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Simple Summary

Lymphoma is the most common hematological malignancy and is associated with an
increased risk for venous thromboembolism (VTE), especially in patients with aggressive
non-Hodgkin lymphoma where VTE incidence approaches 12%. Although current guide-
lines recommend the use of prophylactic anticoagulation in patients with high risk for VTE,
the existing evidence regarding the appropriate risk stratification in patients with lym-
phoma is still insufficient. We aimed to critically analyze the existing evidence regarding
predictors and new developed risk assessment models for VTE in patients diagnosed with
lymphoma and to evaluate the already existing models for VTE risk stratification in cancer
patients. The role of the Khorana score in identifying patients with lymphoma at high
risk for VTE has been under intense scrutiny, alongside the evaluation of more recently
developed assessment models, which currently show significant risk of bias.

Abstract

Among hematological malignancies, lymphoma is associated with an increased incidence
of venous thromboembolism (VTE) ranging between 4 and 12%. Although Khorana score
was validated for stratifying VTE risk in cancer, its discrimination reliability in lymphoma
is reduced by the lack of specific predictors. The aim of this systematic review was to
summarize the evidence regarding predictors and available risk assessment models (RAMs)
for VTE in patients with lymphoma. A systematic search was conducted on PubMed,
Embase and Scopus in order to identify papers published until February 2026, which
evaluated predictors and RAMs for VTE in patients diagnosed with lymphoma. Out of
592 evaluated papers, 44 met the inclusion criteria. The widely used Khorana score failed to
appropriately identify patients with lymphoma at high risk for VTE, while the Thrombosis
Lymphoma predictive score (ThroLy) showed modest improvement. Strong predictors
for VTE were a poor performance status, older age, previous history of VTE, the use of
central venous catheters, and bulky disease. However, the lack of external validation, the
small sample size and bias due to confounding factors limit the generalizability of the
results. Therefore, larger studies with external validation cohorts are needed to design
lymphoma-specific RAMs and to identify predictors with high discrimination power.

Keywords: lymphoma; venous thromboembolism; risk assessment model; predictors;
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1. Introduction

Venous thromboembolism (VTE) is a frequent and serious complication in patients
with cancer, being the second cause of mortality after cancer progression itself [1]. Among
hematological malignancies, lymphoma is associated with an increased risk for VTE [2];
data from the literature report a VIE prevalence of approximately 4% in Hodgkin lym-
phoma (HL), which can increase up to 12% in non-Hodgkin lymphoma (NHL), especially
in diffuse large B-cell lymphoma (DLBCL) [3]. The VTE risk is particularly high in the first
months after diagnosis and is enhanced through several pathophysiological mechanisms [4].
Patients with lymphoma usually exhibit an increased inflammatory and hypercoagulant ac-
tivity, which also worsens disease prognosis. The high level of proinflammatory cytokines
leads to the activation of the coagulation cascade through the secretion of tissue factor by
circulating blood monocytes, which further activates the extrinsic coagulation pathway.
Moreover, thrombosis involves a supplementary inflammatory response in the vessel wall,
facilitating the expression of adhesion molecules and the activation of neutrophils [5].
A unique feature of lymphoma is the complex inflammatory milieu leading to immune
dysregulation and lastly to lymphomagenesis. Various polymorphisms of interleukin (IL)-6,
IL-10, as well as high levels of tumor necrosis factor alpha (TNF-«x) are associated with
NHL and are also involved in thrombogenesis [6] (Figure 1).

Figure 1. Schematic illustration of the pathophysiological mechanisms leading to venous thrombosis
in lymphoma. The clonal lymphoma cells release various cytokines, among them TNF-« and IL-1§3,
which enhance the endothelial activation. The circulating CD14-monocytes release tissue factor (TF),
which leads to platelet degranulation and adhesion. Moreover, the platelet adhesion is favored by the
activated neutrophils, which build neutrophil extracellular traps (NETs). a = clonal lymphoma cells,
b = blood vessel in longitudinal and transversal section, ¢ = activated CD14-monocyte containing
tissue factor, d = neutrophil with adjacent neutrophil extracellular traps, e = thrombus, f = circulating
erythrocyte, g = activated tissue factor, h = degranulated platelet, i = various cytokines released by
lymphoma cells. Created in BioRender, https:/ /BioRender.com/9y5mlmc (accessed on 30 June 2026).

The current guidelines of the European Society for Medical Oncology recommend the
use of prophylactic anticoagulation in patients with hematological malignancies with high
risk for VTE [7]; however, the simultaneously increased hemorrhagic risk in this category
of malignancies and the chemotherapy-associated thrombocytopenia limit the wide use of
prophylactic anticoagulation [8,9]. VTE prophylaxis is widely prescribed for cancer patients
admitted to hospitals, but evidence regarding the appropriate thromboprophylaxis for
ambulatory settings is still insufficient [7]. Several risk assessment models (RAMs) for VTE
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in patients with cancer were developed, with the most widely known being the Khorana
score [10]. However, the Khorana score addresses cancer patients as a whole entity, without
taking lymphoma-specific particularities into consideration. In an effort to better define
precise RAMs for VTE in lymphoma patients, various multivariable models and predictors
were evaluated in the last decade; however, most of them did not reach clinical significance.
The aim of this systematic review was to summarize the available evidence regarding
already-developed RAMs and predictors for VTE in patients diagnosed with lymphoma.

2. Materials and Methods
2.1. Algorithm for the Systematic Search and Selection of Studies

A systematic literature search was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines [11]. The research
protocol was registered and approved by the International Prospective Register for System-
atic Reviews and Meta-analysis (PROSPERO) under the number CRD420251237060. The
systematic database search was performed on PubMed, Scopus and Embase using combi-
nations of the keywords “venous thromboembolism”, “pulmonary embolism”, “deep vein
thrombosis” and “lymphoma”, which were aligned with MeSH and Emtree vocabulary.
The detailed search strategy and the PRISMA checklist are included in the Supplementary
Files S1 and S2. All available original research articles focusing on RAMs and predictors
of VTE in patients diagnosed with lymphoma, published from inception until February
2026 (last access of all databases on 7 March 2026), have been further screened based on
eligibility criteria. Duplicates were screened and appropriately verified using Mendeley.

The inclusion criteria were: prospective and retrospective studies written in English
with a minimum level of evidence of IV, and studies evaluating patients over 18 years of
age and with a histological diagnosis of HL or NHL under treatment, either ambulatory or
hospitalized. The type of the discrimination statistics reported or the validation methods
used in the studies were not predefined outcomes. The exclusion criteria were: studies also
focusing on other hematological malignancies other than lymphoma, studies including
pediatric population, case reports/series and reviews and non-English articles. The titles
and abstracts of the selected papers were evaluated independently by both authors. In case
of disagreement, the final decision of inclusion was met upon consensus.

2.2. Quality Assessment

The quality of the studied prediction models was evaluated based on the PROBAST
tool (Prediction model Risk of Bias Assessment Tool), which classifies prediction models as
having low, high or unclear risk of bias by assessing four domains: participants, predictors,
outcome and analysis [12]. Since the evaluation of one domain as having high risk of bias
leads to evaluation of the whole prediction model as having high risk of bias, many papers
fail to achieve a consistent quality based on the PROBAST tool. However, for descriptive
purposes, all papers focusing on prediction models were included in the final analysis
with the necessary explanations regarding bias concern. Studies assessing only predictors
for VTE were evaluated based on the QUIPS tool (Quality In Prognosis Studies), which
evaluates six domains including participation, attrition, prognostic factor and outcome
measurement, confounding and statistical analysis [13]. The studies can be classified as
having low (maximum one criterion evaluated as having moderate risk of bias), moderate
(four criteria with low risk of bias and two with moderate risk of bias) or high risk of bias
(maximum three criteria with low risk and at least three criteria with moderate risk of bias
or one criterion with high risk of bias).
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2.3. Data Extraction and Statistical Analysis

Data from the selected studies were extracted by the first author (A.M.P.), who sum-
marized the baseline characteristics of the studies, such as author names, study design,
year of publication, number of participants, histological type of lymphoma, prior use of
thromboprophylaxis and the type of predictors and RAMs evaluated. Supplementary In-
formation on the outcome reported in the study in the form of area under the curve (AUC),
C-index, sensitivity and specificity, odds (OR), and hazard ratio (HR) was also extracted by
the first author into a Microsoft Excel spreadsheet (MS Microsoft, Redmond, WA, USA).
After the process of extraction, all collected data were reviewed by the senior author (M.R.)
and any disagreements were resolved upon discussion among the two authors. Continuous
variables were presented as means with confidence intervals. A value of p < 0.05 was
considered statistically significant.

3. Results

The initial literature search identified 592 papers, out of which 44 met the inclusion
criteria according to the selection protocol (Figure 2). The results were evaluated separately
for studies focusing on multivariable RAMs and for studies assessing VTE predictors

without including them in a RAM.

\ Identification of studies via databases and registries

=
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Figure 2. PRISMA diagram illustrating study selection protocol.

3.1. Studies Evaluating RAMs

Out of the studies evaluating RAMs, thirteen were single-center [14-26] and mainly
conducted in Asia [14,15,18-23,26-28]. The prevalence of lymphoma ranged between
4 and 15%, depending on the histological type of lymphoma predominantly included.
Abdel et al. [14,15] conducted two studies focusing exclusively on DLBCL and reported
prevalences of VIE between 13.5 and 15%. Within a follow-up of 6 months, He et al. [19]
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found a VTE prevalence of 10.1% among hospitalized patients with NHL. By including
all types of lymphoma, Liang et al. [21] reported a VTE prevalence of 4.9%, while Jiang
et al. [27] recorded a prevalence of 10.8% in hospitalized patients.

With regard to the nomograms proposed for VTE prediction, the included studies
focused either on evaluating or repurposing already existing scores or on developing new
VTE risk assessment models. Abdel [14] and Hantrakun [18] focused on the repurposing
of the already existing IPI index. Antic et al. [29] developed the Thrombosis-Lymphoma
(ThroLy) predictive score, which was further applied in five studies, considered external
validation studies [15,16,20,22,25]. The already existing Khorana score for VTE predic-
tion in cancer was employed in six studies [16,17,20,22,24,30], while ten studies focused
on developing new nomograms or prediction models for VTE risk in patients with lym-
phoma [16,17,19,21,23,26-29,31].

The risk of bias was high in the majority of the included papers. Only three papers
reported competing risks such as death [18,30,31]. Moreover, among the newly proposed
prediction models, only three received external validation [27,28,31], which is a crucial
criterion for the analysis domain of the PROBAST tool. The detailed description of the risk
of bias among the included studies is presented in Table 1, and the characteristics of the
evaluated studies are summarized in Table 2.

Table 1. PROBAST risk of bias assessment of the included studies.

Risk of Bias Applicability Overall
3 »n L ) ) >
g 5 g 2 & 5 g < =
= 3 S > o k3 5 2 =
Author, Year g § _g 'T‘é g § 'E = .§
g & © < F &£ © 3 3
= i S A = N [ ~ <
Abdel, 2021 [14] + + i = = + T - -
Abdel, 2021 [15] + + ? = ? i ? - ?
Antic, 2016 [29] + + ? ? + n ? ? ?
Bastos-Oreiro, 2021 [16] - = ? - ? -
Dharmavaram, 2020 [17] ? + ? i ? ?
Hantrakun, 2021 [18] 4 4 3 + i ?
He, 2025 [19] - - ? . . . ? . .
Jiang, 2025 [27] 4 4 4 - + ? - = ?
Li, 2024 [20] ? - ? - ? E ? . .
Liang, 2023 [21] + + + + ? + + + ?
Ma, 2024 [31] + + + + + + + + I
Ma’koseh, 2024 [22] - + ? - ? mn ? - ?
Pan, 2015 [23] + + ? - ? i ? = ?
Rupa-Matysek, 2018 [24] ? + + ? ? + + ? ?
Rupa-Matysek, 2018 [25] ? + + ? ? + + ? ?
Santi, 2017 [30] + + + ? I + + ? T
Wang, 2024 [28] ? ? + - ? ? + - ?
Yang, 2021 [26] + ? ? - ? - ? o -
Explanation Low risk of bias (+) Unclear risk of bias (?) High risk of bias (-)
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Table 2. Characteristics of the studies assessing RAMs for VTE prediction.

Number . Thromboprophylaxis/
,? uthors, Year, of Type of Studied Model T)fpe (.)f Studied Variables VIE Imldence. and Thrombophilia Results Risk of Bias
ype of Study Patients Lymphoma Validation Events per Variable Screening
. High VTE rates in patients with:
VT o LRy S
:26.2% Vs. -1: 12.9% .
tremities No information on High LDH levels (19% vs. 9.4%) e Validated tool
Lymphoma ex . . ¢ Hig 5 o V8. 2470 o
Abdel, 2021, International ECOG, LDH, age, stage, * 15 DVT 1N upper prior . ® Basec_l on age-ad‘]usted IPL: Limitations:
R . . 373 DLBCL . N/A f extremities thromboprophylaxis e VTE in 9.7% patients with “low .
etrospective [14] Prognostic extranodal disease hrombophili : o e Single center and small
Index e 1I5PE or thrombophilia and low-intermediate” scores VTE sample size
* 5DVTand PE screening mn 19'8% patlen'ts with “high and e No discrimination statistics
e 6 others high-intermediate” scores
EPV: ~10 (p=0.02)
Previ VTE developed in 44 (17.2%) high-risk
revious . i = :
VTE/AMI/stroke, 71 patients (13.5%): No Fléz)tlleg)f)sigthe%v)ﬁr;(parrgg tcz 1127: 28) Strengths:
ECOG 2-4, BMI > 30 o 26(37%) DVT of thromboprophylaxis 1, _0,038 group " e Standardized score

Abdel, 2021, kg/m?, extranodal lower extremities in ambulatory Risk factors for VTE: Limitations:

Retrospective 524 DLBCL ThroLy N/A localization, mediastinal e 20(28.2%) DVT of patients. No . ) Sinel " d 1

(5] involvement, upper extremities information on ° Heimoglobm <100 g/L (OR 2.79, ¢ ome ei’ center and sma
neutropenia during e 22 (31%) isolated PE thrombophilia 95% C1 1‘42_5'49) sample size .
therapy, hemoglobin < ) screening. e Bulky disease (OR 2.22, 95% CI e No discrimination statistics
100 g/ EPV:~10 131-3.75)

Previous 74 patients (4.06%): At risk scores (>1): Strengths:
VTE/AMI/stroke, e 37DVTinextremities 5, patients e NPV 98.5% (97.5-99.1%) e Standardized score
ECOG 2-4, BMI > 30 ° 16Imternal jugular received e PPV 25.1% (19.2-31.8%) e Large sample size,
Antic, 2016, kg/m?, extranodal vemns thromboprophylaxis ~ ® Sensitivity 75.4% (63.1-85.2%) two-center study
Retrospective 1820 INHL, HL, ThroL; Internal localization, mediastinal ~ ® 5 1solated' PE at baseline. No ° SPeCIfIFItY 87.5% (85.5-89.4%) Limitations:
P CLL/SLL y o 14 superficial vein High-risk >4):

[29] involvement, PeriK information on e High-risk score (>4): N . .
neutropenia during thrombosis thrombophilia o PPV 65.2% (42.7-83.6%) o Combination with arterial
therapy, hemoglobin < ¢ Thrombosis in other screening,. o C statistic 0.879 in the derivation thrombosis
100 g/ L, organs. and 0.857 in the validation cohort e No external validation

EPV: ~10
Sensitivity TIC-LYMPHO vs. Khorana  Strengths:
— vs. ThroLy: 93.5 vs. 6.45 vs. 19.35% e Innovative model
Sfeln QIEC ;;srl;zcore, type No patient received Specificity TIC-LYMPHO vs. Khorana e Discrimination statistics

Bastos-Oreiro TiC-LYMPHO megiaiinal ! 31 (14.9%), follow- thromboprophylaxis ~ vs. ThroLy: 54.5 vs. 94.0 vs. 96.4% o

2021 ’ 208 NHL, HL compared to None involvement. Ann Arbor 6 mon.th': ¢ up at baseline. No PPV TiC-LYMPHO vs. Khorana vs. Limitations:

Retrospective [16] Khorana and stage, bed rest for >3 EPV: ~4 1nformatloq on 'IhroLy: 26.3 vs. 166 vs. 50% o Small S'f‘mple size .

ThroLy scores dave, family or personal thrombophilia NPV TiC-LYMPHO vs. Khorana vs. o Expensive genetic testing
his}tlo/r of \;ITE }I;MI 525 screening. ThroLy: 97.9 vs. 84.4 vs. 86.6% e No external validation
y 4 AUC TiC-LYMPHO vs. Khorana vs. e No optimism correction

ThroLy: 0.783 vs. 0.502 vs. 0.579
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Table 2. Cont.

Number . Thromboprophylaxis/
,? uthors, Year, of Type of Studied Model T)fpe (.)f Studied Variables VIE Imldence. and Thrombophilia Results Risk of Bias
ype of Study Pati Lymphoma Validation Events per Variable H
atients Screening
106 VTE (13.4%), Strengths:
follow-up 49 months: e Relevant, easily accessible
Khorana score vs. No patient received Khorana score at 2 years: redictors
Dharmavaram Lymphoma- lymphoma-significant s 21PE thromboprophylaxis ~ Sensitivity 60%, specificity 63%, e isti
specific venous ! e 85DVT N . 4 4 e Discrimination statistics
2020, 790 DLBCL, FL thrombosis Internal variables such as at baseline. No C-index 0.601 o
Retrospective ’ rediction lymphoma subtype, DLBCL 5-year cumulative  information on Proposed model at 2 years: Limitations:
[171 lr)ns deCl © albumin, WBC count incidence: 16.3% thrombophilia Sensitivity 82%, specificity 68%, e Single center, long
and bulky disease FL 5-year cumulative screening. C-index 0.775 enrolment time
g‘;{?enﬁei 3.8% e No external validation
32 VTE, follow-up ,1 year Estimated 1-year cumulative incidence Strengths:
Ann Arbor stage II1/1V, {On.e—year lelmlﬂatl;/ e %):  No patient received of VTE: N Validate_d prqgnosﬁc ir}dex
LDH > & L incidence of VTE of 5.4%): th P b hylaxi 3.0% in age-adjusted IPI < 2 (low to ¢ Competing risk analysis
Hantrakun, 2024, Age-adiusted Zircl;m norma’, e 16DVT a tli;)arzel?rferolgloy XIS ) ow-intermediate risk) vs. 9.7% in o Discrimination statistics
Retrospective 591 DLBCL ge-adj N/A e 8isolated PE - e age-adjusted IPI > 2 Limitations:
iy} ECOG performance . information on AP . -
[18] status 24 (in patients < e 2DVT with PE thrombophilia (high—intermediate to high risk) (HR, Sinel "
60a u ) P = e 6 other venous ni P 3.5;95% CI1 1.6-7.8) ° Véndg € cer};r . 1
years thrombosis screening. C-statistic of age-adjusted IPI was 0.65 ¢ Wide confidence intervals
EPV: -8 (95% CI, 0.58-0.72) e Low event rate
Anticoagulation, .
D-dimer, LDH, venous Streng.ths,- o o
catheterization, CEA, 61 VTE (10.08%) within e Discrimination statistics
ECOG score, total 6 months after diagnosis: 36.5% of patients Limitations:
proteins, total received prior o (. 9 .
He, 2025, . Simp- cholesterol, infectious * 41. DVT anticoagulation. No AUC. (.)'9.54 (92 % CL: 0932 0'936)’ e Single cent_er . .
Retrospective 605 NHL Internal - e 5isolated PE . . Sensitivity 89%, Specificity 88%, NPV e Only hospitalized patients
SMOTE_rf GBM diseases, 32- information on
[19] — . T . e 15 other venous s 64.7% and PPV 97% e Anticoagulant use classified
microglobulin, calcium, hrombosi thrombophilia :
ESAs/G-CSFs, thrombosis screening. as predictor R
hemoglobin, mediastinal ~ EPV: ~4 ° \Ij ©° e);tg r}? ?AII\_/JaChdatlon
involvement, central ¢ veryhig
involvement
Strengths:
e External validation
e Comparison with validated
WBC, D-dimers, central No inf 6 Specificity in low-risk patients: tOOlS_
Jiang, 2025 HL DLBCL VTE-EWS venous catheter use, age, r(i)olf ormation on 91% for VTE-EWS vs. 77% for e Multicenter study
R 4 ! / ’ (early warning chemotherapy cycles, 124 VTE (10.86%) p . Khorana score Limitations:
etrospective 1141 TCL, External . x thromboprophylaxis PR . . .
[27] NK,/TCL system) vs. ECOG score, a predicted ~ EPV: ~6 or thrombophilia Sensitivity in high-risk patients: Only hospitalized patient
Khorana score probability > 0.7 implies . P 65% for VTE-EWS vs. 54% for ¢ -niy hospitalized patients
a high risk for VTE screening Khorana score e No calibration assessment

e C(Classification metrics
threshold-dependent,
leading to low sensitivity
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Table 2. Cont.

Number . Thromboprophylaxis/
Authors, Year, of Type of Studied Model T)fpe (.)f Studied Variables VIE Imldence. and Thromllio:hi{ia Results Risk of Bias
Type of Study Pati Lymphoma Validation Events per Variable H
atients Screening
Strengths:
21 VTE (6.4%), median &jﬁﬁ;ﬂf 3% g ,
time 2 months after LY S D o Identification of potential
See reference [29]. diagnosis: . R Spec1.f1c1ty. 91.8% improvements to an already
Additional improvement ) No patient recelveq AUC: 0.639 existing tool
Li 2024 Khorana score, of the ThroLy score b e 9DVT upper l}mb thrombgprophylaxw ThroFy score o
’ - ThroLy, - y y e 6DVT lower limb at baseline. No Sensitivity: 31.8% Limitations:
Retrospective 325 NHL . None adding the level of R : . A o .
120] modified D-dimer > 1345 pg/dL e 4 subclavian and information on Specificity: 89.8% e Single center
ThroLy and adiustin & jugular DVT thrombophilia AUC: 0.695 e Not routinely available
hemogllobin ‘%0 <110g/L o 2lefthead vein screening. Modified ThroLy score predictors
thrombosis Sensitivity: 76.2% o Cutoff optimization is
EPV: ~3-4 Specificity: 71.4% driven by the same dataset
AUC: 0.738
Strengths:
e Routinely available
predictors
Nomogram No information on AUC at 1 year: 0.838 ® Robust internal validation
Liang, 2023, All tvpes of mo delgfor Age, gender, platelet 52 (4.92%) VTE, median prior Royston D statistics of 1000 . Goc?d _dlscrlmmatlon o
Prospective 1069 vm y}}'foma redicting VTE  mternal count, D-dimer and time 3.4 months thromboprophylaxis ~ cross-validations: 1.61 + 0.07, statistic (Royston D statistic)
[21] ymp P K 8 chemotherapy cycle EPV: ~10 or thrombophilia indicating very good ¢ Time-to-event analysis
s screening discrimination power Limitations:
e Single center
e No external validation
Derivation cohort: Strengths:
C-statistic for overall VTE: 0.68 (95% CI ¢ Multicenter study with
. 0.67-0.69) large sample
Histological subtype VTE incidence: C-statistic for PE/low extremities-DVT: ~ ® Rout.ir\ely available .
ot BM{ type e Derivation cohort No patient received -8 (95% CL,0.66-0.71) predictors, selected with
External Ef treatment ! (10,313 patients): 5.8% throrr)nbo rophvlaxis First validation cohort: LASSO regression
Ma, 2024, o e hosmitaliation lenath s First validation cohort ~_{ baselirli’e KIOY C-statistic for overall VTE: 0.69 (95% CI ¢ High number of events per
Retrospective 13,025 All types VTE RAM valdation R (854 patients): 8.2% information on 0.64-0.79) variable
[31] cohorts li:)mmobiliza tio,n time e Second validation thrombonphilia C-statistic for PE/low extremities-DVT: ° Externa'l Va'hd'atlo.r\
span to troatment cohort (1858 patients): Screeninp 0.72 (95% CI, 0.65-0.79) ¢ Good discrimination
bIZ innin 8.8% & Second validation cohort: statistics )
g & EPV: ~74 C-statistic for overall VTE: 0.72 (95% CI e Competing risk analysis

0.65-0.79)
C-statistic for PE/low extremities-DVT:
0.69 (95% CI, 0.63-0.73)

Limitations:

Retrospective design
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Table 2. Cont.

Number . Thromboprophylaxis/
Authors, Year, of Type of Studied Model Type (.)f Studied Variables VIE Imldence. and Thrombophilia Results Risk of Bias
Type of Study . Lymphoma Validation Events per Variable H
Patients Screening
15 (4.7%) with di Strengths:
.7%) with a median
follow-up of 6.9 (0.3-42.1) . . e No correlation between VTE and e Validated RAMs and
months: No information on Khorana score > 2 (p = 0.689) or predictors
Ma’koseh, 2024, Kh ’ prior ThroLy score > 3 (p = 0.335) PR
; orana, . . y p =0 Limitations:
Retrospective 321 HL ThroL N/A See references [11,29] e 12 upper extremities thromboprophylaxis e Older age (p = 0.014) and relapsed
[22] y e 2PE or thrombophilia or refractory disease (p = 0.003) e Single center
¢ 1llower extremity screening significantly correlated with VTE e Focus only on HL
EPV: ~3 e No discrimination statistics
Lymphoma- 797 ggr(-)mbotic events Bﬁ‘iélc mr th@o dselvgelopment cohort: Strengths:
ific (9.8%): .0 years: 0. X
spect » . . 1 year: 0.818 e Validated RAMs and
nomogram, ECOG score, coronary e 50 upper extremities No information on 2 vears: 0.733 predictors
Pan, 2025, patients split heart o 14 lower extremities prior years: L7335 ) rath
. . ) . . . . AUC in the validation cohort: e Calibration plots
Retrospective 790 NHL and HL 7:3 into Internal disease, prior VTE, e 10 intracranial thromboprophylaxis. 0.5 vears: 0.724 L
[23] development central venous thromboses No thrombophilia 1' Y 0 731 Limitations:
and internal- catheterization, D-dimer e 2 arterial thromboses screening. > ?:r's_ 0 659 o Single center
vaﬁd:ttlon e 1PE AUC of ThroLy at 1 year: 0.587 e No external validation
cohorts EPV: ~11 AUC for Khorana at 1 year: 0.527
Strengths:
64 (15%) in the median ) e Validated RAMs and
oy perod o Kiorms somdidno ety | pdeon
4.7 months (1.4-7.6): . . predic o, o, . iscrimination statistics
( )_ . No patient rece“'ef? C-statistic 0.51) e High number of events per
Rupa-Matysek Khorana score * 18 lower extremities thromboprophylaxis  Risk factors associated with VTE: variable
2018, 428 DLBCL, HL and other N/A See reference [11] s 7PE at baseline. No Bulky di OR 2.34; 1.62-3.36 Limitations:
Retrospective ¢ redictor e 39DVT (23 internal information on ¢ Bulky disease (OR 2.34;1.62-3.36) imitations:
[24] predictors jugular veins, 1 portal  thrombophilia ° f(ojc{r fr;;;gnoshc disease (OR 1.32; e Single center
vein, 15 upper screening. L e No calibration assessment
extremities) e DLBCL (OR 1.61;1.17-2.19) e No evaluation of the risk
EPV: ~12 factors in form of a
prediction model
64 (15%) in the median Strengths:
follow-up period of e Validated RAMs and
4.7 months (1.4-7.6): No patient received predictors
Rupa-Matysek * 18 lower extremities thromb(?p rophylaxis 48% of the VTE events occurred in the ~ Limitations:
§018, . 428 DLBCL, HL ThroLy N/A See reference [29] * 7PE . .at basehr}e. No low-risk ThroLy score group: e Single center
etrospective e 39 DVT (23 internal information on C-statistic 0.55 (AUC 95% CI: 0.40-0.70) e No calibrati "
[25] jugular veins, 1 portal ~ thrombophilia : o ’ O calibration assessmen
vein, 15 upper screening. e Wide confidence intervals
ox trémities) e No report of sensitivity,
specificity, PPV and NPV
EPV: ~12
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Table 2. Cont.

Number . Thromboprophylaxis/
,? uthors, Year, of Type of Studied Model T)fpe (.)f Studied Variables VIE Imldence. and Thrombophilia Results Risk of Bias
ype of Study . Lymphoma Validation Events per Variable H
Patients Screening
o Khorana score categories were hs:
positively Strengths:
e associated with the risk of VTE of e Validated RAM
53 VTE events Thromb hvlaxi any grade (Gray’s test e Multicenter study, large
The six-month incidence rgr_n Oprop. }é‘axm p-value = 0.048) and with severe sample size
Santi, 2017, DLBCL, of severe :;sel énctlwlz studies events (grade > 3; Gray’s test e Competing risk analysis
Retrospective 1717 INHL, MCL, Khorana score N/A See reference [11] VTE (CTCAE grade > 3) . ? uaec. INo p-value = 0.012) Limitations:
30 FL was 0.7%. risine to 3% for  nformation on e A higher Khorana score is
[30] s 0.7%, rising to 3% fo: h boohil g
any grade of VTE thrombophilia associated with a higher incidence ~ ® Low number of events per
EPV: ~10 screening. of any grade of VTE event variable o
e VTE incidence is higher in patients ~ ® NoO discrimination statistics
with DLBCL (HR: 3.42, 95% CI: e Missing data
1.32-8.84)
Strengths:
e Multicenter study
e Routinely available
N tent ived predictors
ivi 0 patient receive External validation
Activity amount, . . . . o . e Ebxte o
Wang, 2024, Nomogram for thrombosis history in the 35 (11.5%) PICC-related thrombgprophylax1s AUC in the training set: 0.907, 95%CI: Limitations:
. Not detecting PICC- L at baseline. No 0.850-0.964
Retrospective 305 ioned iated External last 12 months, ATIII, VTE, median time 13 days . P . AUC in the validati . 0.89 .
[28] mentione associate: total cholesterol and EPV: ~7 information on in the validation set: 0.896, e Focus exclusively on
thrombosis D-dimer : thrombophilia 95%ClI: 0.782-1.000 PICC-related thrombosis
screening. e Wide confidence interval in
the validation cohort
e Low event rate per variable
with a very high AUC.
Strengths:
e All types of lymphoma are
included
Nomogram Platelet count 113 VTE events (20.3%): No patient received . Calibrati.on curve
Y. 2021 b ° c{)g a h ate el C{;.u l, 1 e 42 DVT of upper thromboprophylaxis AUC of the nomogram: 0.731, 95%CI: e Comparison with Khorana
Ri?rgo/s ective 555 All types i(s)en;)sr’;ic Internal grr::ioegr (;lilnniczr:tél e extremities at baseline. No 0.682-0.781, C-index 0.73 T
126] P typ lf:,act%rs for fcg o ofll m homag(ﬁL e 71 DVT of lower information on AUC of Khorana score: 0.557, 95%CI: . ng_h number of events per
redicting VTE v};pB cell); P extremities thrombophilia 0.495-0.61 variable
P 8 ' EPV: ~22 screening. Limitations:

e Single center
e No external validation

AMI = acute myocardial infarction, ATIII = antithrombin III, AUC = area under the curve, BMI = body mass index, CEA = carcinoembryonic antigen, CI = confidence inter-
val, CLL/SLL = chronic lymphocytic leukemia/small lymphocytic lymphoma, CTCAE = Common Terminology Criteria for Adverse Events, DLBCL = diffuse large B-cell lym-
phoma, DVT = deep vein thrombosis, ECOG = Eastern Cooperative Oncology Group Performance Status, EPV = events per variable, ESAs/G-CSFs = erythropoiesis stimulating
agents/granulocyte colony-stimulating factors, FL = follicular lymphoma, HL = Hodgkin lymphoma, HR = hazard ratio, INHL = indolent non-Hodgkin lymphoma, IPI = International
Prognostic Index, LASSO = Least Absolute Shrinkage and Selection Operator, LDH = lactate dehydrogenase, MCL = mantle cell lymphoma, N/A = not applicable, NHL = non-Hodgkin
lymphoma, NK/TCL = natural killer/ T-cell lymphoma, NPV = negative predictive value, OR = odds ratio, PE = pulmonary embolism, PICC = peripherally inserted central catheter,
PPV = positive predictive value, RAM = risk assessment model, TCL = T-cell lymphoma, VTE = venous thromboembolism, WBC = white blood cells. Italics is used to differentiate

between groups of data.
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The most frequently evaluated predictors, identified by multivariate analysis, are

summarized in Table 3.

Table 3. Frequent predictors for VTE evaluated by multivariate analysis.

Study/Type of Validation/Concerns Regarding Applicability

Predict
reductor Authors Validation Results Concerns
Antic [29] Internal (sample splitting) OR 14.1 (4.4-45), p < 0.001
Pan [23] Internal (sample splitting) HR 6.5 (2.0-21.5), p = 0.02 Increased risk of
Bastos [16] No validation HR 4.1 (1.4-11.8), p = 0.003 overfitting
Previous VTE
Li [20] No validation OR 105.3, p < 0.001
Ma [31] External validation SHR 2.7 (2.2-3.5)
Abdel [15] External validation for [29] OR 1.6 (0.7-3.8), p=0.23
. . ECOG 2—4: OR 5.1 (1.9-14.0),
Antic [29] Internal (sample splitting) p <0.001
Increased risk of
> 4: —
ECOG Pan [23] Internal (sample splitting) ECOG = 4: HR 6.0 (1.8-19.4), overfitting
performance p =0.003
status Li [20] No validation ECOG > 3: OR 2.9, p = 0.13
Abdel [15] External validation for [29] ECOG 2-4: OR 18 (0.9-3.6),
p =0.054
Antic [29] Internal (sample splitting) BMI > 30: OR 10.7 (3.3-34.6), Increasef:l Flsk of
BMI p <0.001 overfitting
Ma [31] External validation BMI > 35: SHR 1.3 (1.1-1.6)
Rupa-Matysek [25] External validation for [29] OR 1.9 (1.05-3.4), p =0.034
DLBCL
Rupa-Matysek [24] External validation for [10] OR 1.6 (1.1-2.1), p = 0.003
. Increased risk of
CvC Pan [23] Internal (sample splitting) HR 2.4 (1.1~5.0), p=0.01 overfitting
Mediastinal Antic [29] Internal (sample splitting) OR 8.0 (4.0-15.8), p = 0.001 Increased risk of
involvement Li [20] No validation OR 11.2, p = 0.001 overfitting
. s Increased risk of
He;gggl?:in Antic [29] Internal (sample splitting) OR 3.9 (1.7-8.5), p = 0.001 overfitting
<
& Abdel [15] External validation for [29] OR 2.7 (1.4-5.4), p =0.003

BMI = body mass index, CVC = central venous catheter, DLBCL = diffuse large B-cell lymphoma, ECOG = East-
ern Cooperative Oncology Group Performance Status, HR = hazard ratio, OR = odds ratio, VTE = venous
thromboembolism.

3.1.1. Khorana Score

The Khorana score showed an insufficient discrimination power in lymphoma patients,
mainly due to the lack of lymphoma-specific predictors. Rupa et al. [24] recorded a
positive predictive value of 15%, a negative predictive value of 82% and a C-statistic of 0.51
corresponding to a near-chance discrimination, in the context of an appropriate sample size
and a rate of events per variable up to 12. Moreover, Rupa et al. [24] found the histological
type of DLBCL, bulky disease and poor prognosis to be associated with VTE risk; however,
they did not include these parameters in a new VITE RAM. These results are in accordance
with the findings of other studies, which reported an area under the curve of the Khorana
score ranging between 0.502 and 0.639 [16,20,23,26]. In a smaller study sample with fewer
events per variable, Ma’koseh et al. [22] also found no correlation between the occurrence
of VTE and a Khorana score > 2. However, Santi et al. [30] concluded that a higher Khorana
score is statistically significantly positively associated with the VTE risk, but they did not
report any discrimination statistics, which makes the difference between discrimination
power and pure statistical association difficult.
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3.1.2. Thrombosis Lymphoma (ThroLy) Predictive Score

The ThroLy score was developed by Antic et al. [29] and recorded a C-statistic of
0.85-0.87 in the derivation and validation cohort. However, the authors conducted no
external validation and also included the occurrence of arterial thrombosis, which exhibits
a different pathophysiological background compared to VTE. The score recorded a high
positive predictive value of 65.2% in high-risk categories (>4), but with a wide confidence
interval ranging from 42 to 83%. Other studies acting as external validation cohorts for the
ThroLy score [16,20,23] reported areas under the curve of the ThroLy score ranging from
0.579 to 0.695. Rupa-Matysek et al. [25] found that 48% of the VTE events occur in low-risk
ThroLy categories and calculated a C-statistic of 0.55, which was modestly better than the
C-statistic of 0.51 recorded by the Khorana score in the same cohort of lymphoma patients.

3.1.3. International Prognostic Index

Abdel et al. [14] used the already available International Prognostic Index for non-
Hodgkin lymphoma and found a 19.8% VTE occurrence in patients with high- and
high-intermediate scores compared to 9.7% in those with low- and low—intermediate
scores; however, they did not report any discrimination statistics. Hantrakun et al. [18]
obtained a C-statistic of 0.65 based on the age-adjusted IPI in a cohort of 591 patients, but
the low rate of events per variable might increase the risk of overfitting.

3.1.4. Newly Developed VTE Risk Assessment Models

Ma et al. [31] developed a VTE RAM with seven routinely accessible predictors selected
using LASSO regression. The study population included 13,025 patients, divided into one
training and two external validation cohorts. The authors obtained a C-statistic of 0.68-0.72
in all sets of patients, with narrow confidence intervals and based on the highest rate of
events per variable among available studies, which strengthened the generalizability of the
results and decreased the risk of bias.

Dharmavaram et al. [17] added four lymphoma-relevant parameters to the Khorana
score (bulky disease, lymphoma histological subtype, albumin and leukocyte count), which
increased the C-index at 2 years follow-up from 0.601, as obtained for the Khorana score, to
0.775 for the proposed new model.

Liang et al. [21] developed a nomogram for VTE prediction, including risk factors of
age, gender, D-dimer level, platelet count, and the chemotherapy cycle, and obtained an
area under the curve of 0.838 with a high Royston D statistic and acceptable rate of events
per variable, indicating a robust internal validation and good discrimination power.

Pan et al. [23] designed a similar nomogram, taking into consideration already val-
idated risk factors for VTE such as ECOG performance score, prior VTE history, the use
of central venous catheters, D-dimer levels, and the presence of coronary heart disease,
and obtained an area under the curve at 1 year of 0.818, which was higher than the values
of 0.587 and 0.527 recorded for the Khorana and ThroLy scores, respectively; however, at
2 years, the area under the curve decreased to 0.733, which indicated a lower power of
discrimination over time.

Yang et al. [26] reported an area under the curve of 0.731 for a five-variable nomogram,
which was also higher than the value of 0.557 recorded for the Khorana score in the same
cohort of patients.

A distinctive study is the one conducted by Wang et al. [28], in which the authors
focused exclusively on the PICC-associated thrombosis; based on five variables, the authors
obtained a very high area under the curve of 0.907 in the training set and of 0.896 in the
external validation set, respectively; however, the wide confidence intervals and the low
rate of events per variable increased the risk of overfitting.
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Study

3.2. Studies Evaluating VTE Predictors

Twenty-six studies evaluating predictors for VIE were included in the final analy-
sis [2,4,6,32-54]. The detailed description of the risk of bias among the included studies is
presented in Figure 3.

Risk of bias domains

| Overall |

Borchmann, 2019

Borg, 2016

Byun, 2019
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Lan, 2021
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Nguyen, 2025
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Figure 3. QUIPS risk of bias assessment of the included studies [2,4,6,32-54]. Created in robuvis [55].

The risk of bias was considered high in the majority of studies, especially due to
bias in considering the confounding factors. The prevalence of VTE ranged between 3
and 35%, depending on the histological type of lymphoma included. Higher age was
associated with two- to threefold higher odds of developing VTE [34,35,42,47], while
a poor performance status was also associated with higher VTE risk [33,34,38,39,42,52].
Previous VTE history was a strong predictor for thrombosis development, associated
with four- to fivefold higher odds of VTE development [33,44,50,51]. Borg et al. [33]
reported a VTE prevalence of 11% in 289 patients with DLBCL, although 100 patients
were already receiving thromboprophylaxis; the authors identified the past history of VTE
as the strongest predictor for a new thrombotic event. In two large cohorts of patients
with lymphoma, Borchmann [32] and Lund [29] obtained a VTE prevalence of only 3%,
significantly associated with the use of central venous catheters (CVC). Moreover, in a large
cohort of patients with DLBCL and FL, Sanfilippo et al. [51] reported significantly higher
odds of VTE during chemotherapy and also in patients with previous VTE.

The characteristics of the included studies with evaluated predictors for VTE are
summarized in Table 4.
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Table 4. Characteristics of the studies assessing predictors of VTE.

Authors, Year, Type Number Type of . . . Prophylactic
of Study of Patients Lymphoma Studied Predictors VTE Incidence Anticoagulation Results
3.3% incidence of thrombosis, . L. .
Type of treatment, age, gender, 175 venous thromboses ngher cinadence of thrombosis based on the treatment
smoking, platelet count, anemia, e 81 DVTin the arm recetved: y .
Borchmann, 2019, 5773 HL leukocyte count, BMI, Khorana score, o 43DVT of the leg 2 events occurred despite ?;1 f 1n786< g(];:;? COPP-14 vs. 5.7% in 8XBEACOPPesc (OR
Prospective [32] B-symptoms, albumin, ECOG, e 23PE thromboprophylaxis. A'ge, f nzl s'mok'mg were associated with thrombosis. A
:ﬁgi?gdaé;iltssfsegzteiilashnal mass, * 28 o‘t)her thromboses higher Khorana score did not increase venous thrombotic
g, ery’ P e 30.6% CVC-associated risk (OR (per point) =0.92, p= 041)
Predictors of VTE:
Overweight, smoking, e Past history of VTE, HR 4.3 (1.3-14.1)
thromboprophylaxis, history of VTE, 32 events (11%), follow-up 16 months 100 patients with e Ann Arbor stage I1I-1V, HR 2.8 (1.1-6.8)
Borg, 2016, 289 DLBCL Ann Arbor stage III-IV, ECOG, e 19DVT thromboprophylaxis, 9 e ECOG 3+4,HR28(1.0-7.2)
Retrospective [33] B-symptoms, IPI score, albumin, e 13PE developed a thrombotic e [IPIscore: high risk, HR 3.9 (1.2-12.7)
platelet count, hemoglobin, leukocyte event. The risk of VTE was higher before chemotherapy was
count, LDH initiated (IR 0.6 before treatment, 0.18 during treatment,
and 0.04 after treatment)
Age, gender, radiation, type and dose 33 events (14%), follow-up 21 months Predictors of VTE:
Byun, 2019 of chemotherapeutic agents, body mass e 11 DVT e Female gender, HR 2.3 (1.1-4.9)
Rytl o ective [34 235 PCNSL index, number of brain parenchymal e 15PE Not mentioned. * Age> 60 years, HR 3.2 (1.3-8.0)
etrospective [34] lesions, platelet count and leukocyte e 7DVT with PE e ECOG perfprmance >2,HR 3.6 (1.4-9.4)
count, ECOG, hemoglobin e Hemoglobin <10 g/dL (0.8-11.8)
Predictors of VTE:
Age, gender, body mass index, ECOG, ® IA/[ale SZZ’ HR 2%{%;_24(3{ g ; 8'012) 0.045)
Ann Arbor stage, CVC, e Age > 64 years, .2 (1.0-5.0,p=0.
Chen, 2022, 1069 HL, DLBCL, TCL, leukocyte and platelet counts, 52 events (4.9%), follow-up 23 months Not mentioned.  Number of cycles of chemotherapy 1-5, HR 4.5
Retrospective [35] NK/T-cell lymphoma . . (1.1-17.8, p = 0.029)
hemoglobin, chemotherapy regimen /P
and number of cycles, D-dimer e Platelet count > 350 x 109/L, HR 2.5 (1.1-5.4, p = 0.016)
’ e D-dimer >0.5mg/L, HR 4.3 (2.1-8.9, p < 0.001)
Predictors of VTE at diagnosis:
e ECOG >2,0R 2.1 (1.1-4.1, p=0.02)
e Bulky lesions, OR 2.7 (1.4-5.2, p = 0.002)
Fl Ashwal. 2024 ECOG, laboratory parameters, bulky e Mediastinal masses, OR 5.0 (2.1-12.2, p < 0.001)
Retrospecti;/ o [2]’ 777 NHL lesions, livezl cirfhosis, IPI, treatment 107 VTE events (13.7%) Not mentioned. Predictors of VTE in chemotherapy:
response and relapse status e ECOG > 2, HR6.1(18-19.5, p = 0.003)
e ANC,HR 1.2 (1.0-15, p = 0.03)
e NLR,HR1.1(1.1-1.3, p = 0.04)
58 VTE events (7.9%) after bone marrow Predictors of VTE among allogenic BMT survivors:
transplant, median follow-up 8.1 years e BMI 25-30, HR 3.5 (1.4-8.6), p = 0.006;
. e Cumulative VTE incidence after e History of chronic GvHD, HR 3.3 (1.5-6.9), p = 0.001
Gangaraju, 2019, 734 NHL BMT Not mentioned.

Retrospective [36]

allogenic BMT: 14.9 £ 2.6% at 10 years
e Cumulative VTE incidence after
autologous BMT: 5.4 & 1.1% at 10 years

Predictors of VTE among autologous BMT survivors:

o Coronary artery disease, HR 5.9 (1.7-20.7), p = 0.005
o Treatment with carmustine, HR 4.9 (1.6-14.5), p = 0.004
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Ay T otbwienss  Lynphoma Anicosguion
Predictors of VTE:

Gangaraju, 2022 ) . 639 (11.5%) patients taking e Pre-cancer VTE history, HR 5.3 (4.3-6.6)

Retrospe ct,iv o / 5537 DLECL Age >80, history Qf VTE, gender, race, 524 VTE events (9.5%), median follow-up anticoagulants prior to Protective factors:

137] prior anticoagulation 12 months lymphoma diagnosis. e Asian individuals, HR 0.5 (0.2-1.0)

e Atrial fibrillation, HR 0.3 (0.2 to 0.6)

Hashmi, 2020,

Retrospective [38] 148 LBCL

Predictors of VTE after CAR T-cell
therapy

16 VTE events (11%) in the first 100 days
after CAR T-cell therapy

12 patients taking
anticoagulants prior to CAR
T-cell therapy due to previous
VTE.

Bulky disease > 10 cm, bridging therapy and ECOG 24
were associated with a new VTE event after CAR T-cell
therapy (p < 0.01)

Hohaus, 2018,

DLBCL, HL, FL, PTCL,

Age, gender, histology, bulky disease,
stage, ECOG, leukocyte and platelet

95 VTE events (11.1%), median follow-up

Predictors for VTE:

e PCNBSL, incidence of 27.2% (9/33), OR 3.7 (1.4-9.6), p =
0.008

: e Bulky disease > 10 cm, OR 3.2 (1.8-5.6), p = 0.0001
Retrospective [39] 857 MCL coqnt, hemoglgbin, alb1'1mi'n, LDH in 14 months Not mentioned. e ECOG2-4,0R1.8(1.0-3.1),p =0.04
patients requiring hospitalization e Higher incidence in aggressive lymphomas (DLBCL
12.6%, PTCL 13.1%) vs. HL (6.8%) or FL (5%)
31 VTE events (20.7%):
s Age, gender, histology, stage, ECOG, o 18 upper extremity DVT . .. VTE timing, CVC, initial high fibrinogen level, initial
Irgértl;s)zslaer,c ,i?]zeo[’ 4 150 HL anemia, leukocyte and platelet count, o 3lower extremity DVT tlgrg:rtf:ti;e;elgzi leukocytosis, and prior thromboprophylaxis were
3 BMI, thromboprophylaxis e 10PE propay ’ associated with VTE
Age, gender, stage, ECOG, Predictors for VTE:
If{an’ 2021, ) 668 TCL B-symptoms, CVC, hemoglobin, 33 VTE events (4.9%), all DVT Not mentioned. e CVC OR3.2(14-7.2),p =0.003
etrospective [40] leigkocyte andd platelet count, LDH, e Stage III-1V, OR 2.3 (1.0-4.9), p = 0.035
albumin, D-dimer
o . Predictors for VTE:
Thrombophilia diagnostic . .
15 VTE events (35.7%): performed in 11 patients with ngg%rzglbﬂnoge“ level 8.2 +26g/Lvs. 6.3+22¢g/L,
) ) e VTE p=0.
Lekovic, 2010, 0 PMBCL Age, gender, tumor mass, superior e 14DVT 1 patient with prior VTE o D-dimer level (509 =+ 276.8 ug/L vs. 207 & 166.7 ug/L,
Retrospective [41] vena cava syndrome, therapy response ¢ 1PE history developed VTE, no p= 0_001) o
patient without VTE had e Larger diameter of mediastinal tumor mass
prior anticoagulation. (14 £3.1cmvs. 11+ 3.4, p = 0.01)
34 VTE events (10.6%), follow-up 41
. months: Predictors for VTE:
Lim. 2015 Age, gender, ECOG, smoking, BMI, N . ived
m, 20, 322 DLBCL stage, hemoglobin, leukocyte and e 18DVT O patients receives e Age> 60 years, SHR 2.6 (1.5-4.5), p < 0.01
Prospective [42] e 12PE thromboprophylaxis. e ECOG 2-4,SHR 2.0 (1.0-3.7), p = 0.03

platelet count, LDH

e 3 PE with DVT
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Authors, Year, Type Number Type of . . . Prophylactic
of Study of Patients Lymphoma Studied Predictors VTE Incidence Anticoagulation Results
Predictors for VTE:
355 VTE events (3%), follow-up 2 years e Central nervous system involvement, SHR 2.5 (1.5-4.1)
Lund, 2015, 10.924 All types of Transient effect of chemotherapy, e 1I5PE Not mentioned ¢ PTCLwith SHR 2.0 (1.2-3.3), DLBCL with SHR 1.7
Retrospective [43] . lymphoma radiation, CVC, rituximab e 195DVT ot mentioned. (1.3-2.4) and HL with SHR 1.6 (1.0-2.4) vs. indolent
e 45 other VTE lymphoma
e CVC use increased VTE risk, aOR 6.7 (1.2-28.1)
Predictors of VTE:
. 3 e Age50-59, HR 2.5 (1.1-6.0)
Egn\:gf events (14.4%), follow-up 58 o Initial course of chemotherapy, HR 2.4 (1.3-4.4) and
Mahaian. 2000 ) radiation, HR 1.5 (1.0-2.2)
ahajan, 2 : e 75PE i ;
Retrospective [44] 992 PCNSL Age, gender, chemotherapy, prior VTE « 32 proximal DVT Not mentioned. Protective factors for VTE:
e 36 distal DVT e Asian/Pacific Islanders, HR 0.3 (0.2-0.6) vs.
non-Hispanic Whites
e Prior VTE history, HR 1.4 (0.4-4.7)
36 VTE events (16.7%): Predictors for VTE:
Ma’koseh, 2023, Histology, mediastinal involvement, e 28 upper extrer_nity DVT One patient w'ho developed . High LDH le_vel, OR 6.5 (2.5-16.7), p < 0.001
Retrospective [45] 216 Relapsed DLBCL, HL BMI, LDH, ThroLy, hospital stay e 4lower extremity DVT VTE had previous ) ¢ Mediastinal involvement, OR 2.7 (1.2-5.6), p = 0.005
3PE thromboprophylaxis. e Hospital stay > 24 days, OR 2.7 (1.2-5.6), p = 0.007)
Predictors for VTE:
) Patients with Khorana score e D-Dimer (<500 vs. >500 ng/mL), OR 0.04 (0.003-0.6),
Nguyen, 2025, 157 HL, NHL Age, gender, ECOG, D-dimer, 13 VTE events > 3(7.6%) received p=002 o
Prospective [46] cardiovascular disease, bulky disease prophylactic anticoagulation. e Cardiovascular comorbidities (Yes vs. No), OR 0.03
(0.002-0.5), p = 0.01
69 VTE events (9.8%), median follow-up .
i i Predictors for VTE:
E{Zgg:g?:e rsslzielir;lentatlor\ rate, 25 months: Almost 70% of patients £ X .
Otasevic, 2022, 706 HL NHL Neutro hilli Lvmphocyte Ratio e 39 DVT of the extremities received thromboprophylaxis ~ ® NSutrophll—Lymphocyte Ratio, OR 1.04 (1.0-1.08),
Prospective [6] 4 PlateletIzL myholc) te ﬁatio L]ISH total e 16PE in the last three years of the p= 0'04_ .
protein al}];ur}r)ﬁn Yy , , e 26 other sites for DVT study. e C-reactive protein, OR 1.007 (1.0-1.01), p = 0.024
54 VTE events, median follow-up 21 Predictors for VTE:
Park. 2012 Age, gender, ECOG, serum LDH, months: N Hent ived '
e, L0s 686 HL, NHL B-symptoms, extranodal involvement, e 33DVT O patients recetve e Age>60years, OR2.2 (1.1-5.4), p = 0.022
Prospective [47] histology, comorbidities . S1PE thromboprophylaxis. e PCNSL, OR 4.1 (2.8-18.6), p < 0.01
Predictors for VTE:
Rupa-Matysek, . . e MPV < 10th percentile (<6.1 fl), OR 1.8 (1.0-3.1),
2017, 184 DLBCL Mean platelet volume 39 VTE events (21.2%) No patients received T =

Retrospective [48]

thromboprophylaxis.

p=0.03
e Salvage therapy, OR 2.4 (0.6-3.6), p < 0.001
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Table 4. Cont.

Authors, Year, Type Number Type of . . . Prophylactic
of Study of Patients Lymphoma Studied Predictors VTE Incidence Anticoagulation Results
Predictors for VTE:
Rupa-Matysek, No patient ved e MPV < 25th percentile (<6.8 fl), OR 2.2 (1.0-4.5),
2018, 167 HL Mean platelet volume 12 VTE events (7.2%) ho pablen S re}::ellve. p=0.03
Retrospective [49] thromboprophylaxis. e Advanced stage, OR 2.0 (1.0-4.0), p = 0.03
e Bulky disease, OR 2.2 (1.1-4.3), p = 0.01
Predictors for VTE:
24 VTE events (31%): ' ' o Previous VTE, HR 4.2 (2.4-7.5), p < 0.001
Saito, 2021, 78 PCNSL Age, gender, BMI, comorbidities, e 12DVT 42 patients received . Ambulatory status, HR 5.1 (1.5-17.1), p = 0.007
Retrospective [50] ECOC e 9PE perioperative . o Initial hemoglobin < 10 g/dL, HR 7.7, (2.0-28.9),
e 5PE with DVT thromboprophylaxis. p=0.003
e History of diabetes, HR 2.4 (1.0-5.7), p = 0.04
Predictors for VTE:
Age, gender, histological type, history e Previous VTE, adjusted HR 4.7 (2.4-9.0), p < 0.0001
of prior VTE, BMI, hemoglobin, LDH, e During chemotherapy, adjusted HR 7.6 (4.7-12.2),
Sanfilippo, 2016, 2037 DLBCL. FL stage (stage III/IV versus I/1I), 246 VTE events (12.1%), follow /up 28 Not mentioned p <0.0001
Retrospective [51] ! B-symptoms, treatment With ) months ' e Stage IIl & IV, adjusted HR 1.4 (1.0-2.1), p = 0.02
doxorubicin and time period during e B-symptoms, adjusted HR 1.4 (1.0-2.0), p = 0.02
chemotherapy administration e BMI > 30, adjusted HR 1.6 (1.0-2.3), p = 0.02
Yok 2012 A der, BMI, ECOG, IPI DY : pt('atientslret?eived‘ t Predictors for VTE:
okoyama, , ge, gender, , , IPI score, e 11DVT anticoagulation prior to
Retrospective [52] 142 DLBCL cvC e 2 PE with DVT lymphoma diagnosis (1 e ECOG 2-4,0R31.1 (3.7-255.6), p = 0.001
developed VTE).
13 VTE events (25%):
Yuen, 2020 Age, gender, ECOG, hemoglobin, e 5DVT 38 patients received Patients with Khorana score > 2 were more likely to have
Retro/s ecti/ve 53] 51 PCNSL leukocyte and platelet count, Khorana e IPE thromboprophylaxis (10 VTE than those with a Khorana score < 2 (60% vs. 15%; p =
P N score e 3PEwith DVT developed VTE). 0.01)
e 4 CVC-associated
Predictors for VTE:
80 VTE events: ) ) e Female gender, OR 3.5 (1.6-7.4), p = 0.001
Zhou, 2010, Age, gender BMI, laboratory e 59DVT 18 patients rgcelvef:l ® H¥gh hemoglobm‘, QR 1.2 (1.0-4.5), p = 0.02
422 HL, NHL e 17PE anticoagulation prior to o High serum creatinine, OR 3.2 (1.3-7.8), p = 0.009
L]

Retrospective [54]

parameters, comorbidities

e 4PEwith DVT

lymphoma diagnosis.

Doxorubicin- or methotrexate-based chemotherapy, OR
3.4 (1.5-7.7), p = 0.003

ANC = absolute neutrophil count, BEACOPP = bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone, BMI = body mass index, BMT = bone
marrow transplant, CAR = chimeric antigen receptor, CVC = central venous catheter, DLBCL = diffuse large B-cell lymphoma, DVT = deep vein thrombosis, ECOG = Eastern Cooperative
Oncology Group Performance Status, FL = follicular lymphoma, GVHD = graft versus host disease, HL = Hodgkin lymphoma, HR = hazard ratio, IPI = International Prognostic Index,
LBCL = large B-cell lymphoma, LDH = lactate dehydrogenase, MCL = mantle cell lymphoma, MPV = mean platelet volume, NHL = non-Hodgkin lymphoma, NK/TCL = natural
killer /T-cell lymphoma, (a) OR = (adjusted) odds ratio, PCNSL = primary central nervous system lymphoma, PE = pulmonary embolism, PMBCL = primary mediastinal B-cell
lymphoma, SHR = subdistribution hazard ratio, TCL/PTCL = peripheral T-cell lymphoma, VTE = venous thromboembolism. Italics is used to differentiate between groups of data.
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4. Discussion

Patients with lymphoma are at high risk for VTE due to the active disease itself, but
also due to chemotherapy [15], insertion of CVCs, or hospitalizations leading to immobi-
lization [45,56]. In a large cohort study conducted by Martens et al. [57], aggressive NHL
was associated with the highest VTE incidence among hematological malignancies, second
to acute lymphoblastic leukemia.

The Khorana score remains the current standard for prescribing prophylactic anti-
coagulation in patients with cancer, showing reasonable performance in solid tumors;
however, its ability to discriminate patients with lymphoma who are at high risk for VTE is
insufficient, since all histological types of lymphoma are categorized as one entity, ranging
from indolent to very aggressive forms [29]. Our systematic review identified 18 studies
focusing on multivariable RAMs and 26 studies evaluating predictors for VTE in lymphoma
patients. Most of them were single-center studies that lacked external validation, making
generalization of the obtained results rather difficult. Furthermore, in most studies, VTE
was defined as DVT of either the upper or the lower extremity, which are separate entities
with different underlying pathophysiological mechanisms: DVT of the upper extremity is
CVC-related, while DVT of the lower extremity is a result of the inflammatory milieu and
may lead to PE [57].

Lymphoma-specific RAMs for VTE frequently used predictors such as the ECOG
performance status, extranodal localization, prior history of VTE and the histological
subtype of lymphoma, which were previously identified in prevalence studies. The poor
performance status in lymphoma patients is associated with lower overall and progression-
free survival [39]. Moreover, available data in the literature identify a poor performance
status, defined as ECOG > 2, to be correlated with a higher VTE risk [52,58]. Nguyen
et al. [46] found that patients with newly diagnosed lymphoma have fivefold higher odds
of developing VTE compared to those with ECOG 0-1. In the same manner, patients with
prolonged immobilization are at increased risk of developing VTE, especially in cases of
primary central nervous system lymphoma (PCNSL), where VTE prevalence may increase
up to almost 60% [59] or in frail patients with DLBCL [60]. Bulky disease was also identified
as a risk factor for VIE development [46], mainly due to the compression effect and venous
stasis caused by large mediastinal masses [61]. Moreover, older age associated with poorer
health condition in patients diagnosed with lymphoma may further augment the VTE
risk [47].

The thrombosis risk in patients with lymphoma is considered high at the beginning
of chemotherapy, leading to possible hospitalizations due to VTE [62,63]. Liang et al. [21]
found that the VTE risk is increased, especially during the 6th to 10th or after the 11th
chemotherapy cycle, explaining that the cumulative effect of chemotherapy induces the
damage of vascular cells, platelet activation and release of procoagulant proteins [21,64].
Li et al. [65] found a higher VTE incidence in female patients, in those with platelet count
abnormality and Ann Arbor stage III/IV undergoing chemotherapy. On the other hand,
Borg et al. [33] concluded that the VTE risk is especially high before treatment initiation
and it further decreases during and after chemotherapy. Among the most widely used
chemotherapeutic agents, doxorubicin is associated with a three- to fourfold increase
in the VTE risk [51,54,66,67]. Moreover, asparaginase derivatives, which are used in
lymphoblastic lymphoma treated with acute lymphoblastic leukemia protocols, carry a
well-known, very high risk for VTE development, especially due to the decreased synthesis
of anticoagulant proteins [68,69]. Novel therapies, such as chimeric antigen receptor (CAR)
T-cell therapy used for refractory or relapsed lymphomas, are also associated with increased
VTE incidence due to the advanced disease itself and the systemic inflammation caused by
therapy [38].
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The histological variety is a unique feature of lymphoma, which is associated with
disease aggressiveness and therefore with VTE risk. NHL is three to five times more
frequent than HL [70] and among NHL types, DLBCL is the most common and aggressive
form, accounting for up to 30—40% of cases [71]. Gangaraju et al. [37] found an eightfold
higher risk of VTE in elderly patients with DLBCL compared to healthy controls. In a large
cohort of patients from Denmark, Lund et al. [43] found the highest VTE incidence at one
year after diagnosis in patients with peripheral T-cell lymphoma (4.3%) and DLBCL (4.2%).
In a meta-analysis comprising over 18.000 patients, Caruso et al. [72] reported a statistically
significant higher VTE incidence in NHL (6.5%) compared to HL (4.7%).

Our review aimed to characterize the efficiency of novel and already existing RAM:s for
VTE detection in patients diagnosed with lymphoma, starting from the premise that general
RAMs for VTE like Khorana score lack appropriate discrimination ability in lymphoma.
Moreover, we aimed to summarize the available evidence on the studied predictors for
VTE detection in patients diagnosed with lymphoma. Ten out of the 18 included RAMs
were newly developed, while six were designed as validation cohorts for the Khorana and
ThroLy scores. The most frequent histological type of lymphoma was DLBCL, which is
associated with a high VTE risk and may consequently lead to the overestimation of the
VTE burden in patients with lymphoma. Moreover, eleven studies originated from Asia,
where the incidence of NHL is constantly increasing [73], thus limiting the generalizability
of the results. Most studies evaluating RAMs excluded patients who were receiving
anticoagulants, as previous thromboprophylaxis represents an important confounding
factor. However, there are still many studies evaluating predictors, where there were
no detailed data regarding previous anticoagulation or where patients already receiving
thromboprophylaxis developed VTE [32,33,45,52,53].

The generalizability of the results is mainly limited due to the significant risk of bias,
consisting in the single-center design with insufficient sample size, lack of external valida-
tion and discrimination statistics, as well as the heterogeneous VTE definition (inclusion of
catheter-associated VTE). The identified predictors were mainly selected using univariate
analysis, which is a common practice with an increased risk of overfitting, especially when
not using cross-validation or independent training sets for the selection of predictors [74].
Ma et al. [31] developed a promising and robust RAM for VTE, externally validated in two
cohorts and with reliable predictors; the model also differentiates between overall VTE
and lower extremity DVT/PE, emphasizing once again the different pathophysiological
mechanisms underlying these conditions. The selected predictors are similar within the
selected studies and comprise the ECOG performance status, Ann Arbor stage, histological
type of lymphoma, D-dimer and hemoglobin levels, and extranodal and bulky disease.

A critical issue in the design of clinical prediction models is the number of events
per variable (EPV). Historically, a rule of thumb of >10 EPV should be sufficient for
achieving statistical significance; however, in clinical practice, the risk of overfitting or even
of paradoxical associations is increased when the number of EPV is low [75]. Ma et al. [31]
achieved a number of over 70 EPV for a RAM evaluating seven covariates, which, according
to Balachandran et al. [76], meets the requirements for nomograms in oncology. However,
the authors report the results as C-statistic, which assesses exclusively discrimination
capacity, without weighing clinical benefit. In order to translate into clinical significance,
decision curve analysis should be employed in order to evaluate clinical utility beyond
simple discrimination [77].

4.1. Limitations and Future Directions

An important limitation of our systematic review is the lack of a meta-analysis, which
is mainly driven by the substantial data heterogeneity. The relevant variability in lym-
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phoma subtypes with different associated VTE risks (for example DLBCL versus HL) as
well as the treatment settings limit pooling and comparability. Moreover, most of the
studies present retrospective data and do not differentiate patients according to histological
subtype of lymphoma or type of thrombosis (upper or lower extremity). Another important
aspect is the lack of external validation in most of the reviewed models, which together
with the low number of EPV weaken the strength and generalizability of the identified
predictors for VTE in patients with lymphoma. We acknowledge that a closer look is
needed when analyzing the way in which the noted bias and confounding variables affect
the predictor validity and hope that this review may aid in the design of future studies
with strengthened methodology.

4.2. Clinical Implications

Thromboprophylaxis is recommended by guidelines in hospitalized patients with
hematological malignancies [78]. However, there is no clear consensus regarding throm-
boprophylaxis in ambulatory settings, since most of the available data regarding the
efficiency and safety of anticoagulant agents originate from studies evaluating the treat-
ment, instead of the prophylaxis of VTE. Direct oral anticoagulants exhibited an acceptable
safety profile compared to the standard low-molecular-weight heparin and may be con-
sidered in stable patients with lymphoma. Due to the existing evidence gaps, a tailored
approach, which takes into account the histological type of lymphoma (especially PCNSL
and DLBCL), previous history of VTE, performance status, age, the use of CVCs, and
associated risks, for example thrombocytopenia, is required in order to guide the decision
of ambulatory thromboprophylaxis.

5. Conclusions

VTE is a frequent and serious complication in patients with lymphoma. Although
robust predictors for VTE risk stratification were defined (ECOG performance status,
VTE history, histological subtype), the substantial risk of bias in most of the studies, the
retrospective and heterogeneous nature of data, the unclear handling of confounders, and
lack of external validation make the evidence regarding an appropriate VTE prediction tool
insufficient. Larger, multicentric studies with external validation cohorts are required in
order to design VTE RAMs for patients with lymphoma.
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Abbreviations

The following abbreviations are used in this manuscript:

AMI

ANC
ATIIT
AUC

BEACOPP

BMI

BMT

CAR

CcvC

CEA

CI
CLL/SLL
CTCAE
DLBCL/LBCL
DVT
ECOG

EPV
ESAs/G-CSFs
FL

GvHD

HL
HR/SHR/aHR
IL

INHL

IPI

LASSO
LDH

MCL

MPV

N/A

NET

NHL
NK/TCL
NPV
OR/aOR
PCNSL

PE

PICC
PMBCL
PPV
PRISMA
PROBAST
PROSPERO
RAM
TCL/PTCL
TF

ThroLy
TNF-x
VTE

WBC

acute myocardial infarction

absolute neutrophil count

antithrombin IIT

area under the curve

bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine,
procarbazine, prednisone

body mass index

bone marrow transplant

chimeric antigen receptor

central venous catheter

carcinoembryonic antigen

confidence interval

chronic lymphocytic leukemia/small lymphocytic lymphoma
Common Terminology Criteria for Adverse Events

diffuse large B-cell lymphoma/large B-cell lymphoma

deep vein thrombosis

Eastern Cooperative Oncology Group Performance Status
events per variable

erythropoiesis stimulating agents/granulocyte colony-stimulating factors
follicular lymphoma

graft versus host disease

Hodgkin lymphoma

hazard ratio/subdistribution hazard ratio/adjusted hazard ratio
interleukin

indolent non-Hodgkin lymphoma

International Prognostic Index

Least Absolute Shrinkage and Selection Operator

lactate dehydrogenase

mantle cell lymphoma

mean platelet volume

not applicable

neutrophil extracellular trap

non-Hodgkin lymphoma

natural killer / T-cell lymphoma

negative predictive value

odds ratio/adjusted odds ratio

primary central nervous system lymphoma

pulmonary embolism

peripherally inserted central catheter

primary mediastinal B-cell lymphoma

positive predictive value

Preferred Reporting Items for Systematic Reviews and Meta-analysis
Prediction model Risk of Bias Assessment Tool

International Prospective Register for Systematic Reviews and Meta-analysis
risk assessment model

T-cell lymphoma/peripheral T-cell lymphoma

tissue factor

Thrombosis Lymphoma predictive score

tumor necrosis factor-oc

venous thromboembolism

white blood cells
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