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Venous thromboembolism (VTE) is a frequent complication in 
cancer patients, affecting about 1% to 20% of patients annually 
dependent on tumor type.1 Universal thromboprophylaxis is not 
recommended,2,3 mainly due to the substantial number needed to 
treat and concerns about bleeding. Selection of high-risk patients for 
thromboprophylaxis has therefore been an area of active research 
over the past decade. Most risk assessment tools for cancer-asso-
ciated VTE rely on readily available clinical and laboratory risk fac-
tors,4,5 although coagulation biomarkers such as D-dimer,6 soluble 
P-selection,7 and markers for neutrophil extracellular traps8 appear 
to have independent additional predictive value.

A major limitation of traditional risk models is their static nature; 
in the setting of cancer, clinical and laboratory items are evaluated 
only once shortly after diagnosis or prior to initiating chemotherapy. 
Cancer patients at high risk can then be offered thromboprophy-
laxis for a limited duration or even indefinitely, while thrombopro-
phylaxis is not considered justified in low-risk patients. However, 
there are two main issues with such an approach. First, many vari-
ables included in risk scores may vary substantially over time. For 
example, blood counts and body mass index (as used in the Khorana 
score4) can change during follow-up because of cancer treatment, 
comorbidities, and cachexia. Second, static models do not capture 
the different circumstances and clinical events that may increase 
the short-term risk of VTE in cancer patients during the course of 
their disease, such as changes in chemotherapy regimen following 
disease progression, hospitalization because of infectious disease, or 
diagnostic or therapeutic procedures. Indeed, recent observations 
suggest that performance of risk scores for cancer-associated VTE 
decreases after the first weeks of follow-up.9 Risk models that are 

“dynamic” and constantly update risk estimates during follow-up 
hold promise to overcome this limitation.10

In this issue of the Journal of Thrombosis and Haemostasis, Posch 
and colleagues present an elegant study showing the potential ben-
efit of a dynamic assessment of D-dimer levels to predict cancer-as-
sociated VTE.11 In this prospective substudy of the landmark CATS 
cohort study, 167 patients with gastrointestinal, lung, or brain can-
cer were included and followed for 250 days for the occurrence of 
VTE. D-dimer levels were measured at baseline and for a maximum of 
six times during follow-up. By using a complex, state-of-the-art, and 
sometimes experimental competing-risk survival model, Posch and 
colleagues succeeded in analyzing the longitudinal D-dimer measure-
ments and risk of VTE in a joint fashion. Their main finding was that 
D-dimer levels increased by 0.47 µg/mL (34%) per month in patients 
who developed VTE during follow-up, while levels remained relatively 
stable in other patients (−0.06 µg/mL [−2.6%] per month). A doubling 
of D-dimer levels appeared to be associated with a 2.8-fold increased 
risk of VTE, independent of established clinical VTE risk factors.

It has to be noted that this unique study should foremost be 
considered a proof-of-concept study; replication is much welcomed 
and needed. The number of patients and events in the current ex-
ploratory study was low, which precluded detailed analyses in sub-
groups of cancer types. The impact of dynamic factors that are likely 
to influence both D-dimer levels and the risk of VTE, such as che-
motherapy, hospitalization, and invasive procedures, could not be 
studied. The high cumulative VTE incidence (12% at 250 days) in-
dicates that a high-risk group was studied that is not representative 
of the overall cancer population, in which the risk is generally lower. 
Whether the increase in D-dimer levels during follow-up reflected 
occult, undetected VTE or actually predicted new VTE is unknown; 
in the former situation, prophylactic therapy might not be effective 
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enough. From a practical perspective, more research is needed on 
the timing of serial D-dimer measurements and on the cut-offs that 
should lead to management decisions. The frontloading of VTE 
events raises the question whether D-dimer testing should be re-
peated more frequently shortly after diagnosis to identify high-risk 
patients. Conversely, one could speculate that decreases in D-dimer 
during follow-up may lead to stopping thromboprophylaxis that was 
started soon after cancer diagnosis.

Although the results of this study cannot yet be readily translated 
to clinical practice, the authors should be commended on their in-
novative and creative approach to model cancer-associated VTE, as 
they have done before.12 It would be interesting to explore whether 
a dynamic version of clinical risk scores with readily available items, 
such as the Khorana score, could improve prediction without the 
need for D-dimer testing. Yet, a major benefit of an actual predic-
tion model as presented by Posch and colleagues compared to a risk 
score is the possibility to estimate accurate risks rather than roughly 
grouping patients as “low” or “high risk.” Such risk personalization 
could help clinicians to counsel their patients for thromboprophy-
laxis while further individualizing preventative approaches. Studies 
like the one presented by Posch and colleagues are a small step in 
the right direction on the long and winding road towar precision 
medicine.

CONFLIC T OF INTERE S T
Nick van Es has received advisory board honoraria from Daiichi 
Sankyo, Bayer, and LEO Pharma that were transferred to his institute.

R E FE R E N C E S
	 1.	 Timp JF, Braekkan SK, Versteeg HH, Cannegieter SC. 

Epidemiology of cancer-associated venous thrombosis. Blood. 
2013;122:1712-1723.

	 2.	 Key NS, Khorana AA, Kuderer NM, et al. Venous thromboembolism 
prophylaxis and treatment in patients with cancer: ASCO clinical 
practice guideline update. J Clin Oncol. 2020;38(5):496-520.

	 3.	 Farge D, Frere C, Connors JM, et al. 2019 international clini-
cal practice guidelines for the treatment and prophylaxis of ve-
nous thromboembolism in patients with cancer. Lancet Oncol. 
2019;20:e566-e581.

	 4.	 Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW. 
Development and validation of a predictive model for chemothera-
py-associated thrombosis. Blood. 2008;111:4902-4907.

	 5.	 Gerotziafas GT, Taher A, Abdel-Razeq H, et al. A predictive score 
for thrombosis associated with breast, colorectal, lung, or ovarian 
cancer: the prospective COMPASS-cancer-associated thrombosis 
study. Oncologist. 2017;22(10):1222-1231.

	 6.	 Pabinger I, van Es N, Heinze G, et al. A clinical prediction model for 
cancer-associated venous thromboembolism: a development and 
validation study in two independent prospective cohorts. Lancet 
Haematol. 2018;5(7):e289-e298.

	 7.	 Ay C, Simanek R, Vormittag R, et al. High plasma levels of soluble 
P-selectin are predictive of venous thromboembolism in cancer 
patients: results from the Vienna Cancer and Thrombosis Study 
(CATS). Blood. 2008;112:2703-2708.

	 8.	 Mauracher L-M, Posch F, Martinod K, et al. Citrullinated histone 
H3, a biomarker of neutrophil extracellular trap formation, predicts 
the risk of venous thromboembolism in cancer patients. J Thromb 
Haemost. 2018;16:508-518.

	 9.	 Di Nisio M, van Es N, Rotunno L, et al. Long-term performance of 
risk scores for venous thromboembolism in ambulatory cancer pa-
tients. J Thromb Thrombolysis. 2019;48:125-133.

	10.	 Jenkins DA, Sperrin M, Martin GP, Peek N. Dynamic models to 
predict health outcomes: current status and methodological chal-
lenges. Diagnostic Progn Res. 2018;2:23.

	11.	 Posch F, Riedl J, Reitter E, et al. Dynamic assessment of ve-
nous thromboembolism risk in patients with cancer by longitu-
dinal D-Dimer analysis: A prospective study. J Thromb Haemost. 
2020;18:1348-1356.

	12.	 Posch F, Riedl J, Reitter E-M, et al. Hypercoagulabilty, venous 
thromboembolism, and death in patients with cancer. Thromb 
Haemost. 2016;115:817-826.


