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Abstract: The elevation of the serum squamous cell carcinoma (SCC) antigen unrelated to disease
progression occurs during the follow-up of patients with cervical cancer treated with radiotherapy.
Although known empirically, the incidence and characteristics of this non-cancer specific elevation
in SCC remain unclear. Here, we examined the post-treatment kinetics of SCC in 143 consecutive
patients with squamous cell carcinoma of the cervix treated with definitive radiotherapy; in all
patients, progression-free disease status was confirmed by periodic monitoring for at least 36 months
(median, 61 months). We found that the 5-year cumulative incidence of post-treatment SCC elevation
was unexpectedly high at 37.3% (59/143 patients), and that 59.3% (35/59) of event-positive patients
experienced multiple events. The median peak SCC level for a given event was 2.0 ng/mL (interquar-
tile range, 1.7–2.9 ng/mL). The multivariate analysis showed that renal dysfunction was associated
significantly with a greater incidence of SCC elevation (p = 0.046). In addition, the 5-year cumulative
incidence of SCC elevation was significantly greater in patients with renal dysfunction than in those
without (54.8% vs. 32.9%, respectively; hazard ratio, 2.1 [95% confidence interval, 1.1–4.2]; p = 0.028).
These data will be useful for monitoring cervical cancer patients treated with radiotherapy.

Keywords: squamous cell carcinoma antigen; cervical cancer; radiotherapy; non-cancer specific
elevation; incidence; renal dysfunction

1. Introduction

Cervical cancer causes more than 0.3 million deaths annually worldwide, with a mor-
tality rate that ranks fourth among all cancers [1]. Radiotherapy is the standard definitive
treatment for locally advanced cervical cancers [2]. The serum squamous cell carcinoma
(SCC) antigen plays a pivotal role in monitoring the local recurrence or metastasis of
cervical cancers post-radiotherapy [3]. Evidence suggests that the elevation of serum SCC
levels precedes the clinical detection of progressive disease by 2–5 months [4–6], and that
the intra- or post-treatment normalization of serum SCC level has prognostic significance
for a favorable outcome [7–9]. SCC, initially named as tumor antigen 4, was first identified
in human cervical squamous cell carcinoma tissue by Kato and Torigoe in 1977 [10]. The
elevation of serum SCC in cancer patients is due to the passive leakage of the antigen from
cancer tissues into the blood [11]. The serum half-life of SCC is 24 h [12]. In accordance
with this, the serum SCC level in cancer patients normalizes within 3 days of complete
surgical resection of the tumor [13,14].

SCC is expressed not only by cancer cells but also by normal epithelial cells. However,
the antigen is not detected in the circulation of healthy adults [11]. During the follow-up
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of cervical cancer patients after definitive radiotherapy, the elevation of serum SCC unre-
lated to cancer progression (referred to hereafter as non-cancer specific elevation) is often
observed. This non-cancer specific elevation causes severe anxiety for both patients and
clinicians and may even lead to excessive examination or unnecessary salvage treatment.
However, the incidence and characteristics of this phenomenon remain unclear. Therefore,
we investigated the post-treatment kinetics of SCC in patients with cervical cancer treated
with definitive radiotherapy, in whom progression-free disease status was confirmed by
periodic monitoring.

2. Materials and Methods
2.1. Study Cohort

This retrospective study enrolled patients who met the following inclusion criteria:
(i) newly diagnosed and pathologically confirmed squamous cell carcinoma of the cervix;
(ii) staged as IB–IVA based on the International Federation of Gynecology and Obstetrics
(FIGO) 2009 staging system; (iii) treated at Gunma University Hospital (Maebashi, Japan)
from April 2000 to March 2016; (iv) treated with definitive radiotherapy; (v) no evidence
of disease progression confirmed by a bimanual pelvic examination performed every
3–6 months for up to at least 3 years, pelvic magnetic resonance imaging (MRI) performed
at 3 months, and computed tomography (CT) from the neck to the pelvis performed at
6 and 12 months, and annually thereafter; and (vi) followed up for at least 36 months.

The details of definitive radiotherapy have been described previously [15]. The first
day of radiotherapy is defined as Day 1. The timing of the follow-up CT is modified at the
discretion of the attending physician; the examination can be omitted after 5 years without
evidence of disease progression, or the examination interval can be shorter than planned in
cases under suspicion of disease progression.

2.2. Data Collection

The following data were collected from medical records: age, FIGO stage, pre-
treatment tumor volume (based on MRI) and nodal status (based on CT and/or 18F-
fluorodeoxyglucose positron emission tomography), adverse effects (AE) of radiotherapy
(based on the Common Terminology Criteria for Adverse Events version 4.0), and serum
SCC level.

The serum SCC measurement was performed at 1, 2, 3, 6, 9, and 12 months, and then
every 3–6 months thereafter using the chemiluminescent immunoassay-based SCC Abbott
Architect kit (F5-Y301-1/J12/R01; Abbott Japan, Tokyo, Japan), with a cutoff of 1.5 ng/mL.
The timing of the measurement was modified at the discretion of the attending physician
(e.g., for cases with elevated SCC, re-evaluation every 1–2 months was performed until
normalization). One event of non-cancer specific SCC elevation was defined either as an
increase in SCC above the cutoff value after achieving a post-treatment nadir, followed by
a spontaneous decrease below the cutoff, or as an SCC increase that was sustained until
the end of follow-up.

Data on the clinical factors that potentially affect non-cancer specific SCC elevation
(see the following section for details) were also collected from medical records.

2.3. Literature Review on Non-Cancer Specific SCC Elevation

Clinical factors that could potentially affect the occurrence of the non-cancer specific
elevation of serum SCC levels were searched using a systematic literature screen. On
7 June 2021, PubMed was searched using the term “squamous cell carcinoma antigen”. For
each hit, the title was screened. Next, the abstracts of the title screen-positive papers were
screened. The abstract screen-positive papers were then subjected to a full examination,
from which clinical factors reported to be associated with the non-cancer specific elevation
of serum SCC level were extracted.
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2.4. Statistical Analysis

A univariate and multivariate analysis was performed using logistic regression in
SPSS (version 26; IBM, Armonk, NY, USA). Cumulative incidence was estimated using the
Kaplan–Meier method, and the results were compared using the log-rank test in GraphPad
Prism8 (GraphPad Software, San Diego, CA, USA). A p value of <0.05 was considered
statistically significant.

3. Results

One-hundred and forty-three patients were eligible for inclusion in the final analysis
(Figure 1). The median follow-up period was 61 months (range, 36–126 months). The
patient characteristics are summarized in Table 1. The pre-treatment serum SCC level was
above the cutoff value in 83.2% (119/143) of patients; this proportion was consistent with a
previous study that analyzed the association between serum SCC levels and radiotherapy
outcomes for patients with cervical cancer (i.e., 74.6%) [7]. Meanwhile, serum SCC levels
normalized at least once within 6 months in 92.3% (132/143) of patients. These results
suggest that the dataset is robust.
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Figure 1. Flow diagram showing patient enrollment. RT, radiotherapy; NED, no evidence of
disease progression.

Table 1. Patient characteristics.

Characteristics N

Age 57 (27–88)
FIGO stage

IB 28 (19%)
II 71 (50%)
III 37 (26%)

IVA 7 (5%)
Tumor volume

<30 cm3 61 (43%)
30–100 cm3 57 (40%)
>100 cm3 22 (15%)

NA 3 (2%)
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Table 1. Cont.

Characteristics N

Pelvic LN
Positive 61 (43%)

Negative 82 (57%)
PALN

Positive 17 (12%)
Negative 126 (88%)
Treatment

CCRT 88 (62%)
RT alone 55 (38%)

CCRT: concurrent chemoradiotherapy; FIGO: the International Federation of Gynecology and Obstetrics 2009; LN:
lymph nodes; PALN: para-aortic lymph nodes; RT: radiotherapy. Age is presented as the median value (range).

The post-treatment SCC kinetics for all patients are summarized in Figure 2a. SCC
elevation was observed in 59 patients (128 events in total), and the 5-year cumulative
incidence was surprisingly high, at 37.3% (Figure 2b). Overall, 59.3% (35/59) of event-
positive patients experienced multiple events (Figure 3a). The median peak SCC level
for a given event was 2.0 ng/mL (interquartile range, 1.7–2.9 ng/mL) (Figure 3b). The
incidence tapered off slightly over time; however, events were observed throughout the
follow-up period (Figure 3c). There was no evident seasonality with respect to the time of
occurrence (Figure S1). Elevated SCC levels fell to below the cutoff value within 3 months
and 6 months in 52.3% (67/128) and 73.4% (94/128) of events, respectively (Figure 3d),
whereas the SCC level remained above the cutoff until the end of the follow-up in 12.5%
(16/128) of events.
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cervical cancer treated with definitive radiotherapy (n = 143). (a) SCC kinetics for all patients. (b) Cumulative incidence of
non-cancer specific SCC elevation for all patients.

A literature review identified 30 papers reporting clinical factors potentially associated
with the non-cancer specific elevation of serum SCC levels (Figure S2, Table 2) [16–45].
Based on these data, the association between benign respiratory disease, benign skin
disease, or renal dysfunction (RD, defined by an estimated glomerular filtration rate of
<60 mL/min/1.73 m2 over 3 months [46]) during the follow-up and the occurrence of SCC
elevation was analyzed. A univariate analysis showed that RD and benign skin disease
were associated significantly with a greater incidence of SCC elevation (p = 0.012 and
0.024, respectively) (Table 3). Each skin disease did not show a significant association with
the occurrence of SCC elevation (Table S1). A multivariate analysis showed that RD was
associated significantly with a greater incidence of SCC elevation (p = 0.046) (Table 3). The
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5-year cumulative incidence of SCC elevation was significantly greater for RD-positive
patients than for RD-negative patients (54.8% vs. 32.9%, respectively; hazard ratio, 2.1 [95%
confidence interval, 1.1–4.2]; p = 0.028) (Figure 4a). Non-cancer specific SCC elevation was
observed in the first 3–4 years, regardless of the presence or absence of RD (Figure 4a). In
this study, 62% (88/143) of patients received platinum-based chemotherapy concomitantly
with radiotherapy (Table 1). The use of concomitant chemotherapy did not correlate
significantly with the presence of RD (p = 0.34) or with the incidence of SCC elevation
(p = 0.64). Multiple events tended to be more common in RD-positive patients than in
RD-negative patients, although the difference was not statistically significant (p = 0.095)
(Figure 4b). RD had no significant effect on the peak SCC level, the time of the event
occurrence, or the duration of events (p = 0.49, 0.33, and 0.27, respectively).
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Figure 3. Characteristics of post-treatment non-cancer specific elevation of the serum squamous cell carcinoma (SCC)
antigen in patients with cervical cancer treated with definitive radiotherapy. (a) Number of events per event-positive patient
(n = 59). (b) Peak SCC level at a given event (n = 128). (c) Time of event occurrence (n = 112). Sixteen events that occurred at
>60 months are not shown. (d) Duration of a given event (n = 112). Sixteen events sustained at the time of final analysis are
not shown.
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Table 2. Reported clinical factors associated with non-cancer specific elevation of serum SCC.

Clinical Factors Study Design N Serum SCC (ng/mL) Refs.

Respiratory disease
ARDS Case report 1 29.5 [16]

COVID-19 Retro MI 252 NA [17]
Influenza Case report 1 17.1 [18]

PIE syndrome Case report 1 8.1 [19]
Various Retro MI 299 mean, 1.3; range, 0.5–18.3 [20]
Various Retro MI 89 median, 4.6 [21]

Skin disease
Atopic dermatitis Retro MI 30 NA [22]

Generalized eczema Retro MI 51 4.1 ± 4.3 [23]
Lichen planus Retro MI 109 1.3 ± 1.2 [24]
Lichen planus Case report 1 9.0 [25]

Psoriasis Retro MI 68 6.5 ± 5.2 [23]
Psoriasis Retro MI 6 12.7 (1.7–33.3) [26]
Various Retro MI 83 NA [27]
Various Retro MI 72 range, 3.5–117.7 [28]
Various Retro MI 66 range, 1.4–73.2 [29]

Renal dysfunction
Diabetic nephropathy Retro MI 77 1.2 (0.5–1.8) [30]
Various, with dialysis Retro MI 94 NA [31]

Various, without dialysis Retro MI 539 median, 0.8 [32]

Pregnancy-related events
Amniotic embolism Retro MI 4 112.0 ± 169.4 [33]
Follicle stimulation Retro MI 42 2.0 (1.1–17.8) [34]
Normal pregnancy Retro MI 56 1.7 (0.8–17.0) [35]
Normal pregnancy Prospective 12 range, 0.1–4.3 [36]

Pediatric diseases
Asthma Retro MI 32 2.1 (1.4–3.3) [37]

Atopic dermatitis Prospective 96 NA [38]
Atopic dermatitis Retro MI 95 NA [39]

Others
Arterial puncture Retro MI 13 NA [40]

Chromium hexavalent Retro MI 115 1.2 ± 1.2 [41]
Infectious spondylitis Case report 1 2.2 [42]

Inverted papilloma Prospective 30 3.9 (IQR, 2.3–7.9) [43]
PAH Retro MI 136 range, 0.2–2.4 [44]

Teratoma Case report 1 6.4 [45]
ARDS: acute respiratory distress syndrome; COVID-19: coronavirus disease 2019; IQR: interquartile range; MI:
mono-institutional; NA: not assessed; PAH: polycyclic aromatic hydrocarbons; PIE: pulmonary infiltration with
eosinophilia; Refs: references; Retro: retrospective; SCC: squamous cell carcinoma antigen.

SCC levels are presented as the average ± standard deviation or as the median (range),
unless stated otherwise.

The AE Grade was based on the Common Terminology Criteria for Adverse Events
version 4.0. The odds ratio and p values, as assessed by logistic regression, are shown.
Clinical factors for which the p value in the univariate analysis was <0.3 were entered into
a multivariate analysis and examined using a stepwise method.
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Table 3. Association between clinical factors and the occurrence of non-cancer specific SCC elevation.

Clinical Factor
SCC

Elevation Univariate Multivariate

+ − Odds Ratio (95% CI) p Odds Ratio (95% CI) p

Age NA
<39 8 7 Ref

40–49 12 14 0.75 (0.21–2.68) 0.65
50–59 14 25 0.49 (0.14–1.63) 0.24
60–69 15 22 0.59 (0.17–1.99) 0.40
≥70 10 16 0.54 (0.15–1.97) 0.35

FIGO stage NA
IB 12 16 Ref
II 29 42 0.92 (0.38–2.23) 0.85
III 14 23 0.81 (0.29–2.20) 0.68

IVA 4 3 1.77 (0.33–9.47) 0.50
Tumor volume

<34.3 cm3 25 46 Ref
≥34.3 cm3 32 37 1.70 (0.86–3.37) 0.12 1.38 (0.65–2.93) 0.39

Pelvic LN NA
Negative 34 48 Ref
Positive 25 36 0.98 (0.50–1.92) 0.95

PALN NA
Negative 52 74 Ref
Positive 7 10 0.99 (0.35–2.78) 0.99

Treatment NA
CCRT 24 31 Ref

RT 35 53 0.85 (0.43–1.68) 0.64

AE, skin
Grade 0 51 64 Ref

Grade ≥1 8 20 0.50 (0.20–1.23) 0.13 0.48 (0.18–1.29) 0.14
AE, GI NA
Grade 0–1 37 47 Ref
Grade ≥2 22 37 0.75 (0.38–1.49) 0.41

AE, GU NA
Grade 0 38 58 Ref

Grade ≥1 21 26 1.23 (0.60–2.49) 0.56
AE, hematology

Grade 0–1 17 35 Ref
Grade ≥2 42 49 1.76 (0.86–3.59) 0.11 1.53 (0.69–3.38) 0.28

Respiratory disease NA
Negative 49 72 Ref
Positive 10 12 1.22 (0.49–3.05) 0.66

Skin disease
Negative 47 78 Ref
Positive 12 6 3.31 (1.16–9.43) 0.024 2.63 (0.88–7.84) 0.083

Renal dysfunction
Negative 39 71 Ref
Positive 20 13 2.80 (1.25–6.23) 0.012 2.38 (1.01–5.61) 0.046

AE: adverse effects; CCRT: concurrent chemoradiotherapy; CI: confidence interval; FIGO: International Federation
of Gynecology and Obstetrics 2009; GI: gastrointestinal; GU: genitourinary; LN: lymph nodes; NA: not assessed;
PALN: para-aortic lymph nodes; Ref: reference; RT: radiotherapy; SCC: squamous cell carcinoma antigen.
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4. Discussion

To the best of our knowledge, this study is the first to report the cancer progression-
unrelated kinetics of SCC in cancer survivors. The main findings of this study are as follows:
First, the incidence of post-treatment non-cancer specific SCC elevation in patients with
cervical cancer treated with definitive radiotherapy was unexpectedly high; approximately
one third of the patients experienced the event. Second, RD was an independent factor that
increased the risk of non-cancer specific SCC elevation in this population. These data will
be useful for monitoring patients with cervical cancer post-radiotherapy.

The patients in this study were followed up for at least 3 years; the median follow-up
period exceeded 5 years. Multiple studies have analyzed the radiotherapy outcomes of
cervical cancer by employing inclusion criteria compatible with those used for this study;
these studies show that the onset of disease progression after 3 years post-radiotherapy is
rare [15,47,48]. From this standpoint, the progression-free disease status and the resultant
incidence of non-cancer specific SCC elevation identified in this study cohort is highly
reliable. If we take the short serum half-life of SCC into consideration [12], the results of
the present study indicate that SCC in irradiated tumor tissues is released gradually into
the bloodstream as the tissues degenerate, thereby contributing to the disease progression-
unrelated elevation of serum SCC observed during post-treatment follow-up. Nevertheless,
the onset of this event was not evidently dependent on the tumor burden since neither
the tumor volume nor the FIGO stage was associated with the incidence of SCC elevation.
Yamamoto et al. investigated brachytherapy-treated prostate cancer tissues and found
that anti-tumor immune responses, coupled with the therapeutic effect of radiation on
the tumor, are responsible for the disease unrelated, post-treatment elevation of prostate-
specific antigen [49]. It is possible that the non-cancer specific SCC elevation observed
in radiotherapy-treated cervical cancer patients shares similar biological mechanisms.
Another possibility is that there may be a dose–volume correlation, which could explain
the event onset. Further research (from both biological and physical perspectives) is needed
to investigate this issue more deeply. A recent study indicates that the tumors arising
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from high-risk human papillomavirus (HPV)-negative cervical dysplasia show favorable
outcomes [50]. Another study indicates that preoperative conization is associated with
favorable outcomes from a laparoscopic hysterectomy [51]. From these perspectives, the
association of serum SCC kinetics with HPV status or that with pathological findings from
surgical specimens should be further explored in future studies.

A literature search identified RD as a potential risk factor for non-cancer specific
SCC elevation. We confirmed this in a study cohort comprising patients with cervical
cancer treated with radiotherapy (hazard ratio, 2.1). Our data also indicate that RD may
contribute to multiple event onset. Locally advanced cervical cancer is characterized by
the frequent involvement of the parametria, which induces hydronephrosis by causing
ureteral stenosis. In addition, platinum-based chemotherapy is a potential risk for RD.
These factors may contribute to the greater incidence of non-cancer specific SCC elevation
in patients with cervical cancer compared with those with other cancers. Taken together,
these data indicate that the post-treatment non-cancer specific SCC elevation observed
in cervical cancer patients presenting with RD should be distinguished carefully from
cancer progression.

The limitations of this study are as follows. First, the timing of SCC examination was
not standardized among participants with non-cancer specific elevation; this might have
biased the results. In fact, the management of the cases with persistent serum SCC elevation
during post-treatment follow-up was not standardized, and warrants further research. In
our department, in general, the patients with elevated SCC were monitored for the antigen
levels monthly and subjected to a contrast enhanced CT and/or 18F-fluorodeoxyglucose
positron emission tomography if the SCC levels were above cutoff for consecutive two
tests. Secondly, the association between each skin disease and the occurrence of non-cancer
specific SCC elevation was not explored fully, probably due to the small sample size.

In summary, we examined the incidence and characteristics of the non-cancer specific
elevation of serum SCC levels in patients with cervical cancer treated with definitive
radiotherapy during post-treatment follow-up. The incidence of non-cancer specific SCC
elevation in this study cohort was unexpectedly high, and RD was an independent risk
factor for event onset. These data will help us to improve the quality of follow-up for
cervical cancer patients treated with radiotherapy.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/diagnostics11091585/s1, Figure S1: Seasonal time of occurrence of post-treatment non-
cancer specific elevation of serum squamous cell carcinoma antigen in cervical cancer patients treated
with definitive radiotherapy (n = 128). Figure S2: Flow diagram showing the systemic literature
review of clinical factors potentially associated with non-cancer specific elevation of serum squamous
cell carcinoma antigen levels. Table S1: Association between skin diseases and the occurrence of
non-cancer specific SCC elevation.

Author Contributions: Conceptualization: T.O. (Tae Oike); formal analysis, T.O. (Tae Oike); data
curation: T.O. (Tae Oike), T.O. (Takahiro Oike), and K.A.; writing—original draft preparation:
T.O. (Tae Oike); writing—review and editing: T.O. (Takahiro Oike), T.O. (Tatsuya Ohno), and A.I.;
visualization: T.O. (Tae Oike); supervision: T.O. (Takahiro Oike), T.O. (Tatsuya Ohno), and A.I.;
project administration: T.O. (Tae Oike), T.O. (Takahiro Oike), K.A. and T.O. (Tatsuya Ohno); funding
acquisition: T.O. (Tatsuya Ohno). All authors have read and agreed to the published version of
the manuscript.

Funding: This study was supported by the Gunma University Heavy Ion Medical Center.

Institutional Review Board Statement: The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and approved by the Institutional Ethical Review Committee of Gunma
University Hospital (approval number, HS2019-026; date of approval, 22 November 2019).

Informed Consent Statement: Patient consent was waived by the Institutional Ethical Review
Committee of Gunma University Hospital due to the retrospective observational nature of the study.

https://www.mdpi.com/article/10.3390/diagnostics11091585/s1
https://www.mdpi.com/article/10.3390/diagnostics11091585/s1


Diagnostics 2021, 11, 1585 10 of 12

Data Availability Statement: The data are not publicly available due to the study protocol approved
by the Institutional Ethical Review Committee of Gunma University Hospital.

Acknowledgments: We thank Yoshikazu Kitahara, Akihiko Uchiyama, Yuka Hirota, and Yusuke
Harasawa of Gunma University for technical assistance.

Conflicts of Interest: The authors declare no conflict of interest. The funders played no role in design
of the study; the collection, analysis, or interpretation of the data; the writing of the manuscript; or
the decision to publish the results.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN

estimates of Incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Marth, C.; Landoni, F.; Mahner, S.; McCormack, M.; Gonzalez-Martin, A.; Colombo, N.; ESMO Guidelines Committee. Cervical

cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28, iv72–iv83. [CrossRef]
3. Gadducci, A.; Tana, R.; Cosio, S.; Genazzani, A.R. The serum assay of tumour markers in the prognostic evaluation, treatment

monitoring and follow-up of patients with cervical cancer: A review of the literature. Crit. Rev. Oncol. Hematol. 2008, 66,
10–20. [CrossRef]

4. Ngan, H.Y.; Cheng, G.T.; Yeung, W.S.; Wong, L.C.; Ma, H.K. The prognostic value of TPA and SCC in squamous cell carcinoma of
the cervix. Gynecol. Oncol. 1994, 52, 63–68. [CrossRef]

5. Holloway, R.W.; To, A.; Moradi, M.; Boots, L.; Watson, N.; Shingleton, H. Monitoring the course of cervical carcinoma with the
squamous cell carcinoma serum radioimmunoassay. Obstet. Gynecol. 1989, 74, 944–949. [CrossRef]

6. Scambia, G.; Panici, P.B.; Baiocchi, G.; Amoroso, M.; Foti, E.; Greggi, S.; Mancuso, S. The value of squamous cell carcinoma
antigen in patients with locally advanced cervical cancer undergoing neoadjuvant chemotherapy. Am. J. Obstet. Gynecol. 1991,
164, 631–636. [CrossRef]

7. Ohno, T.; Nakayama, Y.; Nakamoto, S.; Kato, S.; Imai, R.; Nonaka, T.; Ishikawa, H.; Harashima, K.; Suzuki, Y. Measurement of
serum squamous cell carcinoma antigen levels as a predictor of radiation response in patients with carcinoma of the uterine
cervix. Cancer 2003, 97, 3114–3120. [CrossRef]

8. Hong, J.H.; Tsai, C.S.; Chang, J.T.; Wang, C.C.; Lai, C.H.; Lee, S.P.; Tseng, C.J.; Chang, T.C.; Tang, S.G. The prognostic significance
of pre- and posttreatment SCC levels in patients with squamous cell carcinoma of the cervix treated by radiotherapy. Int. J. Radiat.
Oncol. Biol. Phys. 1998, 41, 823–830. [CrossRef]

9. Rose, P.G.; Baker, S.; Fournier, L.; Nelson, B.E.; Hunter, R.E. Serum squamous cell carcinoma antigen levels in invasive cervical
cancer: Prediction of response and recurrence. Am. J. Obstet. Gynecol. 1993, 168, 942–946. [CrossRef]

10. Kato, H.; Torigoe, T. Radioimmunoassay for tumor antigen of human cervical squamous cell carcinoma. Cancer 1977, 40,
1621–1628. [CrossRef]

11. Uemura, Y.; Pak, S.C.; Luke, C.; Cataltepe, S.; Tsu, C.; Schick, C.; Kamachi, Y.; Pomeroy, S.L.; Perlmutter, D.H.; Silverman, G.A.
Circulating serpin tumor markers SCCA1 and SCCA2 are not actively secreted but reside in the cytosol of squamous carcinoma
cells. Int. J. Cancer 2000, 89, 368–377. [CrossRef]

12. Schmidt-Rhode, P.; Schulz, K.D.; Sturm, G.; Häfner, H.; Prinz, H.; Künzig, H.J. Squamous cell carcinoma antigen for monitoring
cervical cancer. Int. J. Biol. Markers 1988, 3, 87–94. [CrossRef]

13. De Bruijn, H.W.; Duk, J.M.; Van der Zee, A.G.; Pras, E.; Willemse, P.H.; Boonstra, H.; Hollema, H.; Mourits, M.J.; de Vries,
E.G.; Aalders, J.G. The clinical value of squamous cell carcinoma antigen in cancer of the uterine cervix. Tumour Biol. 1998, 19,
505–516. [CrossRef]

14. Maruo, T.; Shibata, K.; Kimura, A.; Hoshina, M.; Mochizuki, M. Tumor-associated antigen, TA-4, in the monitoring of the effects
of therapy for squamous cell carcinoma of the uterine cervix. Serial determinations and tissue localization. Cancer 1985, 56,
302–308. [CrossRef]

15. Ohno, T.; Noda, S.E.; Okonogi, N.; Murata, K.; Shibuya, K.; Kiyohara, H.; Tamaki, T.; Ando, K.; Oike, T.; Ohkubo, Y.; et al. In-room
computed tomography-based brachytherapy for uterine cervical cancer: Results of a 5-year retrospective study. J. Radiat. Res.
2017, 58, 543–551. [CrossRef]

16. Ashitani, J.; Mukae, H.; Ihiboshi, H.; Taniguchi, H.; Mashimoto, H.; Matsukura, S. Adult respiratory distress syndrome with
increased serum and bronchoalveolar lavage fluid levels of squamous cell carcinoma-related antigen. Intern. Med. 1996, 35,
497–501. [CrossRef]

17. Wei, X.; Su, J.; Yang, K.; Wei, J.; Wan, H.; Cao, X.; Tan, W.; Wang, H. Elevations of serum cancer biomarkers correlate with severity
of COVID-19. J. Med. Virol. 2020, 92, 2036–2041. [CrossRef]

18. Sano, A. Transient elevation of squamous cell carcinoma antigen levels with influenza virus infection. Respirol. Case Rep. 2018,
6, e00362. [CrossRef]

19. Sakito, O.; Kadota, J.; Kohno, S.; Itoh, N.; Takahara, O.; Hara, K. Pulmonary infiltration with eosinophilia and increased serum
levels of squamous cell carcinoma-related antigen and neuron specific enolase. Intern. Med. 1994, 33, 550–553. [CrossRef]

20. Kagohashi, K.; Satoh, H.; Kurishima, K.; Kadono, K.; Ishikawa, H.; Ohtsuka, M.; Sekizawa, K. Squamous cell carcinoma antigen
in lung cancer and nonmalignant respiratory diseases. Lung 2008, 186, 323–326. [CrossRef]

http://doi.org/10.3322/caac.21660
http://doi.org/10.1093/annonc/mdx220
http://doi.org/10.1016/j.critrevonc.2007.09.002
http://doi.org/10.1006/gyno.1994.1012
http://doi.org/10.1016/0020-7292(90)90376-V
http://doi.org/10.1016/S0002-9378(11)80037-2
http://doi.org/10.1002/cncr.11453
http://doi.org/10.1016/S0360-3016(98)00147-3
http://doi.org/10.1016/S0002-9378(12)90850-9
http://doi.org/10.1002/1097-0142(197710)40:4&lt;1621::AID-CNCR2820400435&gt;3.0.CO;2-I
http://doi.org/10.1002/1097-0215(20000720)89:4&lt;368::AID-IJC9&gt;3.0.CO;2-6
http://doi.org/10.1177/172460088800300203
http://doi.org/10.1159/000030044
http://doi.org/10.1002/1097-0142(19850715)56:2&lt;302::AID-CNCR2820560217&gt;3.0.CO;2-T
http://doi.org/10.1093/jrr/rrw121
http://doi.org/10.2169/internalmedicine.35.497
http://doi.org/10.1002/jmv.25957
http://doi.org/10.1002/rcr2.362
http://doi.org/10.2169/internalmedicine.33.550
http://doi.org/10.1007/s00408-008-9108-4


Diagnostics 2021, 11, 1585 11 of 12

21. Body, J.J.; Sculier, J.P.; Raymakers, N.; Paesmans, M.; Ravez, P.; Libert, P.; Richez, M.; Dabouis, G.; Lacroix, H.; Bureau, G.; et al.
Evaluation of squamous cell carcinoma antigen as a new marker for lung cancer. Cancer 1990, 65, 1552–1556. [CrossRef]

22. Mitsuishi, K.; Nakamura, T.; Sakata, Y.; Yuyama, N.; Arima, K.; Sugita, Y.; Suto, H.; Izuhara, K.; Ogawa, H. The squamous cell
carcinoma antigens as relevant biomarkers of atopic dermatitis. Clin. Exp. Allergy 2005, 35, 1327–1333. [CrossRef] [PubMed]

23. Zhang, R.C.; Zheng, N.N.; Zhong, L.S. Different expression of squamous cell carcinoma antigens in psoriasis vulgaris and other
papulosquamous dermatoses. Australas. J. Dermatol. 2020, 61, e261–e262. [CrossRef]

24. Sun, A.; Chiang, C.P. Levamisole and/or Chinese medicinal herbs can modulate the serum level of squamous cell carcinoma
associated antigen in patients with erosive oral lichen planus. J. Oral. Pathol. Med. 2001, 30, 542–548. [CrossRef]

25. Hayashi, A.; Shiono, H.; Okumura, M. Thymoma accompanied by lichen planus. Interact. Cardiovasc. Thorac. Surg. 2008, 7,
347–348. [CrossRef] [PubMed]

26. Iriki, H.; Tanese, K.; Furuichi, Y.; Takeshita, K.; Saito, M. Marked decrease in serum squamous cell carcinoma antigen level after
antitumor necrosis factor alpha therapy in six cases of severe psoriasis. Int. J. Dermatol. 2016, 55, e364–e366. [CrossRef] [PubMed]

27. Campbell, B.; De’Ambrosis, B. Squamous cell carcinoma antigen in patients with cutaneous disorders. J. Am. Acad. Dermatol.
1990, 22, 639–642. [CrossRef]

28. Zheng, N.N.; Zhang, R.C.; Yang, X.X.; Tao, Y.K.; Zhong, L.S. Squamous cell carcinoma antigen is useful in the differential diagnosis
of erythroderma. Int. J. Dermatol. 2019, 58, e158–e159. [CrossRef] [PubMed]

29. Duk, J.M.; van Voorst Vader, P.C.; ten Hoor, K.A.; Hollema, H.; Doeglas, H.M.; de Bruijn, H.W. Elevated levels of squamous cell
carcinoma antigen in patients with a benign disease of the skin. Cancer 1989, 64, 1652–1656. [CrossRef]

30. Chen, J.; Tao, F.; Zhang, B.; Chen, Q.; Qiu, Y.; Luo, Q.; Gen, Y.; Meng, J.; Zhang, J.; Lu, H. Elevated Squamous Cell Carcinoma
Antigen, Cytokeratin 19 Fragment, and Carcinoembryonic Antigen Levels in Diabetic Nephropathy. Int. J. Endocrinol. 2017, 2017,
5304391. [CrossRef] [PubMed]

31. Kashiwabara, K.; Nakamura, H.; Yagyu, H.; Kishi, K.; Matsuoka, T.; Esaki, T. Changes in squamous cell carcinoma-related antigen
levels before and after hemodialysis in relation to the model of dialyzer employed. Intern. Med. 2000, 39, 291–295. [CrossRef]

32. Tong, H.L.; Dong, Z.N.; Wen, X.Y.; Gao, J.; Wang, B.; Tian, Y.P. Impact of chronic kidney disease on serum tumor markers
concentrations. Chin. Med. J. 2013, 126, 274–279.

33. Koike, N.; Oi, H.; Naruse, K.; Kanayama, N.; Kobayashi, H. Squamous cell carcinoma antigen as a novel candidate marker for
amniotic fluid embolism. J. Obstet. Gynaecol. Res. 2017, 43, 1815–1820. [CrossRef]

34. Phocas, I.; Sarandakou, A.; Rizos, D.; Dimitriadou, F.; Mantzavinos, T.; Zourlas, P.A. Tumour-associated antigens, CEA, CA
125 and SCC in serum and follicular fluid of stimulated and unstimulated cycles. Eur. J. Obstet. Gynecol. Reprod. Biol. 1994, 54,
131–136. [CrossRef]

35. Sarandakou, A.; Kontoravdis, A.; Kontogeorgi, Z.; Rizos, D.; Phocas, I. Expression of CEA, CA-125 and SCC antigen by biological
fluids associated with pregnancy. Eur. J. Obstet. Gynecol. Reprod. Biol. 1992, 44, 215–220. [CrossRef]

36. Schlageter, M.H.; Larghero, J.; Cassinat, B.; Toubert, M.E.; Borschneck, C.; Rain, J.D. Serum carcinoembryonic antigen, cancer
antigen 125, cancer antigen 15-3, squamous cell carcinoma, and tumor-associated trypsin inhibitor concentrations during healthy
pregnancy. Clin. Chem. 1998, 44, 1995–1998. [CrossRef]

37. Yuyama, N.; Davies, D.E.; Akaiwa, M.; Matsui, K.; Hamasaki, Y.; Suminami, Y.; Yoshida, N.L.; Maeda, M.; Pandit, A.;
Lordan, J.L.; et al. Analysis of novel disease-related genes in bronchial asthma. Cytokine 2002, 19, 287–296. [CrossRef]

38. Takeuchi, S.; Furusyo, N.; Ono, J.; Azuma, Y.; Takemura, M.; Esaki, H.; Yamamura, K.; Mitamura, Y.; Tsuji, G.; Kiyomatsu-Oda,
M.; et al. Serum squamous cell carcinoma antigen (SCCA)-2 correlates with clinical severity of pediatric atopic dermatitis in
Ishigaki cohort. J. Dermatol. Sci. 2019, 95, 70–75. [CrossRef]

39. Kawashima, H.; Nishimata, S.; Kashiwagi, Y.; Numabe, H.; Sasamoto, M.; Iwatsubo, H.; Takekuma, K.; Hoshika, A. Squamous
cell carcinoma-related antigen in children with atopic dermatitis. Pediatr. Int. 2000, 42, 448–450. [CrossRef]

40. Kahn, N.; Riedlinger, J.; Roeßler, M.; Rabe, C.; Lindner, M.; Koch, I.; Schott-Hildebrand, S.; Herth, F.J.; Schneider, M.A.; Meister,
M.; et al. Blood-sampling collection prior to surgery may have a significant influence upon biomarker concentrations measured.
Clin. Proteom. 2015, 12, 19. [CrossRef] [PubMed]

41. Wang, T.C.; Song, Y.S.; Yu, S.F.; Zhang, J.; Wang, H.; Gu, Y.E.; Chen, T.; Jia, G. Association of folate deficiency and selected
tumor marker concentrations in long-term hexavalent chromium exposed population. Int. J. Hyg. Environ. Health 2014, 217,
88–94. [CrossRef]

42. Li, T.H.; Kao, Y.F.; Lui, C.C.; Chen, W.H. An increase of blood squamous cell carcinoma antigen in Pseudomonas aeruginosa
spondylitis. Clin. Biochem. 2006, 39, 662–665. [CrossRef] [PubMed]

43. Promsopa, C.; Suwansri, S.; Khuntikij, P. The serum squamous cell carcinoma antigen level in inverted sinonasal papilloma and
nasal polyps patients. World J. Otorhinolaryngol. Head Neck Surg. 2020, 7, 23–27. [CrossRef]

44. Gao, M.L.; Chen, L.; Li, Y.F.; Xue, X.C.; Chen, L.; Wang, L.N.; Shah, W.; Kong, Y. Synergistic increase of oxidative stress and tumor
markers in PAH-exposed workers. Asian Pac. J. Cancer Prev. 2014, 15, 7105–7112. [CrossRef]

45. Minato, T.; Toyoshima, M.; Imai, N.; Kasai, A.; Yaegashi, N. Mature ovarian cystic teratoma with disseminated nodular lesions in
the pleural and peritoneal cavities: A case report. Radiol. Case Rep. 2018, 13, 671–675. [CrossRef]

46. Kasiske, B.L.; Wheeler, D.C. Kidney Disease: Improving Global Outcomes CKD Work Group. KDIGO 2012 Clinical practice
guideline for the evaluation and Management of Chronic Kidney Disease. Kidney Int. Suppl. 2013, 3, 1–150.

http://doi.org/10.1002/1097-0142(19900401)65:7&lt;1552::AID-CNCR2820650717&gt;3.0.CO;2-D
http://doi.org/10.1111/j.1365-2222.2005.02353.x
http://www.ncbi.nlm.nih.gov/pubmed/16238792
http://doi.org/10.1111/ajd.13200
http://doi.org/10.1034/j.1600-0714.2001.300906.x
http://doi.org/10.1510/icvts.2007.164178
http://www.ncbi.nlm.nih.gov/pubmed/18063606
http://doi.org/10.1111/ijd.13211
http://www.ncbi.nlm.nih.gov/pubmed/26696364
http://doi.org/10.1016/0190-9622(90)70088-Y
http://doi.org/10.1111/ijd.14498
http://www.ncbi.nlm.nih.gov/pubmed/31111472
http://doi.org/10.1002/1097-0142(19891015)64:8&lt;1652::AID-CNCR2820640816&gt;3.0.CO;2-M
http://doi.org/10.1155/2017/5304391
http://www.ncbi.nlm.nih.gov/pubmed/28744310
http://doi.org/10.2169/internalmedicine.39.291
http://doi.org/10.1111/jog.13453
http://doi.org/10.1016/0028-2243(94)90252-6
http://doi.org/10.1016/0028-2243(92)90102-5
http://doi.org/10.1093/clinchem/44.9.1995
http://doi.org/10.1006/cyto.2002.1972
http://doi.org/10.1016/j.jdermsci.2019.07.005
http://doi.org/10.1046/j.1442-200x.2000.01253.x
http://doi.org/10.1186/s12014-015-9093-6
http://www.ncbi.nlm.nih.gov/pubmed/26236175
http://doi.org/10.1016/j.ijheh.2013.03.013
http://doi.org/10.1016/j.clinbiochem.2006.02.007
http://www.ncbi.nlm.nih.gov/pubmed/16595128
http://doi.org/10.1016/j.wjorl.2020.02.002
http://doi.org/10.7314/APJCP.2014.15.17.7105
http://doi.org/10.1016/j.radcr.2018.03.009


Diagnostics 2021, 11, 1585 12 of 12

47. Tomizawa, K.; Kaminuma, T.; Murata, K.; Noda, S.E.; Irie, D.; Kumazawa, T.; Oike, T.; Ohno, T. FIGO 2018 Staging for
Cervical Cancer: Influence on Stage Distribution and Outcomes in the 3D-Image-Guided Brachytherapy Era. Cancers 2020,
12, 1770. [CrossRef]

48. Okazaki, S.; Murata, K.; Noda, S.E.; Kumazaki, Y.; Hirai, R.; Igari, M.; Abe, T.; Komatsu, S.; Nakano, T.; Kato, S. Dose-volume
parameters and local tumor control in cervical cancer treated with central-shielding external-beam radiotherapy and CT-based
image-guided brachytherapy. J. Radiat. Res. 2019, 60, 490–500. [CrossRef]

49. Yamamoto, Y.; Offord, C.P.; Kimura, G.; Kuribayashi, S.; Takeda, H.; Tsuchiya, S.; Shimojo, H.; Kanno, H.; Bozic, I.;
Nowak, M.A.; et al. Tumour and immune cell dynamics explain the PSA bounce after prostate cancer brachytherapy. Br. J. Cancer
2016, 115, 195–202. [CrossRef] [PubMed]

50. Bogani, G.; Sopracordevole, F.; Di Donato, V.; Ciavattini, A.; Ghelardi, A.; Lopez, S.; Simoncini, T.; Plotti, F.; Casarin, J.;
Serati, M.; et al. High-risk HPV-positive and -negative high-grade cervical dysplasia: Analysis of 5-year outcomes. Gynecol.
Oncol. 2021, 161, 173–178. [CrossRef] [PubMed]

51. Casarin, J.; Bogani, G.; Papadia, A.; Ditto, A.; Pinelli, C.; Garzon, S.; Donadello, N.; Laganà, A.S.; Cromi, A.; Mueller, M.; et al.
Preoperative conization and risk of recurrence in patients undergoing laparoscopic radical hysterectomy for early stage cervical
cancer: A multicenter study. J. Minim. Invasive Gynecol. 2021, 28, 117–123. [CrossRef] [PubMed]

http://doi.org/10.3390/cancers12071770
http://doi.org/10.1093/jrr/rrz023
http://doi.org/10.1038/bjc.2016.171
http://www.ncbi.nlm.nih.gov/pubmed/27404586
http://doi.org/10.1016/j.ygyno.2021.01.020
http://www.ncbi.nlm.nih.gov/pubmed/33514481
http://doi.org/10.1016/j.jmig.2020.04.015
http://www.ncbi.nlm.nih.gov/pubmed/32320800

	Introduction 
	Materials and Methods 
	Study Cohort 
	Data Collection 
	Literature Review on Non-Cancer Specific SCC Elevation 
	Statistical Analysis 

	Results 
	Discussion 
	References

