored in-depth among those with sarcoma. We, therefore, conducted an online survey to
identify the prevalence of fear of cancer recurrence and factors that may be associated with it. A total
of 229 people with sarcoma submitted responses, and the majority expressed interest in receiving
support for fear of cancer recurrence. Overall, fear of cancer recurrence levels was found to be higher
than those reported by patients with most other types of cancer. Emotional distress and being able to
manage emotions were associated with fear of cancer recurrence.

Abstract: Fear of cancer recurrence (FCR) is a persistent concern among those living with cancer and
is associated with a variety of negative psychosocial outcomes. However, people with sarcoma have
been underrepresented within this area of research. We aimed to determine the prevalence of FCR
experienced by people with sarcoma in the United Kingdom and explore factors that may predict
FCR, such as the perceived impact of cancer and psychological flexibility. Participants (n = 229) with
soft tissue (n = 167), bone (n = 25), and gastrointestinal stromal tumours (n = 33) completed an online
survey including the self-reported measures of FCR, the perceived physical and psychological impact
of cancer and psychological flexibility, and demographic information. Data were analysed using
ANOVA and multiple regression modelling. Mean FCR scores (M = 91.4; SD = 26.5) were higher
than those reported in meta-analytic data inclusive of all cancer types (M = 65.2; SD = 28.2). Interest
in receiving support for FCR was also high (70%). Significant factors associated with FCR included
cognitive and emotional distress and psychological flexibility, but not perceptions of the physical
impact of cancer (R2 = 0.56). The negative association between psychological flexibility and FCR
suggests the potential benefit of intervention approaches which foster psychological flexibility, such
as acceptance and commitment therapy.

Keywords: sarcoma; fear of recurrence; psychological flexibility; distress; psychological impact
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1. Introduction

Fear of cancer recurrence (FCR) is a highly prevalent and distressing psychological
challenge for those living with and beyond cancer [1] and is defined as “fear, worry, or
concern that cancer may come back or progress” [2]. FCR is considered one of the most
distressing consequences of cancer, demonstrating associations with impaired physical and
psychosocial functioning and lower overall quality of life [3–5]. It is reported to occur in
39–97% of cancer survivors; the prevalence of FCR is dependent on how it is measured and
the definition of clinical levels of FCR [6,7]. Managing FCR has been highlighted as the
number one unmet need among cancer survivors [6]. It does not appear to dissipate with
time and, if left unaddressed, can become a complex lifelong concern [4–6].

Research and understanding of FCR have grown rapidly [8]; however, uncertainties
remain regarding prevalence by cancer type, underlying mechanisms of action, and the
best practices for intervention [9]. As identified by the James Lind Alliance’s ‘Living with
and beyond cancer’ research priorities, interventions to best support individuals to cope
with FCR are needed [10]. People with sarcoma have been significantly underrepresented
within FCR research. This is a concern given that recurrence rates are higher within the
sarcoma population than most other solid cancers [11]. In addition, sarcomas are a rare
and diverse group of cancers characterized by considerable clinical heterogeneity and
significant physical burden on survivors [12]. Thus, sarcoma-specific research is warranted
in order to inform intervention development and delivery.

To date, only two reports have included people with sarcoma in their sample [13,14].
First, an observational study in patients with gastrointestinal stromal tumors (GIST) ex-
amined fear of progression (not recurrence) and found that approximately 50% of patients
had high levels of fear, which were associated with greater psychological distress [13].
Second, a network analysis of FCR among young adult cancer patients included a small
number of people with sarcoma in their sample (n = 19; 7.7%) and reported that the ma-
jority of their sample scored above the established cut-off for high FCR on their measure
(fear of progression questionnaire short form; FoP-Q-SF) [14]. Given the lack of evidence
and the need for tailored interventions, additional work is required that is specific to the
sarcoma population.

In the broader FCR literature, higher FCR scores have been associated with younger
age, female gender, physical symptoms (e.g., pain, fatigue) and greater anxiety, and
depression [8]. Potential underlying mechanisms have been explored and include op-
timism and social support [4,6]. These findings emphasize the potential interplay between
the physical and psychological challenges faced by patients that may be impacting FCR
and the need for evidence-based supportive interventions. Interventions that have been
developed to date to manage FCR have included cognitive behavioral techniques, as well as
relaxation, meditation, and other positive psychology-based approaches [15]. Acceptance
and commitment therapy (ACT)-based interventions have shown promise in reducing
cancer-related distress and FCR [16,17]. However, a greater understanding of specific active
mechanisms or intervention components is needed in order to impact FCR for a range
of subgroups.

Psychological flexibility is a core component of ACT [13] and may be crucial in under-
standing how individuals are affected by, and cope with, the significant challenges brought
on by cancer and its treatments. Psychological flexibility is defined as the ability to identify
and adapt to situational demands in an attempt to improve longer-term outcomes in a way
that is personally meaningful [18,19]. It has been associated with improved psychological
health, quality of life, and well-being in both clinical and non-clinical populations [20–24],
including both distress-related and positive outcomes (e.g., benefit finding) in cancer sur-
vivors [25]. Furthermore, psychological flexibility has been shown to be amenable to change
over time, presenting a potential target for interventions.

This study aimed to determine the prevalence of FCR among people with sarcoma
in the United Kingdom (UK) and explore associated factors specific to the physical and
psychological impacts of cancer and psychological flexibility.
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2. Materials and Methods

2.1. Participants & Recruitment

Following approval from an institutional research ethics committee (Birmingham
City University: Storey/#9678/sub2/R(A)/2021/Jul/BLSS FAEC), patients with sarcoma
living in the UK were invited to participate in an online cross-sectional survey. The survey
was administered by Quality Health using their in-house online survey software, which
was open for 13 weeks (July to October 2021). Patients self-identified to participate after
receiving information from sarcoma-specific and cancer charities via newsletters or social
media posts. Patients were eligible to participate if they met the following criteria: diagnosis
of sarcoma (any type); receiving all or some of their care in the UK; aged 16 or over; literate
in English; and provided consent to participate (i.e., submitted survey was implicit of the
consent). Confirmation of eligibility was required to proceed with the survey.

2.2. Measures

A bespoke survey was developed in collaboration with an established sarcoma patient
advisory group and informed by previous work [26]. The survey included investigator-
designed questions and validated measures of FCR, the perceived physical and psychologi-
cal impact of cancer and psychological flexibility.

2.2.1. Fear of Cancer Recurrence

The fear of cancer recurrence inventory (FCRI) is a 42-item scale, widely established,
an in-depth measure of FCR [27]. A total score was obtained (ranging from 0 to 168), with
higher scores indicating greater FCR. The FCRI has been utilized in clinical and research
practice and has been shown to be valid and reliable [8].

2.2.2. Activities of Daily Living

Two items from the Toronto extremity salvage score (TESS) [28] were used to measure
perceived disability status and overall impact on activities of daily living (ADL). Both
questions were answered on a 1–5 scale, with the ability to perform ADLs during the past
week ranging from ‘not at all difficult’ to ‘impossible to do’ and self-reported disability
status as ‘not at all disabled’ to ‘completely disabled’. The TESS is widely used as a patient-
reported functional assessment following the diagnosis and treatment of upper and lower
extremity sarcoma [29–32] and has been tested for validity and reliability [28]. A generic
version combining both the upper and lower extremity scale was developed so it could be
administered generically to patients with any type of cancer and contained 48 items.

2.2.3. Psychology Impact

The psychological impact of cancer (PIC) scale is a valid and reliable tool for assessing
the perceived psychological impact of cancer [33]. This scale contains 12 items answered
on a scale of 1–4 ranging from ‘definitely does not apply to me’ to ‘definitely applies to
me’, which then make up four individual subscales (cognitive distress, cognitive avoidance,
fighting spirit, and emotional distress). Higher scores (ranging from 3 to 12) on each
subscale represent the greater endorsement of the said factor (e.g., cognitive distress).
The PIC has been validated in patients living with and beyond cancer in the UK and
Australia [33].

2.2.4. Psychological Flexibility

Psychological flexibility was assessed using the comprehensive assessment of accep-
tance and commitment therapy processes (CompACT) [34]. This measure is comprised
23 items assessing the key dyadic process of psychological flexibility scored on a 7-point
Likert scale, ranging from 0 to 6 (‘strongly disagree’ to ‘strongly agree’). The total sum
score ranges from 0 to 138, with higher scores indicating greater psychological flexibil-
ity. The CompACT has been shown to be valid and reliable within nonclinical popula-
tions [18,35,36], as well as within oncology settings [37].
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Personal characteristics were collected to describe the sample and included gender,
age, ethnicity, sexual orientation, marital status, employment status, and caregiver status.
Cancer-specific characteristics were collected on the type of sarcoma, the year diagnosed,
treatments received, amputation status, as well as a history of recurrence and/or metastatic
disease. Interest in engaging with support specific to FCR was also queried.

2.3. Analysis

Data were analysed in R (Version 3.6.1). Data were inspected for missing values and
then described: normally distributed data by the mean and standard deviation (SD), and
binary and categorical variables were presented using frequency and percentages. The
prevalence and magnitude of FCR in this sample were described and referenced in relation
to available meta-analytic data and were inclusive of multiple cancer types reported in the
literature. To explore differences in FCR by sarcoma type (soft tissue, bone, GIST), a one-
way ANOVA was conducted, adjusting for multiple comparisons using the Tukey method.
Bivariate correlations examined the size and direction of correlation between theoretically
hypothesized associated factors. Multiple regression analysis was performed to establish
how much variance in FCR scores was explained by physical and psychological impacts of
cancer and psychological flexibility in this sample when accounting for relevant personal
and cancer-specific characteristics [i.e., age, gender, marital status (single/coupled), time
since diagnosis and recurrence status (no/yes)].

3. Results

In total, 229 people with sarcoma aged 18–85 completed the survey. Personal and
cancer-specific characteristics are summarized in Table 1. The majority of respondents
identified as female (n = 168, 73%), were married or in a long-term relationship (n = 165,
73%), employed (n = 133, 60%), and white (n = 216, 96%). Most participants had been
diagnosed with soft tissue sarcoma (n = 165, 74%), received surgery (n = 177, 77%), and
were not on active treatment (n = 189, 86%).

Table 1. Patient participant personal and cancer specific characteristics.

Characteristic Mean (SD)/n (%)

Age 52.45 (14.7)

Gender
Male 61 (27%)

Female 168 (73%)

Ethnicity
White 216 (96%)
Other 9 (4%)

Marital status
Married/in long-term relationship 165 (73%)

In a relationship but not cohabitating 12 (5%)
Single 32 (14%)

Widowed or divorced 19 (8%)

Employment status
Employed full time or part time 133 (60%)

Permanently sick/disabled 26 (12%)
Retired 61 (28%)

Caregiver status
Yes 64 (29%)
No 153 (71%)
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Table 1. Cont.

Characteristic Mean (SD)/n (%)

Type of sarcoma
Soft tissue sarcoma 167 (74%)

Bone sarcoma 25 (11%)
GIST 33 (15%)

Time since diagnosis
<1 year 14 (7%)

2 to 5 years 107 (51%)
6 to 10 years 57 (27%)

>10 years 31 (15%)

Treatments received *
Surgery 177 (77%)

Radiotherapy 16 (7%)
Chemotherapy 28 (12%)

Other 21 (9%)

History of recurrence
Yes 53 (24%)
No 149 (68%)

Unknown 17 (8%)

History of metastatic disease
Yes 58 (26%)
No 146 (66%)

Unknown 17 (8%)

Amputation status
Yes 18 (9%)
No 168 (79%)

Not applicable 26 (12%)

Disability status
Not at all disabled 87 (45%)

Mildly to moderately disabled 69 (35%)
Severely or completely disabled 39 (20%)

* = multiple responses given; GIST: gastrointestinal stromal tumours.

Bivariate correlations between study variables are displayed in Table 2. Results
from the multiple linear regression analysis are summarized in Table 3. Of the covariates
included less time since diagnosis and reporting not having had a recurrence were
significantly associated with greater FCR. Specific to the psychological impact of cancer,
cognitive distress, and emotional distress were positively and significantly associated
with higher levels of FCR, whereas cognitive avoidance and fighting spirit were not
significantly associated. Psychological flexibility was negatively and significantly as-
sociated with lower levels of FCR. No significant associations were found between
perceptions of the physical impact of cancer (i.e., disability status and impact on ADL).
The model accounted for 56% (95% CI = 0.42, 0.61) of the variance in FCR among people
with sarcoma in our sample.
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Table 2. Bivariate correlations of study variables.

Variable 1 2 3 4 5 6 7 8 9 10 11 12

1. Age -
2. Gender −0.07 -

3. Marital status −0.15 0.13 * -
4. Time since diagnosis 0.21 ** −0.04 0.00 -

5. Recurrence status 0.17 * 0.10 −0.07 0.29 ** -
6. Disability status −0.07 −0.06 0.16 * 0.13 −0.02 -

7. ADL impact −0.09 −0.04 0.20 ** 0.12 −0.02 0.72 ** -
8. Cognitive distress −0.09 0.03 0.09 * −0.10 0.06 0.26 ** 0.20 ** -

9. Cognitive avoidance 0.04 0.09 0.09 0.01 0.07 −0.10 0.02 0.24 -
10. Emotional distress −0.19 ** 0.22 ** −0.03 −0.16 * 0.12 0.24 ** 0.27 ** 0.65 0.19 ** -

11. Fighting spirit −0.12 0.01 −0.01 −0.06 0.05 0.20 ** 0.23 ** 0.10 0.24 ** 0.27 ** -
12. Psychological

flexibility 0.27 ** −0.06 −0.17
* 0.12 0.10 −0.14 * −0.24

** −0.54 −0.22 ** −0.42 ** −0.03 -

13. FCR −0.18 * 0.19 ** 0.06 −0.23 ** 0.17 * 0.20 ** 0.19 ** 0.57 ** 0.15 * 0.69 ** 0.25 ** −0.47 **

* Indicates p < 0.05 ** indicates p < 0.01; ADL: activities of daily living; FCR: fear of cancer recurrence.

Table 3. Regression results for FCR.

Factor b 95% CI beta 95% CI sr2 95% CI

(Intercept) 63.85 ** [27.28, 100.43]
Age 0.01 [−0.19, 0.22] 0.01 [−0.11, 0.13] 0.00 [−0.00, 0.00]

Gender 2.84 [−3.71, 9.40] 0.05 [−0.07, 0.17] 0.00 [−0.01, 0.01]
Marital status + −1.45 [−8.86, 5.96] −0.02 [−0.14, 0.09] 0.00 [−0.00, 0.00]

Time since diagnosis −0.63 * [−1.21, −0.04] −0.13 [−0.26, −0.01] 0.01 [−0.01, 0.04]
Recurrence status −9.73 * [−17.54, −1.93] −0.15 [−0.27, −0.03] 0.02 [−0.01, 0.05]
Disability status 2.00 [−2.91, 6.91] 0.07 [−0.10, 0.23] 0.00 [−0.01, 0.01]

ADL impact −2.03 [−6.39, 2.34] −0.08 [−0.24, 0.09] 0.00 [−0.01, 0.01]
Cognitive distress 2.15 * [0.26, 4.03] 0.19 [0.02, 0.35] 0.02 [−0.01, 0.04]

Cognitive avoidance −0.51 [−1.95, 0.93] −0.04 [−0.16, 0.08] 0.00 [−0.01, 0.01]
Emotional distress 5.39 ** [3.44, 7.34] 0.44 [0.28, 0.61] 0.09 [0.03, 0.15]

Fighting spirit 0.61 [−1.02, 2.23] 0.05 [−0.08, 0.18] 0.00 [−0.01, 0.01]
Psychological flexibility −0.22 ** [−0.38, −0.05] −0.19 [−0.33, −0.05] 0.02 [−0.01, 0.05]

Note. A significant b-weight indicates that the beta-weight and semi-partial correlation are also significant.
b represents unstandardized regression weights. beta indicates the standardized regression weights. sr2 represents
the semi-partial correlation squared. r represents the zero-order correlation. Figures in brackets indicate the
lower and upper limits of a confidence interval, respectively. + marital status was dichotomized to 1 = coupled;
2 = uncoupled (single, widowed, or divorced). * Indicates p < 0.05. ** indicates p < 0.01.

4. Discussion

In this study, we observed the prevalence of FCR among people with sarcoma in the
UK, explored associated factors specific to the physical and psychological impact of cancer,
and examined the role of psychological flexibility. Compared to the meta-analytic data of
common cancer types [8], our study reported high levels of FCR. Participants expressed
an interest in engaging in supportive interventions, which highlights the need for support
among this population. Our findings demonstrate that the psychological impact of cancer,
specifically cognitive and emotional distress, are significantly associated with greater
levels of FCR, whereas the physical impact of cancer is insignificantly associated. Lastly,
psychological flexibility was found to be negatively associated with FCR, representing a
potential target for intervention development.

People with sarcoma have been historically underrepresented in FCR research. When
examining the prevalence of FCR, mean scores reported across 10 different cancer types
ranging from 39.8 among prostate cancer survivors to 113.5 among gynaecological cancer
survivors, with standard deviations ranged from 18.6 to 28.2 using the FCRI [8]. The mean
score among our sample of people with sarcoma was 91.4 (SD = 26.5). This is higher
than the overall combined, weighted mean FCRI-Total score inclusive of all cancer types,
which was reported as 65.2 (95% CI: 58.0–72.3) [8]. Only the estimate reported among
the sample of gynaecological cancer patients [38] was higher than that observed in our
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sample. A higher FCR may be attributed to higher rates of recurrence in this population
and the impact of sarcoma and its treatment on physical and psychological well-being
and quality of life. Interestingly, our sample was predominantly female, in common
with the gynaecological sample. Previous research has emphasised gender as a relevant
demographic factor [4,6,7]; however, our own findings may be confounded by the unequal
gender representation within our sample. Furthermore, a higher prevalence of anxiety has
been noted in females [39]; thus, FCR, a form of state anxiety, may also be associated with
differences in gender. Nonetheless, the reasons for gender-based differences within FCR
severity have yet to be definitively identified and should be explored.

In addition to being identified as an unmet need among cancer survivors [6] and
a research priority within the UK [10], FCR has been associated with increased costs to
healthcare systems [40,41]. Thus, it is imperative that this field of research focuses on
intervention development, testing, and optimization. Findings from this study support the
need for interventions aimed at patients with sarcoma, given their high FCR. Furthermore,
the high level of interest in supportive care interventions throughout the cancer care
continuum highlights the demand for these interventions to be offered continuously starting
from the time of diagnosis.

Recent efforts to develop interventions aimed at managing FCR have focused on a
mind–body approach, which addresses the physical, cognitive, emotional, and behavioural
aspects of the cancer experience [15]. Distress is a complex experience that results from the
individual interplay of these aspects and is highly variable within and between individuals.
The PIC scale used in this study to assess components of the psychological impact of cancer
was developed using items previously forming the Mini-Mental Adjustment to Cancer
Scale [42] to provide a brief and conceptually accessible tool with good psychometric
properties. However, it is important to note that the psychometric properties of the fighting
spirit sub-scale remain poor. In our sample, cognitive distress and emotional distress
explained some of the unique variances of FCR. Thus, interventions should consider
focusing on strategies that are aimed at reducing cognitive and emotional distress.

Psychological flexibility emerged as a factor associated with reduced FCR in our
sample, highlighting the critical role this construct can play in facilitating psychological
health and adjustment to cancer. Given the unique profile of people with sarcoma, it is
essential that programs respond effectively to the challenges of this diagnosis in pursuit of
mitigating long-term goals around health and wellbeing. This study is cross-sectional, so
it does not provide any insight into the causality of associations; however, observations
are in line with broader theory and evidence within this clinical population and provide
justification for the continued exploration of this key construct.

Of the covariates included in our model, the time since diagnosis and recurrence
status emerged as associated factors, with lower levels of FCR observed among those
further from diagnosis, as well as those who had already experienced recurrence. The type
of sarcoma also emerged as an associated factor, with higher levels of FCR observed in
those with soft tissue sarcoma. Based on the prior literature [13,14] and clinical experience,
it was hypothesised that marital status (as a form of support), age, and gender would
account for some of the unique variances in FCR; however, this was not the case in these
data. For example, recent work has demonstrated that younger patients may have greater
severity of FCR compared to older patients [14]. It could be surmised that this is due to
heightened levels of psychological distress in younger age groups, underdeveloped coping
strategies, and concerns regarding developmental tasks related to the life stage at the time of
diagnosis [14]. Given sample characteristics, findings specific to demographic and clinical
characteristics may be due to a lack of representation and should be explored further.

Limitations

There are limitations to consider when interpreting the findings of this study. This
study was cross-sectional; thus, causal and temporal inferences are not possible. The
sampling approach was open to self-selection bias in that access was limited to those
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who used participating charities or social media. We recognise that our sample was
predominately white and female. However, there is a similar proportion to the types of
sarcoma that are represented in the UK. Future work should aim for a more balanced
distribution of demographic characteristics through a more targeted sampling strategy. A
longitudinal design would allow for the exploration of temporal changes and opportunities
to explore causality between the variables assessed in this study. Whilst the selection of
variables included in our analytic models was theoretically driven and accounted for the
majority of the variance in FCR, there are additional constructs yet to be identified that may
provide additional insight into mechanisms of action in FCR. Despite the aforementioned
limitations, this is the largest study reporting FCR in patients presenting with sarcoma, and
findings from this study provide valuable insight into this understudied population.

5. Conclusions

To our knowledge, this is the first study to explore the prevalence of FCR among
those living with and beyond sarcoma in the UK. In comparison to other cancer types, a
high prevalence and severity of FCR were observed. The psychological impact of sarcoma
and the potential benefit of fostering psychological flexibility when aiming to address
FCR demonstrates the importance of addressing cognitive and emotional distress after a
sarcoma diagnosis. Interventions targeting these constructs, for example, acceptance and
commitment therapy-based approaches, warrant further investigation and hold promise
for managing FCR in both the short- and long-term.
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Simple Summary: Sexual disorders affect up to 80% of cancer patients, depending on the type of
cancer, yet they are commonly overlooked and untreated. Opioid-induced sexual dysfunction (OISD)
is reported in half of opioid users. The pathophysiology of OISD—still a subject for research—may
include disorders of both the endocrine and nervous systems, expressed in, among other things,
erectile dysfunction and declined sexual desire, sexual arousal, orgasm, and general satisfaction with
one’s sex life. The etiology of sexual dysfunction in cancer patients is usually multifactorial, so the
management should be multifaceted and individualized by targeting pathophysiological factors. The
treatment options for OISD are few and include testosterone replacement therapy, bupropion, opioid
antagonists, phosphodiesterase type 5 inhibitors, plant-derived substances, and non-pharmacological
treatments, although the evidence is insufficient. One of the treatment options may also be a choice
of an opioid that is less likely to cause sexual dysfunction, yet further research is necessary.

Abstract: Sexual dysfunction is common in patients with advanced cancer, although it is frequently
belittled, and thus consistently underdiagnosed and untreated. Opioid analgesics remain fundamen-
tal and are widely used in cancer pain treatment. However, they affect sexual functions primarily due
to their action on the hypothalamus–pituitary–gonadal axis. Other mechanisms such as the impact on
the central and peripheral nervous systems are also possible. The opioid-induced sexual dysfunction
includes erectile dysfunction, lack of desire and arousal, orgasmic disorder, and lowered overall
sexual satisfaction. Around half of the individuals taking opioids chronically may be affected by
sexual dysfunction. The relative risk of sexual dysfunction in patients on chronic opioid therapy and
opioid addicts increased two-fold in a large meta-analysis. Opioids differ in their potential to induce
sexual dysfunctions. Partial agonists and short-acting opioids may likely cause sexual dysfunction to
a lesser extent. Few pharmaceutical therapies proved effective: testosterone replacement therapy,
PDE5 inhibitors, bupropion, trazodone, opioid antagonists, and plant-derived medicines such as Rosa
damascena and ginseng. Non-pharmacological options, such as psychosexual or physical therapies,
should also be considered. However, the evidence is scarce and projected primarily from non-cancer
populations, including opioid addicts. Further research is necessary to explore the problem of
sexuality in cancer patients and the role of opioids in inducing sexual dysfunction.
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1. Introduction

Sexuality is an essential aspect of life, also for cancer patients [1]. Despite this, many
of them believe that they do not receive proper care in this sphere of life [2], and only one in
ten cancer patients are asked by a doctor about the quality of their sex life [3]. The quality
of the sexual life of these patients has often deteriorated, and there are various reasons for
this, such as pain and other physical symptoms, deformities of the body due to cancer or
after medical interventions, the feeling of being unattractive, medications, or the lack of
privacy conditions in long-term care facilities [4–6]. As opioids are often used in this group
of patients, their influence on libido and the quality of sexual function is essential. This
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publication aims to synthesize the current knowledge on the relationship between the use
of opioids and the occurrence of sexual dysfunctions.

2. Etiology and Pathophysiology

The etiology of sexual dysfunctions is often multifactorial, making it challenging to
distinguish these dysfunctions and then clearly set a proper diagnosis. The fundamental
problem is whether a given disorder is due to organic dysfunction or is psychological
in origin. The International Classification of Diseases 11th Revision (ICD-11) divides
sexual disorders into sexual dysfunctions and sexual pain disorders [7]. Additional coding
(HA40.2) is recommended for the conditions associated with the use of opioids (Table 1).

Table 1. ICD-11 classification of sexual disorders possibly associated with opioids [7].

17 Conditions Related to Sexual Health

Sexual dysfunctions
HA00 Hypoactive sexual desire dysfunction

HA01 Sexual arousal dysfunctions
HA02 Orgasmic dysfunctions

HA03 Ejaculatory dysfunctions
HA0Y Other specified sexual dysfunctions

HA0Z Sexual dysfunctions, unspecified
Sexual pain disorders

HA20 Sexual pain-penetration disorder
HA2Y Other specified sexual pain disorders

HA2Z Sexual pain disorders, unspecified

HA40 Aetiological considerations in sexual dysfunctions and sexual pain disorders
HA40.2 Associated with use of psychoactive substance or medication

In cancer patients, occurrence of sexual dysfunctions depends on the primary tumor
location and treatment used. It is associated with, among other things, damage to the
vascularization or innervation of the genital organs and their damage or post-surgical
scarring, radiotherapy, high-dose chemotherapy, hormonal disorders, chronic fatigue and
pain [6,8]. It results in (1) loss of desire; (2) genitourinary atrophy, dryness and pain,
(3) difficulty experiencing pleasure and reaching orgasm, and (4) erectile dysfunction.
Additionally, they may also be a sequela of psychological problems, such as unacceptance
of one’s body image. On top of that, stomas in patients with gastrointestinal or urinary
tract cancers may impede sexual activity as well.

2.1. The Role of Hormones

Hormones are an essential factor in modulating sexual functions. The role of testos-
terone, dehydroepiandrosterone (DHEA), and prolactin are best known, while the functions
of estrogen, oxytocin, and progesterone are less clear. Testosterone in men increases libido,
the degree of excitement, sexual satisfaction, the degree of penile stiffness, and the time
of erectile response [9]. In women, it increases desire, excitement, vaginal congestion,
and orgasm. These effects in women may, to some extent, be the effect of testosterone
conversion to dihydrotestosterone and estradiol [10,11].

DHEA, produced by the adrenal glands, works mainly as a prohormone, and testos-
terone, dihydrotestosterone, estrone, and estriol are formed as a result of its subsequent
transformations. It has a positive effect on desire, arousal, frequency of sexual thoughts, and
satisfaction with the physical and emotional aspects of sexuality, among other things [12].

Prolactin most likely inhibits sexual functions. It delays ejaculation and reduces
craving. Its concentration increases after the onset of orgasm, and it is responsible for the
subsequent refractory period (feeling of sexual satiety and inhibited sexual behavior) [13].
Estrogens affect proper vaginal lubrication in women, increase excitement and, through
muscle relaxation, prevent dyspareunia [14]. Oxytocin at high doses probably reduces
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sexual arousal and causes a refractory period after orgasm in males, whereas, at lower
doses, it probably stimulates sexual behavior. Its secretion increases during sexual arousal
and probably also stimulates the occurrence of erection—its concentration in the central
nervous system is reduced in men with erectile dysfunction [15]. Progesterone is poorly
understood in this respect. It probably inhibits sexual functions [14].

The effects of opioids on the endocrine system are probably mainly related to their
effects on the hypothalamic–pituitary–gonadal axis (Figure 1). The mu-opioid receptors
(MOR) are found in the hypothalamus [16], pituitary [17], testes [18], and ovaries [19].
Therefore, inhibition by opioid agonists of both the hypothalamus’s pulsatile secretion of
the gonadotropin-releasing hormone (gonadoliberin; GnRH) causing hypogonadotropic
hypogonadism, and the testosterone secretion directly in the testes occur. Another mecha-
nism is related to the increase in prolactin secretion by the pituitary gland, which reduces
the secretion of testosterone [20]. In addition, the production of DHEA in the adrenal cortex
may be reduced [20], and a study on rats in which morphine was used shows that there
may be an increase in the mRNA expression of enzymes that break down testosterone [21].

Figure 1. The impact of opioids on the hypothalamus−pituitary−gonadal axis.

2.2. Sexual Desire

Sexual desire can be defined as a subjective psychological state related to the initiation
and maintenance of sexual behavior caused by internal or external factors [22] or as the
sum of factors that motivate or demotivate a person to engage in sexual activity [23]. It
depends on biological, psychological, and social aspects. The biological aspects comprise,
inter alia, the actions of the endocrine system and neurotransmitters. The stimulating
neurotransmitters include dopamine, norepinephrine, oxytocin and melanocortins (beta-
endorphin, adrenocorticotropic hormone, and alpha-melanotropin). The inhibitory ones
include serotonin, endogenous cannabinoids, and opioids [24]. In the DSM-5 (Diagnostic
and Statistical Manual of Mental Disorders) classification, there is a concept of Female
Sexual Interest–Arousal Disorder (FSIAD), defined as the absence or a significant reduction
in sexual interest or arousal. It consists of six domains: (1) sexual activity, (2) sexual or erotic
thoughts or fantasies, (3) initiation of sexual activity, (4) excitement or pleasure during
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sexual activity, (5) sexual interest or arousal, and (6) genital or non-genital sensations during
sexual activity. The absence, or a significant reduction, of at least three of them for at least
six months and 75–100% of the time allows the diagnosis of the disorder [25].

In men, a similar disorder, in the DSM-5 classification, is the reduction of sexual desire
in men, defined as Male Hypoactive Sexual Desire Disorder (MHSDD) [25].

2.3. Erection

Male erection is a complex neurovascular process dependent on balancing inhibitory
and stimulating factors (sympathetic and parasympathetic systems, respectively). The
reflex is caused by the stimulation from the sacral (S2–S4) section of the spinal cord,
triggered by stimulation of penile afferents or by higher centers of the central nervous
system upon visual, olfactory, and tactile stimulation, or imagination [26–28]. It causes the
extension of the penile arteries, and simultaneous pressure on the venous vessels causes
blood stagnation in the corpus cavernosum of the penis and, as a result, an erection.

Erectile dysfunction (ED) in a man can be diagnosed when during almost all occasions
of sexual activity (75–100% on average), at least one of the following three symptoms
occurs: (1) marked difficulty in obtaining an erection during sexual activity, (2) marked
difficulty in maintaining an erection until completion of sexual activity, (3) marked decrease
in erectile rigidity [25]. The incidence of ED in the general population ranges from 10–15%
in men aged 40–49 to 50–70% in men aged 60–79 years [29,30] Risk factors include age,
cardiovascular diseases, diabetes, obesity, smoking, and depression [31,32]. The incidence
of ED in the cancer patient population may be around 29% at the time of diagnosis and
43% after treatment, but it is strongly dependent on the type of cancer and may be up to
80–90% for prostate, anus or colorectal cancers [33]. The effect of opioids on male erection
is not well known. Several mechanisms that may coincide are suggested. First of all, by
affecting MOR located in the area of the paraventricular nucleus of the hypothalamus,
these drugs can inhibit the synthesis of nitric oxide (NO), which is part of the neurological
pathway responsible for inducing an erection [27,34]. Another mechanism is related to the
aforementioned reduction of testosterone concentration by inhibiting GnRH secretion in
the hypothalamus and directly inhibiting testosterone secretion in the testes [20]. Based on
studies in animal models, it can be assumed that there are other mechanisms affecting the
peripheral nervous system [35].

2.4. Orgasm

A woman’s orgasm can be defined as “a variable, transient peak sensation of intense
pleasure creating an altered state of consciousness usually with an initiation accompanied
by involuntary, rhythmic contractions of the pelvic striated circumvaginal musculature
often with concomitant uterine and anal contractions and myotonia that resolves the
sexually-induced vasocongestion (sometimes only partially) and myotonia usually with an
induction of well-being and contentment” [36]. In men, orgasm is related to ejaculation and
results from stimulation of the vulvar nerve by increasing pressure in the posterior part
of the urethra during ejaculation, stimulation of verumontanum, and contraction of the
urethra and accessory sexual organs [37]. Physiological changes during a male orgasm are
similar to those in the female body: contractions of the pelvic muscles and anal sphincter,
hyperventilation, tachycardia, and increased blood pressure [38]. An orgasmic disorder
listed in the ICD-10 classification is inhibition of orgasm (anorgasmia). It occurs when
orgasm is not achieved despite high levels of excitement, or the intensity of the feeling of
orgasm is reduced or delayed. It is more common in women than men [25].

The data on a prevalence of orgasmic disorders in cancer patients and mechanisms
of influence of opioids on orgasm is scarce. In women it may be connected with low
testosterone level [20].
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3. Diagnostic Tools

Apart from the regular history, the most frequently used tools for diagnosing and as-
sessing the effectiveness of sexual disorders treatment are self-report techniques consisting
of the patient’s self-assessment by answering the questions posed in a given questionnaire.
They facilitate a conversation about the sexual domain of the patient’s life and consecutive
diagnostics. They can be especially beneficial for practitioners inexperienced in collecting
sexological history. None of the available tools refer to opioid use, nor have they been
validated in the opioid users’ population.

3.1. Female Sexual Function Index (FSFI)

For women, the Female Sexual Function Index (FSFI) can be used (Table 2). It consists
of 19 items combined in six areas: (1) desire, (2) arousal, (3) lubrication, (4) orgasm,
(5) sexual satisfaction, and (6) pain, assessed for the last four weeks [39]. This questionnaire
has been validated in cancer survivors [40] and is suggested by the Cancer Patient-Reported
Outcomes Measurement Information System (PROMIS) Sexual Function Committee [41].
Additionally, the Brief Sexual Symptom Checklist for Women (SSFF-A) can be used as a
primary screening tool of women with cancer [42].

Table 2. Areas assessed by the diagnostic tools in women (Female Sexual Function Index) and men
(International Index of Erectile Function) [39,43].

Female Sexual Function Index (FSFI) International Index of Erectile Function (IIEF)

Desire
Arousal

Lubrication
Orgasm

Sexual satisfaction
Pain

Erectile function
Orgasmic function

Sexual desire
Intercourse satisfaction

Overall satisfaction

3.2. International Index of Erectile Function (IIEF)

In men, the International Index of Erectile Function (IIEF), which is also suggested by
the PROMIS Sexual Function Committee [41], can be used. It is a 15-item questionnaire
assessing five areas (Table 2) in the four weeks prior to testing [43]. The IIEF-5 questionnaire,
i.e., a shortened version of the IIEF consisting of five items, may be more convenient in
clinical practice [44].

Additionally, there are questionnaires developed for specific cancer populations: Uni-
versity of California-Los Angeles Prostate Cancer Index (UCLA PCI) [45], Sexual Function-
Vaginal Changes Qeustionnaire [46] for the assessment after gynecological cancer and FSFI
adaption for breast cancer patients (FSFI-BC) [47].

4. Epidemiology

4.1. Sexual Disorders in Cancer Patients

Sexual disorders are a common problem in cancer patients, and their occurrence
depends on the primary tumor location and treatment used [6,8]. On average, they affect
more than half of patients, but they vary widely depending on specific cancers. In female
breast cancer, it may be around 66% [48], 65–90% in colorectal cancers [33,48], 78% in
gynecological cancers [48] and up to 80% in prostate cancer [49].

4.2. Sexual Dysfunction in Patients Taking Opioids

There has been little research on sexual dysfunction with opioids in people with cancer
as yet, so most of the evidence comes from studies in other patient populations.

In a case–control study by Rajagopal et al. [50], the incidence of hypogonadism and
sexual dysfunction in men on chronic opioid therapy for cancer pain was assessed. The
study and control groups consisted of 20 men each, who had taken at least 200 mg/day
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of an oral morphine equivalent (OME) dose for at least one year, or placebo, respectively.
The total testosterone, FSH, and LH concentrations were measured, and the quality of
sexual function was assessed using the Sexual Desire Inventory (SDI) questionnaire. The
mean concentration of all three hormones was two to three times lower in the study than
in a control group. The mean SDI score was 18.5 vs. 40 in the control group, and it was
statistically significant (p = 0.01).

In a study by Venkatesh et al. [51], the sexual function of 100 men with a history of at
least one year of opioid dependence vs. 50 men in the control group was assessed. Forty-
eight percent, vs. eight percent in the control group, had sexual dysfunction according
to the Arizona Sexual Experiences Scale (ASEX). Of them, 45% had ED, defined as less
than 25 points on the IIEF-5 scale, significantly more often than in the control group (16%).
Ninety-two percent of the study group had impairment of at least one of the five functions
tested on the IIEF-5 scale, vs. sixteen percent in the control group. Other sexual functions
were also impaired vs. the control group: desire (41% vs. 8%), sexual arousal (29% vs. 2%),
the ability to achieve orgasm (21% vs. 0%), and satisfaction with orgasm (25% vs. 6%).

In a meta-analysis by Zhao et al. [52] of nine cross-sectional studies and one cohort
study involving 8829 patients on chronic opioid therapy, or heroin- or opium-addicted, the
relative risk (RR) of ED approached 2. In addition, a strong association between long-term
opioid use (>3 years) and ED was reported (RR 2.25), also in men under 50 years (RR 2.21).

Deyo et al. [53] investigated the frequency of prescribing medications or testosterone
replacement therapy (TRT) for ED in 11,327 men prescribed opioids for lower back pain.
It appeared to be associated with the doses and duration of opioid use, and in the case of
long-term opioid use (>120 days or at least ten prescriptions over >90 days), it equaled
13.1% and was higher (19%) in the presence of a high daily opioid dose (OME > 120 mg).

In a prospective observational study (Ajo et al. [54]), opioid-induced sexual disorders
were reported in 33% of patients. ED was present in 27.6%, and in 64% of cases it was
assessed as severe.

In a study on men by Rubinstein et al. [55], use of long-acting opioids was connected
with higher frequency of hypogonadism than in men using short-acting opioids—74%
(34/46) vs. 34% (12/35). After controlling for daily dosage and body mass index, men on
long-acting opioids had 4.78 times greater odds of becoming hypogonadal than men on
short-acting opioids. The studies on long-acting (sustained release) opioids seem to be of
great importance, as opioids of that type are a base of cancer pain treatment.

4.2.1. Tramadol

In a case–control study, Hashim et al. [56] compared sexual function in a group of
opioid addicts in tramadol, heroin, and control groups of 30 patients each. The mean scores
on the IIEF-5 scale regarding erection were 8.6, 15, and 29.9, respectively, and the differences
between the groups were statistically significant (p < 0.001). Compared to placebo, tramadol
worsened orgasm (p = 0.003), desire (p = 0.002), and overall satisfaction (p < 0.001). The
concentrations of free testosterone (p = 0.041) and LH (p = 0.004) were also significantly
reduced versus the control group. However, all the assessed indicators were significantly
better among tramadol addicts than heroin users (p < 0.001).

In a small study by Kabbash et al. [57], ED occurred in 44% of addicts taking tra-
madol and 10% in the placebo control group (p = 0.001). The occurrence of ED was dose-
related and equaled 14.3% in the individuals taking ≤ 400 mg/day, 48.4% in the case of
400–1000 mg/day, and 50% when the dose exceeded 1000 mg/day, although the differences
between the groups were not statistically significant (p = 0.23). Notably, a higher incidence
of ED was reported when the daily dose exceeded the maximum recommended for regular
medical use. Furthermore, the incidence of ED depended on the duration of tramadol
use and was 20% for 1–2 years, 30.4% for 2–5 years, and 63.6% for more than 5 years
(p = 0.04). Serum testosterone concentration was significantly lower in tramadol addicts
than in the control group (p = 0.001), whereas serum prolactin concentration was sig-
nificantly higher (p = 0.001). Consistently, a higher incidence of decreased libido was
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noticed in the group taking tramadol than in the control group (48% vs. 16.7%; p = 0.005).
Noteworthily, 20% of the individuals in this study reported off-label tramadol use for the
prevention of premature ejaculation [57]. Based on animal models, low tramadol doses
may stimulate ejaculation, while high doses have an inhibitory effect [58]. According to a
few studies, it may be effective in treating premature ejaculation [59]; however, the quality
of evidence is low. Interestingly, one of reported adverse events was erectile dysfunction.

4.2.2. Morphine

So far, there is no clinical evidence of morphine concerning sexual dysfunction. How-
ever, based on animal models, the intraperitoneal administration of morphine to male rats
reduces the likelihood of erections proportionally to its dose, and the effect was reversed by
naloxone [60]. Interestingly, the administration of naloxone alone at the lowest dose tested
(0.1 mg/kg) also inhibited erection, and this effect was not observed at higher doses (1 and
10 mg/kg).

Additionally, the impact of morphine on sexual functions can be extrapolated from
diamorphine (diacetylmorphine, heroine), a pro-drug deacetylated to morphine as an
active molecule.

4.2.3. Methadone and Buprenorphine

Methadone and buprenorphine, especially as an opioid substitution therapy, are
collectively the subject of the largest number of research papers on this topic. In a meta-
analysis of 16 studies on the prevalence of sexual dysfunction among male patients on
methadone and buprenorphine therapy by Yee et al. [61], 52% of the 1570 methadone-
treated patients reported sexual dysfunction. ED was assessed in 12 studies and occurred
in 46% of patients. Decreased desire or libido was observed in 51% of patients in four
studies collectively.

In the meta-analysis by Zhao et al. [52], the use of methadone was associated with a
lower risk of ED (RR = 1.82) compared to other opioids (heroin and opium; RR = 2.04) in
this study, which may explain the improvement in sexual function after starting methadone
replacement therapy.

In the above-cited meta-analysis by Yee et al. [61], the incidence of sexual dysfunction
in patients taking buprenorphine was 24%. A meta-analysis of four studies comparing
the incidence of these disorders in patients taking buprenorphine and methadone re-
vealed that methadone was associated with a five-fold higher risk of sexual dysfunction
(OR = 4.95). Another study by this author [62] showed that patients taking buprenorphine
(average dose 2.4 mg/day) reported a higher degree of sexual desire than patients using
methadone (average dose 74.5 mg/day)—7.6 and 6.1 on the IIEF scale, respectively—and
higher testosterone concentrations (18.5 vs. 12.5 nmol/L).

In turn, in a small study by Hallinan et al. [63], the mean IIEF score did not dif-
fer significantly between buprenorphine and control groups and was better than in the
methadone-treated patients (61 vs. 50).

In a study of 258 women, mean age of 38 years, taking methadone (mean 61 mg/day)
or buprenorphine (mean 11 mg/day) as opioid maintenance therapy, 56% of patients
reported sexual dysfunction [64]. Notably, the patients with sexual dysfunction were
characterized, inter alia, by older age, lower levels of education, higher doses of methadone,
and worse mental health than patients without sexual dysfunction.

The lower incidence of sexual dysfunction in buprenorphine use compared to other
opioids may be explained by its partial agonist/antagonist mode of action [65].

4.2.4. Tapentadol

In a 12-week randomized clinical study, Baron et al. [66] compared the safety of
prolonged-release tapentadol with prolonged-release oxycodone/naloxone tablets in pa-
tients with severe chronic low back pain with a neuropathic component. The participants
were <64 years old and had an initial testosterone concentration within the normal range.

129



Cancers 2022, 14, 4046

Mean doses of opioids were 362 mg for tapentadol and 83 mg for oxycodone/naloxone. In
45.5% of the oxycodone/naloxone patients, testosterone concentrations decreased below
the norm, while this only occurred in 10.5% of the tapentadol group.

An important limiting factor for the presented studies is a lack of control for confound-
ing factors (e.g., pain, mental health, physical health, quality of life) between opioid and
non-opioid groups. Additionally, most of the evidence is derived from patients addicted to
opioids, and this population may not be representative for patients taking opioids for cancer
pain as addiction differs from appropriate prescription opioid use and both populations
are also different.

5. Treatment of Opioid-Induced Sexual Dysfunction

There are few treatment options for sexual dysfunction (Table 3), and most of the
studies were based on male groups only. The choice of an opioid with a less-negative
impact on the endocrine system, such as buprenorphine or tapentadol, seems to be a
vital element of management, but clinical evidence for the effectiveness of such a strategy
is scarce.

Table 3. Pharmacological treatment options for opioid-induced sexual dysfunction.

Pharmacological Treatment Options

Testosterone Replacement Therapy
Bupropion
Trazodone

Opioid antagonist (naltrexone, nalmefene)
Phosphodiesterase type 5 inhibitors

Plant-derived medicines (damask rose oil, ginseng)

5.1. Testosterone Replacement Ttherapy

In a medium-sized, 3-year prospective observational study, Ajo et al. [54] verified the
effectiveness of testosterone replacement therapy (TRT) and the phosphodiesterase type
5 inhibitor (PDE5i) for the treatment of ED in patients using opioids (the mean duration
of opioid therapy was 5 years and 6 months, the mean opioid dose was 107.1 mg/day
OME). After six months of therapy, 42% of patients experienced a significant improvement
as measured by the IIEF questionnaire. A positive correlation was also observed between
the improvement in the IIEF score and the quality of sexual life and a reduction of anxiety.
However, one systematic review [67] suggests that TRT may be effective only in improving
pain and emotional functioning, but not sexual function. The quality of evidence is low,
and further research is needed.

5.2. Bupropion and Trazodone

A small-sized, randomized, double-blind, placebo-controlled trial investigated the effi-
cacy of 50 mg bupropion twice a day in the treatment of sexual dysfunction in men using
methadone (mean 70 mg for 46 months) [68]. The mean erection quality score measured on the
IIEF-15 scale improved from 18.1 to 22.6, and sexual satisfaction from 7 to 8.8, with statistically
significant differences, compared to the control group (p = 0.03 and p = 0.02, respectively).

The efficacy of trazodone on erectile dysfunction in men on methadone maintenance
therapy was evaluated in a small study [69]. Patients received 50 mg/day of trazodone
for four days, then the dosage was increased to 100 mg/day and maintained for six weeks.
The mean score on the Erectile Dysfunction Intensity Scale (EDIS) improved from 12.21 to
16.78 (p < 0.05; 5–10—severe ED, 11–15—moderate ED, 16–20—mild ED, 21–25—no ED)

5.3. Opioid Receptor Antagonists

Another therapeutic option for ED is the use of an opioid receptor antagonist. In a
study by van Ahlen et al. [70], the efficacy of naltrexone in the treatment of idiopathic ED
has been investigated. Patients in the study group took 25 mg of naltrexone for four weeks
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followed by 50 mg of naltrexone for another four weeks. An improvement in the number
of morning spontaneous erections was reported for both the 25 mg and 50 mg naltrexone
treatment arms. Such an improvement was not seen in the placebo group. Neither libido,
nor FSH, LH, or testosterone, changed in either the research or the placebo groups. The
authors attribute the erectile-stimulating effect of naltrexone in the group of patients not
taking opioids to the antagonization of endogenous opioids, which may inhibit sexual
function and lower LH release. An alternative to naltrexone may be nalmefene, which may
also increase FSH, LH, and testosterone levels [71].

In one study the frequency of sexual dysfunctions in patients on buprenorphine and
naltrexone maintenance therapy was compared [72]. Erection difficulty and reduction
of sexual desire was reported more often by patients in the naltrexone group than in
the buprenorphine group (66.7% vs. 43.3% and 46.7% vs. 33.3%) when asked about
experiencing them “ever”. However, when asked about the last month, both groups
reported similar frequency of erection difficulty, and the reduction of sexual desire was
higher in the buprenorphine group (10% vs. 26.7%). Additionally, sexual functions were
similar between the two groups when measured with Brief Male Sexual Functioning
Inventory (BMSFI) and asked about the last month. The quality of evidence is rather poor.

There are no studies on peripheral restricted opioid receptor antagonists as a treatment
for opioid-induced sexual dysfunction.

5.4. Plant-Derived Medicines

There is limited evidence for the effectiveness of herbal products, including damask
rose oil. It has been tested in a small, randomized, double-blind, placebo-controlled trial of
women undergoing methadone replacement therapy [73]. Improvement was demonstrated
in all domains of the FSFI scale after eight weeks of treatment.

Another randomized controlled trial shows that ginseng may also have a positive
effect on methadone-induced sexual function, both in men and women [74].

5.5. Non-Pharmacological Methods

There are no studies on the effectiveness of non-pharmacological methods for the
treatment of opioid-induced sexual dysfunction. However, as these drugs may be only one
of the etiological factors, the use of standard non-pharmacological methods in these disor-
ders should be considered. These include, among others, psychotherapy or psychosexual
therapy [75,76], physiotherapy [77], physical therapy with the use of instruments [78] and
the use of lubricants in women [75], and the use of erection aids in men [79].

6. Conclusions

Sexual disorders are common among cancer patients undergoing opioid therapy,
yet they are frequently overlooked and untreated. The etiology of these disorders is
multifactorial and, therefore, difficult to interpret, as the disease itself and its treatment
could be confounding variables not controlled in the presented studies. However, despite
the scarce evidence, opioids may be one of the etiological factors not widely known so
far. The pathophysiology of this phenomenon is not yet clear and should be a subject
for future research. It may include disorders of both the endocrine and nervous systems,
resulting in, among other things, ED and deteriorating sexual desire, sexual arousal, orgasm,
and general satisfaction with sex life. The treatment options for opioid-induced sexual
dysfunction include testosterone replacement therapy, phosphodiesterase type 5 inhibitors,
bupropion, opioid antagonists, and plant-derived means, such as damask rose oil and
ginseng. However, most of them were studied in males, and further research on treatment
for women is needed. Although opioids are believed to be an important cause, the etiology
is usually multifactorial, so management should be multifaceted and individualized by
targeting pathophysiological factors. One of the treatment options may also be a choice of
an opioid that is less likely to cause sexual dysfunction, yet further research is necessary.
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Simple Summary: Patients with breast cancer frequently complaint from insomnia difficulties that
can affect quality of life and cancer progression. Such difficulties may result from rest-activity
(i.e., 24 h alternation of sleep and wake) rhythm alterations consistently reported in this pathology.
Currently proposed approaches to counter insomnia difficulties in patients with breast cancer have
positive effects only on sleep complaints and well-being. Moreover, such approaches may be difficult
to implement shortly after chemotherapy. Innovatively, vestibular stimulation would be particularly
suited to tackling insomnia symptoms in patients with breast cancer. Indeed, recent reports have
shown that vestibular stimulation could improve rest-activity rhythm and sleep in healthy volunteers.
This perspective paper aims to support the evidence of using vestibular stimulation to improve
rest-activity rhythms and reduce insomnia symptoms in patients with BC, with beneficial effects on
quality of life and, potentially, survival.

Abstract: Insomnia symptoms are common among patients with breast cancer (BC; 20–70%) and
are predictors of cancer progression and quality of life. Studies have highlighted sleep structure
modifications, including increased awakenings and reduced sleep efficiency and total sleep time. Such
modifications may result from circadian rhythm alterations consistently reported in this pathology
and known as carcinogenic factors, including lower melatonin levels, a flattened diurnal cortisol
pattern, and lower rest-activity rhythm amplitude and robustness. Cognitive behavioral therapy
and physical activity are the most commonly used non-pharmacological interventions to counter
insomnia difficulties in patients with BC. However, their effects on sleep structure remain unclear.
Moreover, such approaches may be difficult to implement shortly after chemotherapy. Innovatively,
vestibular stimulation would be particularly suited to tackling insomnia symptoms. Indeed, recent
reports have shown that vestibular stimulation could resynchronize circadian rhythms and improve
deep sleep in healthy volunteers. Moreover, vestibular dysfunction has been reported following
chemotherapy. This perspective paper aims to support the evidence of using galvanic vestibular
stimulation to resynchronize circadian rhythms and reduce insomnia symptoms in patients with BC,
with beneficial effects on quality of life and, potentially, survival.

Keywords: sleep; insomnia; breast cancer; circadian rhythms; vestibular stimulation; chemotherapy

1. Sleep Is Often Overlooked as a Target to Improve Quality of Life and Survival in
Patients with Cancer

We spend around one-third of our lives sleeping, which is critical for learning and
memory, the immune system, brain energy, and plasticity [1,2]. Inadequate sleep is associ-
ated with numerous illnesses detrimental to metabolic and cardiovascular health, including
a predisposition to obesity, diabetes, heart disease, and depression [3,4]. Sleep complaints,
in particular, insomnia, are now well recognized in patients with non-central nervous
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system (CNS) cancers, not only following chemotherapy [5,6] but also before the occurrence
of treatments [7–9]. Despite the high prevalence of complaints related to sleep disturbances
in patients with cancer, such disturbances remain under-evaluated using gold-standard
measures and are, thus, misunderstood in this population.

Sleep disturbances have been associated with increased risks of cancer [10–12] and
tumor progression [13,14] in mouse models. Cancer could also indirectly influence sleep
through various pathophysiological processes, including inflammation [15–17]. Therefore, a
bi-directional relationship between sleep disturbances and inflammatory-associated cancer
processes may exist. Sleep is part of one circadian rhythm (i.e., physiological processes
regulated over 24 h) called the rest-activity rhythm. Previous reports have consistently
shown rest-activity rhythm, and more generally, circadian rhythm, alterations in patients
with cancer [18–21] that have been brought to the fore as a potential carcinogenic factor
and are now considered a potential therapeutic target to improve survival in patients
with cancer. Targeting not only sleep difficulties but also, more broadly, circadian rhythm
alterations in patients with cancer would therefore offer the opportunity to improve their
quality of life and also their survival.

2. Insomnia Symptoms and Sleep Structure Modifications in Patients with Breast Cancer

Insomnia is among the most common sleep complaints in patients with cancer, par-
ticularly in those with breast cancer (BC; 20–70%) compared to those with other non-CNS
cancers and the general population (30%) [22,23]. Moreover, BC has become the most
commonly diagnosed cancer in women worldwide [24]. Therefore, this perspective paper
will focus on BC. The following section is intended to provide an overview of insomnia
difficulties in patients with BC. An in-depth review of such difficulties is beyond the scope
of this paper and has been specifically conducted previously [25–27].

Recent studies have shown that insomnia complaints are present in patients with BC
even before and at diagnosis [28], before treatment initiation [25], and following treatment,
mainly radiotherapy and chemotherapy [25,28,29]. Based on these results highlighting sleep
complaints in patients with BC, and to tackle such difficulties, there is a need to describe the
actual sleep structure modifications associated with BC and its treatments. Sleep structure
disturbances in patients with BC have been mainly described using actigraphy, which
indirectly measures sleep quality and quantity. However, while polysomnography (PSG)
remains the gold standard for evaluating sleep quantity and quality, it has been less used
in patients with cancer [30,31].

Two studies using actigraphy reported worse total sleep time and sleep efficiency
before initiating chemotherapy treatments for BC [32,33] compared to normative values es-
tablished in the US using actigraphy data [34]. Kreutz et al. [35] evaluated sleep parameters
using actigraphy in patients with BC starting chemotherapy compared to normative data
and stratified patients as good and poor sleepers. Patients did not differ from normative
data, and no difference was found between good and poor sleepers. Unfortunately, no
information was available about the time since the start of chemotherapy at the time of eval-
uation. However, the significance of these results is limited by the lack of a control group.

Two recent studies [36,37] evaluated sleep parameters using actigraphy in patients
with BC at least 12 months after treatment completion (e.g., surgery, radiotherapy, or
chemotherapy) or within 12 months after chemotherapy. Trivedi et al. did not find differ-
ences in sleep parameters between healthy controls and patients with BC 12 months after
chemotherapy completion. Given the variability in treatments in their sample, this study
does not permit us to disentangle the effects of each treatment modality. Moreover, since
more than half of their sample took endocrine therapy, this could have driven their results.
Ratcliff et al. found that patients with BC experienced relatively long waking after sleep
onset, poor sleep efficiency, and short total sleep time compared to non-clinical norms [38].
However, no control group was included in this study.

Other studies have performed longitudinal protocols before, during, and/or after
chemotherapy [39–46], of which only two included a control group without a history of
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cancer [42,43]. Their results showed longer total sleep time and nap time during chemother-
apy compared to before treatment [39,40,44] and controls [42,43]. Conversely, Li et al.
showed that chemotherapy initiation was associated with less sleep time, more arousal,
and lower sleep quality compared with pretreatment and at the end of chemotherapy [46].
Beck et al. also reported a shorter sleep time on the first night after initiating chemotherapy
than before and after [45]. Finally, Kuo et al. found no difference between assessments
before and during chemotherapy [41]. Therefore, reports about the effects of chemotherapy
on sleep parameters measured in actimetry are highly variable and do not allow us to draw
a definitive conclusion. Nevertheless, a literature review published in 2015 [47] concluded
that chemotherapy might accentuate sleep difficulties already present before the initiation
of treatment for BC.

To our knowledge, only three studies have investigated the effects of endocrine ther-
apy (anti-aromatase) [48,49] and radiotherapy [50] on sleep parameters measured using
actimetry in patients with BC. One study showed no changes in sleep efficiency, total sleep
time, and nocturnal arousals at endocrine therapy initiation compared to before [48]. This
study’s lack of a control group could explain the lack of significant changes in sleep patterns
with endocrine therapy. Conversely, Martin et al. [49] found that patients treated with
endocrine therapy had lower sleep efficiency, more time awake, and higher activity levels
at night than patients treated only with surgery and radiotherapy. Another study showed
that almost half of the patients treated with radiotherapy had wakefulness and total sleep
times outside the normal values [50].

Due to its ease of use, actigraphy is the primary approach used to evaluate sleep in
patients with cancer. However, it does not facilitate a deep characterization of sleep and
its pathophysiological modifications. In contrast, PSG is considered the gold standard
for sleep evaluation. It comprises a multimodal recording (electroencephalography, elec-
trooculography, electromyography, cardiac activity, and oximetry) and enables a deeper
understanding of sleep modifications.

Previous experimental studies using PSG to evaluate sleep in patients with BC are scarce
and have shown either a lack of sleep alterations following chemotherapy [51,52] or deleteri-
ous effects of chemotherapy and/or radiotherapy [53,54]. One study reported a longer deep
sleep duration after radiotherapy in patients with BC than in healthy controls [53]. However,
in this latest study, the delay between the PSG recording and the end of radiotherapy was
unclear. In their pioneering study, Silberfab et al. [51] showed no differences between
patients with BC and control subjects without a history of cancer for the primary sleep
parameters of efficiency, number of awakenings, duration of stages, and sleep latency.
Roscoe et al. [52] showed that patients slept more after than before chemotherapy. This
result could be explained by poor sleep quality at baseline due to the stress associated
with the cancer diagnosis and apprehension about chemotherapy or by an accumulation of
fatigue and sleep deprivation during treatment leading to compensation after treatment.

Parker et al. compared the sleep structure of patients treated for advanced non-CNS
cancers (stage 3 or 4 cancers), including 32 patients treated for BC (28% of the cohort) [54].
Their results showed that these patients had reduced sleep efficiency and amounts of the
different sleep stages outside the norms established by Williams et al. in healthy partici-
pants [55]. Tag Eldin et al. [53] analyzed the sleep architecture of treated and untreated
patients with BC and control subjects with no history of cancer. Patients treated with
chemotherapy or radiotherapy had lower sleep time and efficiency and higher sleep latency
and deep sleep duration than untreated patients and controls. Finally, the time spent in
rapid eye movement (REM) sleep was lower in these patients.

These studies have shown changes in sleep structure in patients treated for cancer.
Such sleep modifications may partly result from the circadian process alterations found in
this population.
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3. Circadian Rhythms Alterations in Patients with Cancer

Circadian rhythm alterations in patients with BC have been identified through physio-
logical markers, including melatonin production, temperature, and cortisol rhythms over
24 h, and also using actigraphy. The latter is particularly suited to quantifying rest-activity
rhythm (see [56] for rest-activity parameter definitions) over 24 h and is easier to use than
physiological measures, although both approaches are complementary. Previous reports
have indicated lower melatonin levels before and during chemotherapy administration [46].
Circadian disruptions such as hot flushes (i.e., a sudden wave of mild or intense body
heat caused by rapid hormonal changes) [57] and flattened diurnal cortisol patterns [58,59]
have been reported, supporting the view of circadian rhythm alterations in patients with
BC. Using actigraphy, a lower amplitude, mean activity, and robustness of the rest-activity
rhythm were identified in patients with BC during chemotherapy [42,46,60]. For example,
Li et al. [46] showed that the first administration of chemotherapy was associated with an
altered rest-activity rhythm, with a decrease in its amplitude, mean activity, and robustness
compared with pretreatment. These changes appeared to attenuate as the treatment cycles
were administered. Conversely, Sultan et al. [61] showed a worsening of alterations in the
rest-activity rhythm, with a decrease in mean activity and amplitude and a shift in peak ac-
tivity over chemotherapy cycles. However, the lack of measurements before chemotherapy
initiation leaves open the extent to which these alterations existed before chemotherapy.

In a longitudinal study, Liu et al. found alterations in rest-activity rhythm in patients
with BC compared with control subjects before and during chemotherapy [40]. Before and
after chemotherapy, the patients’ rhythm showed reduced amplitude, mean activity, and
robustness compared to controls. In patients, chemotherapy treatment was also associated
with decreased amplitude and mean activity of the rest-activity rhythm compared to
before chemotherapy initiation. In addition, two recent studies based on the same cohort
showed that changes in rest-activity rhythm associated with chemotherapy, reflected by its
decreased amplitude, mean activity, and intradaily variability, appeared to persist for up to
five years after BC diagnosis [62,63]. In these two studies, the mean diurnal activity was
lower, and its intradaily variability was larger in patients with BC than in healthy controls,
suggesting an alteration in the rest-activity rhythm over 24 h in patients, even at a distance
from their treatment. Overall, these results suggest that chemotherapy negatively impacts
circadian rhythms, notably on the rest-activity rhythm parameters, which appear to persist
years after chemotherapy. More recently, our team has shown that the amplitude of the rest-
activity rhythm was reduced in patients with BC not treated with chemotherapy compared
to healthy controls beyond the effects of endocrine therapy [49]. These results suggest that
rest-activity modifications may be altered even before the initiation of adjuvant treatments
and could be further exacerbated by chemotherapy. These results are summarized in
Table 1.
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Rest-activity rhythm modifications might be partly responsible for sleep disturbances
in patients with BC. Indeed, associations have been shown between greater fatigue and
altered circadian rhythms [64] but with greater time spent in bed [65] in nap periods [39].
These results suggest that fatigue would lead to an adaptation of sleep time over 24 h.
Increased fatigue following cancer and its treatment could therefore induce alterations in
the rest-activity rhythm and poor sleep habits (i.e., less activity time and more napping
time), leading to the development or persistence of sleep disturbances. Moreover, circadian
rhythm alterations have been associated with lower survival, calling for further studies to
evaluate and address these modifications to improve sleep, quality of life, and also survival.

4. Associations with Survival

The hypothesis that activity-rest rhythm disorders could be carcinogenic (i.e., con-
tribute to the occurrence of cancer) has emerged due to epidemiological studies showing an
increased risk of developing BC in individuals performing shift work. It has been proposed
that nocturnal exposure to light would suppress melatonin (a key regulator of central
and peripheral oscillators) secretion by the pineal gland [12,66,67]. The model developed
by Sephton et al. [68,69] has proposed a more precise interconnection about potential
pathways through which circadian dysregulation could mediate psychosocial effects on
cancer progression. They proposed that altered circadian rhythms and anxiety-depressive
factors might contribute to tumor growth by deregulating glucocorticoid secretion by the
hypothalamic–pituitary–adrenal axis [70]. In support of this model, a cortisol spike has
been observed in patients with advanced BC compared to healthy controls. Such a higher
nighttime peak was associated with a poorer prognosis, including more rapid development
of metastases [71].

It has also been proposed that altered sleep may be one modifiable factor contributing
to breast oncogenesis [10–12]. For example, a recent study on patients with advanced
BC found that better sleep quality and fewer arousals, measured by actimetry, were as-
sociated with significantly reduced mortality risk over six years of follow-up [72]. Sleep
disorders appear to be associated with an increased risk and/or higher aggressiveness of
cancer [73,74]. However, our understanding of the underlying mechanisms needs further
development and requires a multidisciplinary approach.

Screening for sleep disorders could be performed more systematically in patients
with BC in the context of research protocols or clinical practice when they complain of
difficulties in their daytime functioning. This screening would allow us to better understand
to what extent sleep disorders influence the occurrence, aggressiveness, and recovery of BC
and non-cerebral cancers in general and to treat sleep pathologies that potentially impact
patients’ quality of life.

5. Perspective of Using Vestibular Stimulation to Improve Sleep in Patients with BC

Commonly prescribed drugs such as benzodiazepines have well-known adverse
side effects [75–77]. Therefore, non-pharmacological interventions have gained increasing
attention as an alternative first-line approach in recent years. Current non-drug approaches
have been tested and partly validated to improve the quality of life and sleep complaints
of patients with BC during and after treatments [78]. Such therapies include adapted
physical activity or cognitive behavioral therapy that appear to positively affect quality
of life, self-esteem [79–82], and subjective reports of insomnia symptoms even in the long
term [83–88]. However, previous studies have provided a low quality of evidence [89].

However, while positively affecting well-being and self-reported sleep difficulties,
these approaches are not explicitly targeting potential carcinogenic modifiable factors such
as circadian rhythms and sleep. A challenge also remains when making non-drug therapies
available and easily accessible to patients to improve adherence [90,91], highlighting the
need for other approaches, such as vestibular stimulation. Indeed, previous reports suggest
that chemotherapy for BC may affect vestibular function [92–95]. Moreover, considering
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the implication of the vestibular system in circadian regulation, its stimulation may offer a
unique opportunity to regulate circadian rhythms and improve sleep in patients with BC.

The vestibular system is located within the inner ear next to the cochlear organ. It
comprises three semi-circular canals detecting three-dimensional angular head velocity
and two otolithic sensors detecting linear acceleration.

Besides its known role in detecting head movements and orientation, promising find-
ings from lesion studies have also suggested that the vestibular system could constitute
an input to the circadian clock or be involved in circadian regulation and synchroniza-
tion [96–98]. Fuller et al. reported an association between the vestibular system and the
circadian pacemaker based on animal studies [99–101]. In support of this hypothesis,
bilateral vestibular lesions in rats led to a sharp fall in their core temperature and a dis-
ruption in their daily rhythmicity [96]. Similarly, a study in healthy volunteers reported a
significant phase advance in the rest-activity rhythm using vestibular stimulation through
a rotary chair at 18:00 compared to sham stimulation (i.e., lack of chair inclination and
movement) [102]. These results support the hypothesis of the involvement of vestibular
inputs in rest-activity rhythm regulation.

Since sleep is intimately associated with the rest-activity rhythm, these results sug-
gested a potential association between sleep and the vestibular system. Patients with
bilateral vestibular loss had abnormal sleep patterns and shorter sleep duration than
healthy controls [97]. A recent study used actigraphy to quantify sleep in patients with
unilateral vestibular hypofunction, finding that they slept less and took longer to fall asleep
than healthy controls [103]. Recent epidemiological evidence has also shown abnormal
sleep duration in patients with vestibular vertigo [104]. In addition, several studies have
highlighted a potential association between sleep apnea (i.e., one of the most frequent sleep
disorders) and vestibular impairments. However, this association remains to be clearly
established [105,106].

The putative causal link between the vestibular system and sleep is strengthened
by recent reports showing that the rehabilitation or stimulation of the vestibular system
could promote sleep. In-hospital vestibular rehabilitation for chronic dizziness improved
sleep complaints compared to before therapy [107]. Participants were taught to perform
the rehabilitation program for 30 min four times a day over five days when they were
in the hospital, and this program was conducted in groups. Similarly, compared to a
stationary condition, continuous rocking (at 0.25 Hz) during an afternoon nap or the night
promoted sleep by reducing latency into and maintenance of deep sleep (non-REM) in
healthy volunteers [108,109]. Finally, a study evaluating the effects of a recliner chair with
a rocking motion on sleep in healthy volunteers reported a decrease in light sleep and an
increase in deep sleep when the chair moved compared to being stationary [110].

Positive effects of vestibular stimulation appear to be mediated by a decrease in the
arousal level resulting from cholinergic tonus modulation and rhythmic entrainment of
thalamocortical activity [111]. Older adults are more prone to experience sleep difficulties
and are therefore of particular interest in using vestibular stimulation as a sleep-promoting
intervention. However, three recent studies did not report sleep improvements using
night or afternoon nap vestibular stimulation through rocking [112–114]. While this lack of
significant effects of rocking on sleep may be due to the already high sleep efficiency of
the participants, it could also be argued that the stimulation protocol was inadequate for
efficiently stimulating the vestibular system.

Altogether, these results partly support (1) the involvement of the vestibular system
as an input to circadian regulation and (2) the positive effects of vestibular rehabilitation
and stimulation on sleep. The mechanisms involved remain to be understood, which
will be required to form a consensus about such beneficial effects. Indeed, it might be
argued that sleep and circadian disorders are not specific to vestibular lesions. Therefore,
there is a need to highlight functional associations between the vestibular system and
cortical/sub-cortical regions involved in sleep regulation. The association between the
vestibular system and circadian rhythms is currently supported by neuro-anatomical
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pathways between the median vestibular nuclei and the suprachiasmatic nucleus (i.e.,
circadian pacemaker) [98,115].

Considering that patients with BC could have both circadian rhythm and sleep dif-
ficulties that could negatively influence their recovery after chemotherapy, innovative
approaches targeting both phenomena are needed. Galvanic vestibular stimulation (GVS)
could be particularly well suited for this purpose [116]. Indeed, GVS is based on stimulation
of the peripheral vestibular organ via direct activation of vestibular nerve afferent fibers at
the spike trigger zone, bypassing hair cell synapses [117,118] using electrical stimulation at
the back of each ear. The question of which parts of the vestibule GVS activates has been de-
bated over the past decade. A recent review proposed that GVS’s effects would result from
a central semi-circular canal-otolith signal convergence and integration, further converging
in central vestibular neurons [119]. Based on previous literature, working hypotheses
can be proposed for GVS’s specific effects on circadian rhythms and sleep. Notably, the
orexinergic system shares a bi-directional relationship with the vestibular system [119] and
could mediate these effects. A functional hypothesis is that the vestibular system monitors
the daily motion quantity and informs the orexinergic neurons, influencing the sleep–wake
state switch [98].

Altogether, these previous reports support using GVS to limit circadian rhythms and
sleep disturbances in patients with BC. Compared to other non-drug approaches currently
available, GVS has the additional benefit of offsetting the decrease in vestibular stimulation
resulting from hair cell impairments caused by chemotherapy agents.

6. Conclusions and Research Agenda

This perspective paper has highlighted sleep and circadian rhythm disturbances
in patients with BC before and after chemotherapy. Several studies also suggest sleep
difficulties and circadian rhythm alterations due to chemotherapy effects. Moreover, results
from previous studies have repeatedly shown that sleep difficulties are associated with
a lower quality of life and that circadian rhythm alterations and, to a lesser extent, sleep
difficulties are associated with lower survival. These results call for approaches targeting
circadian rhythm alterations and sleep difficulties that could be implemented shortly after
chemotherapy in patients with BC.

Given the beneficial effects of vestibular stimulation on circadian rhythms and sleep
and knowing the potential vestibulotoxic effects of chemotherapy, we have proposed using
vestibular stimulation as a new non-pharmacological intervention. Vestibular stimulation
is expected to specifically reduce circadian rhythm alterations and sleep difficulties in
patients with BC after chemotherapy. GVS would be of particular interest since it has three
potential benefits. Firstly, it allows remote vestibular stimulation to be performed at home.
Patients with BC may have difficulties attending oncological support due to increased
fatigue or distance between home and the hospital. Therefore, having a remote approach is
of interest to increase adherence. Secondly, it is a safe and easy-to-use approach. Several
systems can currently be used to pre-program stimulation and avoid patients doing so,
avoiding accidental mishandling. Thirdly, videoconferencing during the stimulation could
be considered to ensure social support and increase patient adherence.

Overall, this perspective paper supports using vestibular stimulation, particularly
GVS, in patients with BC to resynchronize their circadian rhythms and improve their sleep,
benefiting their quality of life and, potentially, survival.

7. Research Agenda

In laboratory settings:

1. Quantify the beneficial effects of GVS on circadian rhythms and sleep in patients with
BC after chemotherapy as a proof of concept.

2. Compare the quality-of-life outcomes between patients using GVS and those not using
stimulation.
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3. Compare the survival outcomes between patients using GVS and those not using
stimulation.

4. Determine the best time to use GVS in patients (e.g., before, during, or after [and how
long after] chemotherapy).

5. Determine and quantify such beneficial effects in other cancer populations.
6. Explore the physiological and neurofunctional correlates of GVS to clarify its underly-

ing mechanisms.

The above steps will further facilitate the implementation of GVS in oncological
support in close partnership with clinical oncologists.

This research agenda requires close collaboration between several scientific disciplines
(i.e., neuroscientists, neuropsychologists, and neurophysiologists) and clinicians that fre-
quently work in different departments and speak different scientific languages. Moreover,
this topic would benefit from translational studies that are currently rarely conducted,
mainly for the same reasons.
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Simple Summary: This review focuses on sleep in patients with advanced cancer. Cancer patients
experience multiple symptoms and they receive concomitant medications. These are all factors that
may affect sleep. In this paper, we present recommendations on sleep assessment in patients with
advanced cancer and highlight cancer-related factors that may contribute to insomnia. Sleep is an
essential aspect of health-related quality of life; therefore, it is important for health care providers to
focus on sleep to improve patient care.

Abstract: Patients with advanced cancer experience multiple symptoms, with fluctuating intensity
and severity during the disease. They use several medications, including opioids, which may affect
sleep. Sleep disturbance is common in cancer patients, decreases the tolerability of other symptoms,
and impairs quality of life. Despite its high prevalence and negative impact, poor sleep quality often
remains unrecognized and undertreated. Given that sleep is an essential aspect of health-related
quality of life, it is important to extend both the knowledge base and awareness among health care
providers in this field to improve patient care. In this narrative review, we provide recommendations
on sleep assessment in patients with advanced cancer and highlight cancer-related factors that
contribute to insomnia. We also present direct implications for health care providers working in
palliative care and for future research.

Keywords: sleep; sleep disturbances; insomnia; advanced cancer; palliative; palliative care

1. Introduction

Despite advances in treatment, cancer continues to cause substantial morbidity and
mortality. For patients with a life-threatening disease, issues regarding quality of life for
their remaining lifetime are critical [1]. Patients with advanced cancer experience multiple
symptoms of fluctuating intensity and severity during the disease trajectory [2,3]. They
normally use multiple concomitant medications, including opioids, which together with
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adverse symptoms may affect sleep [4–7]. Sleep is an essential aspect of health-related
quality of life, and thus it is important to gain knowledge in this field to improve patient care.
In this narrative review, we present current knowledge that relates to sleep disturbances
and sleep assessment in patients with advanced cancer, defined as cancer that is unlikely to
be cured and that may have spread from the original site to other parts of the body [8]. In
addition, we highlight cancer-related and other factors which may contribute to insomnia in
these patients. We focus on the implications for health care providers working in palliative
as well as recommendations for future clinical research.

2. Sleep Disorders and Sleep Disturbances

According to the International Classification of Sleep Disorders, third edition (ICSD-3)
of the American Academy of Sleep Medicine, sleep disorders are grouped into six major cat-
egories: insomnia, sleep-related breathing disorders, central disorders of hypersomnolence,
circadian rhythm sleep–wake disorders, parasomnias, and sleep-related movement disor-
ders [9]. In this paper, we use the term “insomnia in the context of cancer”, as proposed by
Savard and Morin: [10]

(1) Difficulty initiating sleep (greater than 30 min to sleep onset) and/or difficulty main-
taining sleep (greater than 30 min nocturnal waking time);

(2) Sleep difficulty at least 3 nights per week;
(3) Sleep difficulty that causes significant impairment of daytime functioning.

Although there is a clear statement of insomnia as a sleep disorder, several non-specific
terms are used for sleep by researchers, clinicians, and the public. The term «sleep distur-
bances» is used to designate insufficient or excessive sleep duration or poor self-reported
sleep quality and may refer to sleep related symptoms and signs regardless of whether
they fulfil criteria for specific diagnoses or not [11,12]. Another term which also lacks
definitional consensus is «sleep quality». Consequently, sleep continuity measures such as
sleep latency, awakenings, wake after sleep onset, and sleep efficiency are used as indicators
of sleep quality [13]. For instance, shorter sleep latencies, fewer awakenings, and reduced
wake after sleep onset indicate good sleep quality. The patient’s subjective experience of
sleep quality, as for instance reported on a numerical rating scale, can also be considered
to describe sleep quality. Poor sleep quality is a subjective phenomenon and may be de-
scribed by individual patients as a disruption of their habitual sleep pattern, difficulty
falling asleep, frequent awakening, or nonrestorative sleep [14]. This review embraces both
aspects of sleep quality; the patient-reported overall global approach of each night’s sleep
and quantitative aspects of sleep, such as total sleep time and sleep onset latency (i.e., how
many minutes it takes to fall asleep starting from the moment of intention to fall asleep).
However, health care providers should be aware of other sleep-related issues as the ones
mentioned above, such as excessive daytime sleepiness, circadian rhythm disorders, or
sleep-disordered breathing in cancer patients.

3. Sleep Assessment

To obtain detailed information on sleep disturbances, it is recommended to examine
sleep by combining subjective methods using patient-reported outcome measures (PROMs)
and objective registrations such as polysomnography (PSG) and actigraphy [15–18].

PROMs of sleep include sleep diaries and questionnaires [19]. A structured sleep
diary is used by patients to register their bedtime hour, time to fall asleep, number and
duration of awakenings during the night, and time of morning awakening and arising from
bed [15,20]. In an expert consensus statement Carney et al. concluded that standardized,
patient-informed sleep diaries are the standard for subjective sleep assessments [20]. In
routine clinical care, a questionnaire such as the revised Edmonton Symptom Assessment
System (ESAS-r) is recommended to screen for sleep disturbances in patients with advanced
cancer [21]. ESAS-r is a valid and reliable questionnaire for the assessment of the intensity
of symptoms in cancer populations, where the severity of each symptom is rated from 0 to
10 on a numerical scale, with 0 meaning that symptom is absent and 10 meaning that it
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is of the worst possible severity [22]. The ESAS-r consists of nine core symptoms (pain,
tiredness, nausea, depression, anxiety, drowsiness, appetite, feeling of well-being, shortness
of breath, and an optional 10th symptom to be selected by patients). Today, sleep is not a
part of the ESAS-r symptoms, and the optional 10th symptom is often used to assess sleep.
For screening purposes, Yennurajalingam et al. suggests that a cut-off of greater than or
equal to four should generate further assessment of sleep [21,23].

Another questionnaire, which is validated and widely used to assess sleep quality
in patients with advanced cancer is the Pittsburgh Sleep Quality Index (PSQI) [15,24]. It
includes seven components of sleep: sleep quality, sleep latency, sleep duration, sleep
efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction. The
component scores are summed to obtain a global sleep score ranging from 0 to 21, with
higher scores indicating worse sleep quality [24]. Using this tool might improve the
understanding of sleep difficulties experienced by cancer patients [25]. It covers multiple
aspects relevant to sleep quality and might clarify the effect of sleep disturbances on
patients’ daily life. In addition, it is simple to use in clinical practice with a completion
time of 5 to 10 min [26]. Other examples are the Insomnia Severity Index (ISI) and Athens
Insomnia Scale (AIS). The ISI measures patients’ perception of insomnia [27]. It is composed
of seven items that evaluate the severity of sleep-onset, sleep maintenance, early morning
awakening, satisfaction with current sleep pattern, interference with daily functioning,
noticeability of impairment attributed to sleep problems, and level of distress caused by
the sleep problems. The AIS is a self-assessment instrument, designed for quantifying sleep
difficulty based on the ICD-10 criteria [28]. Health care providers in palliative care can use
either ISI or AIS for quick identification of potential sleep problems in an individual cancer
patient [29]. Thus, the use of such questionnaires in routine clinical care may help health
care providers to gain insights into the patients’ sleep problems.

The specific PROMs for the assessment of sleep vary in relation to which period they
are designed to cover. For instance, the ESAS-r is typically used for the assessment of
sleep last night [21], while the PSQI is designed to assess sleep last month [24]. The time
interval in the ISI is the last two weeks [27], and the AIS is during the last month, or
some other period of time, whose length depends on the purpose of a given study [28].
Thus, different studies with different aims and time frames may use different PROMs for
sleep assessments.

Today, PSG is the gold standard for measuring sleep [15,30]. However, PSG is a
comprehensive assessment method that provides overnight measures of brain waves,
eye movement, muscle tension, electrocardiogram, and respiratory parameters. The PSG
instrument is a complex monitoring device which requires specially trained personnel to
attach the patients to its multiple sensors. As such, this method is usually too demanding
for patients with a hight symptom burden, even in a study setting, let alone in routine
care [31]. However, several studies have used actigraphy in the monitoring of sleep in
patients with advanced cancer [32–34]. An actigraph, also known as an actometer, is worn
on the wrist or ankle to record acceleration or deceleration of body movements, which
indirectly indicates the state of sleep or wakefulness [35,36]. Advantages of actigraphy over
PSG include ease of use, inexpensive recordings over extended periods of days, weeks,
or months, and usefulness in cognitive impaired patients where PSG is not possible [37].
For seriously ill patients, such as patients with advanced cancer, actigraphy has become a
valuable tool for objective sleep assessment [17].

Actigraphy is also a validated method to evaluate circadian rhythms both in research
and clinical settings [16,38]. A recent review analysed the rest-activity circadian rhythm dis-
ruption in advanced cancer patients [39]. Circadian disruption was reported to be prevalent
in this patient population. The disruption was manifested as lower activity levels during
the day, more frequent and longer daytime naps, and fragmented night-time sleep. The cir-
cadian process is an internal rhythm or clock that dictates periods of activity (wakefulness)
and inactivity (sleep) based in a light–dark cycle, and sleep is one of many bodily functions
under control of the circadian clock [40,41]. As altered patterns have been described for
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several circadian rhythms in cancer [42], it is important to evaluate circadian rhythms in
these patients. In fact, a study among patients with advanced cancer reported statistically
significant and clinically meaningful associations between circadian rest–activity rhythm
alterations and the severity of fatigue and anorexia, as well as impairment of physical and
social dimensions of health-related quality of life [43]. This supports the need to develop
interventions that target the circadian clock to improve symptom control in these patients.

4. Prevalence of Poor Sleep Quality

Sleep disturbances are prevalent in cancer [44–47]. A recent meta-analysis on the
prevalence of sleep disturbances in patients with cancer reported an overall prevalence
of 60.7%, suggesting that more than half of the cancer patients experience sleep distur-
bances [44]. Most importantly, the prevalence was even higher in patients with advanced
cancer, with an overall prevalence of 70.8% [44]. Insomnia is considered an underdiagnosed
and undertreated health problem in palliative care [48], as about one third of patients
with cancer has insomnia symptoms. This is about three times higher than in the general
population [45,49,50].

At the same time, the prevalence of patient-reported sleep disturbances in advanced
cancer differs largely across studies. Table 1 provides examples of studies that have
examined patient-reported sleep prevalence rates in patients with advanced cancer and the
different assessment tools being used [21,25,51–59]. Such differences may be due to different
study methods, designs and aims, assessment tools used, and population characteristics. In
addition, and as mentioned above, the term «sleep disturbances» is non-specific and may
contribute to the different prevalence rates across studies.

Table 1. Examples of studies investigating sleep quality in patients with advanced cancer [21,25,51–59].

Author, Country (Year) N Prevalence of Poor Sleep 1 Questionnaire

Mercadante, Italy (2021) [59] 182 50% Athens Insomnia Scale

Jakobsen, Denmark, Germany, Lithuania,
Norway, Switzerland (2018) [51] 604 78% PSQI

Collins, USA (2017) [52] 292 59% PSQI

Yennurajalingam USA (2017) [21] 180 62% PSQI

George, USA (2016) [53] 256 64% PSQI

Akman, Turkey (2015) [25] 314 40% PSQI

Nishiura, Tokyo (2015) [55] 50 56% Athens Insomnia Scale

Mercadante, Italy (2015) [54] 820 61% Athens Insomnia Scale

Davis, USA (2014) [56] 715 14% Insomnia Severity Index

Yennurajalingam, USA (2013) [57] 442 75% Sleep item on a 10-point scale

Delgado-Guay, USA (2011) [58] 101 85% PSQI
1 Patient-reported poor sleep prevalence rate in per cent, PSQI = Pittsburgh Sleep Quality Index.

Jakobsen et al. demonstrated that the majority (78%) of 604 adult patients with cancer
pain using WHO Step III opioids reported poor sleep quality using the PSQI [51]. All
components of sleep quality were affected suggesting that patients with advanced cancer
experience a mixture of sleep disturbances, including difficulty initiating sleep, staying
asleep, early awakenings, and that external factors such as pain, having to use the bathroom,
inability to breath comfortably, or feeling too cold or hot disturbed sleep [51]. In line with
other studies in palliative care [52,53,58,60], the mean PSQI global score was 8.8 (±4.2;
range 0–20). Overall, studies demonstrate that sleep disturbances in patients with advanced
cancer are prevalent and represent a complex clinical situation in palliative care.
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5. Predisposing Factors for Insomnia in Advanced Cancer and Consequences for
Other Symptoms

The potential causes of sleep disturbances in patients with advanced cancer are many,
varied, and complex [10,46,61]. Clearly, the cancer disease and cancer treatment, place
patients at increased risk for disruption of normal behaviors, habits, and physiological states
that normally lead to restful sleep. For insomnia, several etiologic factors are involved in
patients with advanced cancer. These are grouped into three main categories: predisposing
factors, precipitating factors, and perpetuating factors [10,46,48,62,63]. Figure 1 illustrates
some of these factors.

Figure 1. Insomnia in the context of advanced cancer. Examples of predisposing, precipitating, and
perpetuating factors involved in the development of insomnia in advanced cancer [10,46,48,62,63].

Predisposing factors increase the individual’s general vulnerability to develop in-
somnia, among these are older age, hyperarousability as trait, and personal or familiar
history of insomnia [10,62,63]. Patients who have had insomnia prior to their cancer are
at increased risk of experiencing insomnia when they are faced with cancer [62]. On the
other hand, contrary to the general population, where female gender is a known predictor
of insomnia, gender does not seem to be a predictor if insomnia in patients with advanced
cancer [48].

Precipitating factors or situational conditions trigger the onset of insomnia, in which
cancer is characterized by a succession of severe stressors that can trigger insomnia at any
time during the cancer trajectory [48,64,65]. Precipitating factors include cancer treatments
that can alter levels of inflammatory cytokines, disrupt circadian rhythms or sleep–wake
cycles or cause menopause. Moreover, hospitalization, in itself, disturbs sleep [66]. Fi-
nally, medications used to treat or manage side effects and cancer-related symptoms, such
as opioids or corticosteroids, will influence sleep [10,46,64]. However, in patients with
advanced cancer, it may be difficult to differentiate, for instance, corticosteroid adverse
effects from symptoms related to a progressive malignant disease [57,67]. To illustrate,
treatment with methylprednisolone 16 mg twice daily for 7 days in patients with advanced
cancer did not result in more patient-reported sleep problems as measured by the Euro-
pean Organisation for Research and Treatment of Cancer Quality of Life Questionnaire
Core 30 in a randomized, placebo-controlled, double-blind trial using a standardized dose
of corticosteroids [68].

In recent years, there has been an increased interest among researchers to understand
the association between sleep problems and cancer-related symptoms. These symptoms
are also referred to as precipitating factors for insomnia [10,62,69,70]. Patients with ad-
vanced cancer often report high levels of several co-occurring symptoms, in which pain,
fatigue, nausea and vomiting, dyspnoea, constipation, loss of appetite, and depression are
among the most common symptoms [71,72]. Pain is one of the most frequently reported
cancer-related symptoms in association with sleep disturbances in patients with advanced
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cancer. In line with other studies in palliative care [5,21,56,58], an international multi-centre
study reported that more pain was significantly associated with poor sleep as measured by
the PSQI, and that pain intensity was a statistically significant predictor of poor sleep in
patients with advanced cancer [51].

Another cancer-related symptom, psychological distress, is associated with sleep
disturbances in patients with advanced cancer. Sleep quality, as assessed by the PSQI,
was associated with emotional functioning in patients with advanced cancer using WHO
Step III opioids [51], suggesting that patients with lower scores in emotional function, i.e.,
feeling tense, being worried, being irritable, and feeling depressed, reported more sleep
disturbances. These results tie well with previous studies in palliative care which have
demonstrated that sleep disturbances are associated with depression and reduced quality
of life [58,73–76]. To illustrate, excessive rumination, potentially involved in increased
psychological distress in palliative care, was associated with insomnia in patients with
advanced cancer [74]. In addition, sleep disturbance has been suggested as a mediator
of the relationship between respiratory symptoms and quality of life in patients with
advanced lung cancer [77]. Overall, these findings suggest that emotional function and
sleep may be related. However, it is important to recognize that these studies all report
associations. A causal effect is therefore not established. For instance, pain may induce
disturbed sleep, disturbed sleep may increase the experience of pain, or a shared factor
may cause both disturbed sleep and increased pain.

Perpetuating factors include behavioral factors such as excessive daytime sleeping,
and maladaptive cognitions, i.e., inaccurate appraisal of sleep [46]. Patients with insomnia
might have several faulty beliefs and attitudes about sleep and sleepiness that may con-
tribute to maintaining the sleep problem over time [10]. For cancer patients, this might
lead to thoughts such as “If I don’t sleep well, my cancer will come back” [10]. Savard
and Morin suggested that maladaptive sleep habits, which develop in response to sleep
disturbances, are the most salient factors in the maintenance of insomnia [10]. These factors
are responsible for increasing physiological, cognitive, and emotional arousal and perfor-
mance (the pressure to sleep) [62]. To overcome cancer-related fatigue, patients are often
advised by health care providers to rest during the day. A single short afternoon nap may
not have negative impact on night-time sleep. However, extensive daytime napping and
increased time spent in bed might result in irregular sleep–wake patterns. Furthermore, the
long-term consequences involve desynchronization of the sleep–wake cycle [10,62]. Thus,
excessive daytime sleeping may contribute to the maintenance of insomnia.

6. Implications for Clinical Practice and Future Research

Overall, this review of sleep quality in patients with advanced cancer highlights the
importance of sleep in several relevant areas for health care providers and researchers
working in oncology and palliative care.

6.1. Prevalence of Poor Sleep Quality

Knowledge of the large proportion of patients experiencing poor sleep quality in
advanced cancer is important for health care providers. This cohort represents a large
number of patients all over the word. Thus, the high prevalence of poor sleep and the
mixture of sleep disturbances in these patients call for awareness of sleep quality in daily
routine care. Given the high level of physical and psychological symptoms in these patients,
health care providers should be aware of the prognostic consequences of sleep disturbances.
A recent review indicated that disturbed sleep during oncological treatment might be a
relevant behavioral marker of poor cancer prognosis [78]. In detail, disturbances in sleep
and sleep–wake activity immediately prior to or during treatment were associated with
reduced overall survival, poorer response to treatment, and shorter time to progression [78].
Moreover, sleep disorder prevalence data might be helpful for future development of
interventions in the treatment of sleep disturbances. Thus, in palliative care research, sleep
prevalence data should be elicited from large samples of patients with advanced cancer
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to reflect the multitude of cancer-related factors that might affect sleep quality. Clinical
studies should incorporate sleep questionnaires to advance the knowledge in this field and
to improve care.

6.2. Cancer-Related Factors for Insomnia in Advanced Cancer

This review highlights important cancer-related factors that contribute to poor sleep
quality in patients with advanced cancer. Despite previous findings of a relationship
between sleep and cancer-related symptoms [53–55,60,69], it is difficult to predict which
patients will develop sleep disturbances in palliative care. Individual factors, including
both cancer-related and other symptoms as well as psychological factors, interfere with
how the patient handles the cancer disease and how they manage their sleep. This also
influences to what extent they report sleep disturbances as a problem and how much
attention and treatment they want. Taken together, all of this has an impact on sleep
quality. However, health care providers may use this knowledge to identify vulnerable
patients with an increased risk of sleep problems. Moreover, findings on the associated
and predictive factors of sleep quality are of importance when developing appropriate
management and/or preventive strategies. Knowledge of how sleep affects daytime
functioning is important in patients with life-threatening illness, as restorative sleep is
necessary for healing, recovery, and to fight and resist infections [79].

To improve the scientific knowledge of sleep, and to identify risk factors for poor sleep
quality in advanced cancer patients, it is useful to examine the relationship between sleep
and cancer-related factors in palliative care research. However, interpretations of causality
are not possible from cross-sectional designs, which uses estimation of association between
variables. In cross-sectional studies it is difficult to establish if sleep problems are simply
associated with cancer-related symptoms, or whether a sleep problem in itself elicits symp-
toms and should be the main target to alleviate symptoms like pain, depression, anxiety,
and distress. Hence, the impact of poor sleep on daytime functioning is difficult to estab-
lish. To illustrate, the relationship between pain and sleep is reported as bidirectional and
reciprocal [80]. Therefore, it might be useful to ask whether this represents a vicious circle
in patients with advanced cancer, in which poor sleep quality affects daytime functioning,
or even daytime symptom intensity, which in turn affects night-time sleep quality.

Thus, future research in palliative care should investigate daytime consequences of
poor sleep quality in advanced cancer. Here, symptom clusters are relevant. Insomnia
was recently identified, together with pain and emotional functioning, in terminally ill
patients with cancer [81]. Another study identified insomnia as part of a neuropsychological
cluster together with depression and anxiety [82]. Future studies should investigate if these
symptoms could be treated concomitantly. Consequences of poor sleep will be important
to establish, using longitudinal design, to avoid the risk that research on sleep in patients
with advanced cancer is limited to correlational science in cross-sectional studies and the
low level of evidence in clinical decision making from such studies.

6.3. Sleep Assessment

The knowledge of the complexity of sleep disturbance in advanced cancer, including
difficulty initiating sleep, staying asleep, and early awakening is relevant for the under-
standing of how to categorize poor sleep to address each patient’s individual sleep distur-
bances. Thus, to identify and treat patients with sleep disturbances, health care providers
working in oncology and palliative care should routinely assess sleep problems [83].

Oncology nurses can play a leading role in addressing sleep problems, as they of-
ten spend more time with patients experiencing cancer-related symptoms than any other
health professionals. Thus, it is of utmost importance that oncology nurses have knowl-
edge of sleep assessment to provide good symptom control. However, a study on sleep
assessment in patients living with cancer, discovered that few nurses assessed sleep pat-
terns, undertook further assessment and investigations for patient’s sleep problems, or
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reassessed the patients sleep patterns in case the patient complained of non-efficacy of the
interventions [84].

Several reasons might explain the lack of sleep assessment among health care providers.
Sleep disturbances might be considered a low-priority problem compared to the cancer
itself, or because of a lack of sleep assessment protocols or guidelines [84,85]. Interestingly,
a literature review on nurses’ perceptions of sleep in the intensive care unit revealed that
intensive care unit nurses lack a complete understanding of the importance of sleep [86].
Moreover, Ye et al. identified limited understanding of the importance of sleep during
hospitalization, the lack of standardized assessment tools for sleep, lack of education in
sleep evaluation, inadequate interdisciplinary communication, and lack of supportive
hospital infrastructure as barriers to the effective management of sleep [87]. Knowledge
about sleep and its physiology is, in many cases, based on personal experience and common
sense rather than being evidence based [88]. Thus, one important aspect in sleep assessment
is that health care providers have insufficient knowledge about sleep. Fortunately, the
problems are now being addressed, and several studies argue that sleep should be a topic
included in nursing education and training [89–91].

Although, beyond the scope of this review, we would like to mention that the man-
agement of sleep disturbances in patients with advanced cancer lack evidence-based
knowledge in palliative care [46,48,92]. Nevertheless, it is important to be aware of this gap
in knowledge. The sparse evidence and clear guidelines for treatment of sleep problems
in patients with advanced cancer may contribute to health care personnel’s reluctance
to address sleep problems. In addition, it may also explain the lack of systematic assess-
ment in the first place. One might question whether screening for sleep disturbances is
meaningful when there is limited treatment to offer. Some will even find it unethical to
systematically screen for sleep problems given the lack of evidence-based knowledge of
pharmacological and non-pharmacological treatment in palliative care. On the other hand,
we recommend that sleep problems should be assessed as an inherent part of most other
prevalent symptoms in this group of patients.

Patients themselves might also contribute to the underassessment of sleep distur-
bances. Despite many patients expressing concerns about sleep, these problems are not
always discussed with health professions during oncology appointments [93]. Patients do
not usually report their sleep problems to health professions because in general it is seen
as less significant than the cancer [94]. In addition, there is a perception by some patients
that health professionals do not want to hear about it [94]. Some patients even believe that
healthcare workers are too busy to treat such an insignificant problem [95]. To examine
these thoughts might give valuable insights into how patients cope with sleep disturbances.
A qualitative study revealed that patients with chronic heart failure used different self-
care strategies to promote sleep [96]. However, these strategies were based on common
knowledge, and did not follow any common methods. It is important that health care
providers are informed about such self-care strategies. This is useful information in order
to guide patients about the benefits of using more evidence-based approaches [97]. Thus,
patients with advanced cancer should be asked about sleep. Patients should be encouraged
to discuss their sleep problems with members of the healthcare team in palliative care.

Future studies on sleep in patients with advanced cancer care should combine PROMs
and objective registrations of sleep. As the use of both actigraphy and PROMs is recom-
mended in patients with advanced cancer, a sole use of PROMs can result in a lack of
important information on sleep [30–32,98]. In addition, to gain knowledge of patients’
perspective in palliative care research, clinical evaluation of insomnia should incorpo-
rate qualitative assessments of issues relevant to the patient’s subjective experience of
insomnia [99,100].

6.4. Treatment

The treatment plan for sleep disturbances in patients with advanced cancer should
address the multifactorial and treatable causes. Thus, a combined stepwise pharmacolog-
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ical and non-pharmacological approach is recommended [92]. Symptom control should
be the first step to remove the causative condition if possible (e.g., pain, dyspnoea, and
anxiety) [101]. The second step should include non-pharmacological sleep interventions
with cognitive and behavioral therapy for insomnia (CBT-I) [46]. This treatment incor-
porates cognitive and behavior-change techniques and targets dysfunctional attitudes,
beliefs, and habits involving sleep [102]. Bright-light therapy is also used to improve sleep,
but to our knowledge not formally tested in advanced cancer patients [103]. Short-term
pharmacological treatment may be necessary until CBI-I takes effect or for those being re-
fractory to CBT-I. A recent systematic review of the treatment of insomnia in palliative care
identified hypnotics, antidepressants, and antihistamines as pharmacological treatment
options of sleep disturbances [48]. However, evidence-based knowledge about the best
pharmacological treatments for insomnia in patients with advanced cancer are scarce. For
practical purposes, the palliative care network of Wisconsin has provided an overview of
the pharmacological treatment of insomnia [104]. When pharmacological treatment is used,
the choice of the specific agent within a class should be directed by factors such as symptom
pattern, treatment goals, past treatment responses, and the presence and significance of
contraindications [46].

7. Conclusions

The overall aim of this review is to contribute to evidence-based knowledge of sleep in
patients with advanced cancer. The high prevalence of poor sleep quality and the mixture
of sleep disturbances in these patients calls for awareness in health care providers. To
identify and treat patients with sleep disturbances, health care providers should routinely
assess sleep problems using PROMs. Patients with advanced cancer should be asked about
sleep. More importantly, we should encourage patients to discuss their sleep problems
and sleep-related concerns with formal and informal caregivers in hospital as well as at
home. Further characterization of sleep disturbances in patients with advanced cancer is
needed, with particular emphasis on contributing factors, such as cancer-related symptoms.
Thus, more research using robust longitudinal designs with a comprehensive assessment
of sleep is necessary. A better understanding of the relationship between cancer-related
symptoms and sleep enhances the possibilities of developing more targeted interventions,
which will increase the scientific basis for knowledge in the treatment of sleep disturbances
in palliative and oncology care.
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