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Introduction
Venous thromboembolic events (VTE), which 
comprise deep vein thrombosis and pulmonary 
embolism, are a frequent complication in patients 
with cancer, and are associated with increased 
morbidity and mortality.1 Among the VTE assess-
ment models, the Khorana risk score, developed 
by Khorana, is the best-validated model with 
which to stratify VTE risk in ambulatory patients 
with cancer.2 The Khorana score (KS) predicts 
thrombosis risk based on a collection of simple 

variables, including type of cancer, body mass 
index (BMI), and complete blood count (platelet, 
leukocyte, hemoglobin). Cancer patients with a 
KS of 3 or greater are at high risk for developing 
blood clots. However, KS applies to ambulatory 
cancer patients with metastatic disease and was 
never validated in an adjuvant setting.

Among solid tumors, colorectal cancer (CRC) is 
associated with lower risk (fourfold lower) com-
pared with stomach and pancreatic cancers.2 Little 
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Background: The risk of venous thromboembolic events (VTE) during adjuvant chemotherapy for 
colorectal cancer (CRC) is unknown. We aim to evaluate if the Khorana score (KS) can predict this 
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the high-risk KS group. Rates of VTE were similar in the low- and intermediate-risk groups 
(4.8% versus 6.4%). KS did not represent an independent predictive factor for VTE occurrence. 
Chemotherapy duration was not associated with VTE risk. In addition, KS was not prognostic 
for OS in multivariate analysis (HR: 0.92, 95% CI, 0.63–1.36; p = 0.6835).
Conclusions: The use of the KS did not predict VTEs in a low–moderate thromboembolic risk 
population as CRC. These data did not support the use of KS to predict VTE during adjuvant 
chemotherapy, and suggest that other risk assessment models should be researched.

Keywords:  adjuvant chemotherapy, colorectal cancer, Khorana score, thrombosis

Received: 12 January 2019; revised manuscript accepted: 9 December 2019.

Correspondence to:	  
Fausto Petrelli  
Oncology Unit, Medical 
Science Department, ASST 
Bergamo Ovest, Piazzale 
Ospedale 1, Treviglio (BG), 
24047, Italy 
faupe@libero.it

Sandro Barni  
Oncology Unit, Medical 
Science Department, ASST 
Bergamo Ovest, Treviglio 
(BG), Italy

Gerardo Rosati  
Medical Oncology Unit, 
Ospedale San Carlo, 
Potenza, Italy

Sara Lonardi  
Medical Oncology Unit 1, 
Istituto Oncologico Veneto-
IRCCS, Padova, Italy

Nicoletta Pella  
Medical Oncology Unit, 
Azienda Ospedaliero 
Universitaria Santa Maria 
della Misericordia, Udine, 
Italy

Maria Banzi  
Medical Oncology Unit, 
Arcispedale Santa Maria 
Nuova-IRCCS, Reggio 
Emilia, Italy

Maria G. Zampino  
Gastrointestinal Medical 
Oncology Unit and 
Neuroendocrine Tumors, 
Istituto Europeo di 
Oncologia-IRCCS, Milano, 
Italy

Katia F. Dotti  
Medical Oncology Unit, 
Fondazione Istituto 
Nazionale Tumori-IRCCS, 
Milano, Italy

Lorenza Rimassa  
Medical Oncology 
and Hematology Unit, 
Humanitas Cancer Center, 
Humanitas Clinical and 
Research Center, Rozzano 
(MI), Italy

Paolo Marchetti  
Medical Oncology Unit, 
Sant’Andrea Hospital, 
Sapienza University of 
Rome and IDI-IRCCS, 
Roma, Italy

Evaristo Maiello  
Medical Oncology Unit, 
Hospital Casa Sollievo 
della Sofferenza-IRCCS, 
San Giovanni Rotondo, 
Italy

899850 TAM0010.1177/1758835919899850Therapeutic Advances in Medical OncologyS Barni, G Rosati
research-article20202020

Original Research

https://journals.sagepub.com/home/tam
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1758835919899850&domain=pdf&date_stamp=2020-01-20


Therapeutic Advances in Medical Oncology 12

2	 journals.sagepub.com/home/tam

is known about the risk of VTEs and prognostic 
classification in early (stages I–III) CRC. In a retro-
spective series of gastrointestinal cancers, the inci-
dence of VTEs among 1299 CRC patients was 
8.9% (115 cases). The 25% (29 cases) of VTEs 
occurred in patients with localized disease, with a 
median time to occurrence of 7.1 months, and with 
94% of VTEs developing in patients with a low or 
intermediate Khorana risk score.3 In a prospective 
study by Mandala and colleagues,4 the rate of VTE 
across 122 colon cancer patients receiving adjuvant 
fluorouracil was 7.4%, with a basal prechemother-
apy platelet count and a previous episode of VTE 
that were independently associated with the risk of 
VTE during adjuvant chemotherapy.

VTE is associated with significant resource utiliza-
tion and increased healthcare costs in ambulatory 
cancer patients. In particular, in the postoperative 
setting, where adjuvant chemotherapy is poten-
tially curative, the selection of high-risk patients 
with the aim of preventing vascular events and pos-
sibly reducing mortality is of relevant importance. 
A complementary study to the TOSCA trial was 
planned to investigate the discriminatory power of 
Khorana score in terms of occurrence of VTE, 
time to VTE, and overall survival (OS).5

Material and methods

Study design and data extraction
Patients included in the present post hoc analysis are 
a subgroup of those enrolled in TOSCA trial. 
Participation was not mandatory, but at the discre-
tion of each center. Inclusion of patients followed 
this approach: all centers that enrolled at least 10 
patients in the TOSCA trial were given the oppor-
tunity to participate in this study. To avoid selection 
bias, the centers that decided to participate were 
asked to include at least 10 consecutive patients.

Data on baseline information (cancer stage and his-
topathology, age, gender, current medications, 
recent surgery, Eastern Cooperative Oncology 
Group performance status (ECOG-PS), chemo-
therapy regimen) were collected prospectively dur-
ing the main study. Data on BMI, number of 
leucocytes, platelets, and hemoglobin were recorded 
retrospectively, and the KS was calculated accord-
ingly. Both asymptomatic and symptomatic VTE 
were recorded. Symptomatic thrombosis forms 
were checked with standard diagnostic methods. 
The medical charts and radiological history of all 
patients were checked for ultrasonography of the 

limbs, chest, and abdominal computed tomography 
scan, and perfusion/ventilation lung scan. VTEs 
were diagnosed by the treating clinician on the basis 
of clinical suspicion, using the usual diagnostic pro-
cedures or with the per protocol radiologic exami-
nations, and were treated as for standard of care. 
Approval was obtained from local ethics committee 
for each participating site. The TOSCA trial fol-
lowed the guiding principles of the Declaration of 
Helsinki and the Good Clinical Practice Guidelines 
of the International Conference on Harmonization, 
and all patients provided written informed consent.

TOSCA trial overview
Briefly, the TOSCA study is a phase III, rand-
omized, open-label, non-inferiority, multicenter 
trial conducted in 130 Italian centers and involving 
patients with resected colon cancer located >12 cm 
from the anal verge by endoscopy, or above the peri-
toneal reflection at surgery. After stratification by 
center and stage (high-risk stage II versus stage III), 
patients between 3 and 10 weeks from surgery were 
assigned randomly in a 1:1 ratio to receive 3 months 
of FOLFOX-4/XELOX (experimental group) or 
6 months of FOLFOX-4/XELOX (control group). 
The primary end point was relapse-free survival 
(RFS), defined as the time from the date of rand-
omization up to the date of the first relapse or death 
from any cause. At the primary analysis,5 the trial 
failed to formally show non-inferiority of 3 versus 
6 months of treatment to the predefined margin of 
20% relative increase. However, in the low risk pop-
ulation (pN1 disease), the 3 months was similar to 
the 6-months duration in term of RFS.

Statistical analysis
Continuous variable summaries included mean 
and standard deviation (SD), median and first 
(Q1), third (Q3) quartile and range, whereas, for 
categorical variables, the frequency and percentage 
of subjects who were in the particular group were 
used; the denominator for the percentage calcula-
tion was based on the total number of subjects in 
the relevant analysis group. Chi-square test (or 
Fisher exact test, as appropriate) and t test were 
used to compare categorical and continuous vari-
able, respectively. The proportion of patients who 
experienced a VTE were provided for each KS risk 
group. Since the TOSCA trial randomized patients 
to two regimen durations, the proportion of events 
was calculated also for each TOSCA arm, and the 
proportion of patients with a VTE in the first 
3 months of treatment were extracted.
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To test the associations between the risk of VTE 
and the KS, treatment duration, and clinical char-
acteristics on outcomes and logistic regression 
models were used. The results are expressed as 
odds ratio (OR) with its 95% confidence interval 
(95% CI). Finally, the sensitivity, sensibility, posi-
tive and negative predictive value, and accuracy of 
the KS were calculated and provided. Time to 
VTE was defined as the time from the date of ran-
domization to the date of the first VTE. Deaths 
without a previous occurrence of a VTE were con-
sidered as competing events. OS was defined as the 
time from the date of registration to the date of 
death from any cause. Subjects who were not 
reported as having died at the time of the analysis 
were censored at the date they were last known to 
be alive. Fine–Gray and Cox regression models 
were used to assess the effect of the KS, treatment 

duration, and demographic and clinical character-
istics on time to VTE and OS, respectively. The 
results are expressed as subdistribution hazard ratio 
(SHR) or hazard ratio (HR) with their 95% CI.

Analyses were performed using SAS 9.4 (SAS 
Institute, Cary, NC, USA) at the Istituto di 
Ricerche Farmacologiche Mario Negri IRCCS.

Results
Of the 3759 patients randomized in the TOSCA 
trial, 1713 were included in this complementary 
study, and 1383 were assessable for the analyses 
(Figure 1). Since only three patients were classi-
fied as high risk according to KS, they were 
excluded from analyses. Therefore, 1380 patients 
were included in this analysis.
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Figure 1.  Flowchart of included patients.
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Overall, 1053 (76.4%) and 327 (23.6%) patients 
were classified as low and intermediate risk, 
respectively. The two groups were well balanced 
for demographic and pathological features, except 
for sex, with more female patients in the low risk 
group (Tables 1 and 2). Almost all patients had an 

adenocarcinoma (99.1%), and most of them were 
stage III (65.5%); only 4.4% of patients had a PS 
ECOG of 1. In both groups, FOLFOX and 
XELOX were equally prescribed. Median follow 
up was similar (62 months) in the low- and inter-
mediate-risk groups. Overall, the characteristics of 

Table 1.  Demographic and clinical characteristics.

Low risk
n = 1053

Intermediate risk
n = 327

Overall
n = 1380

t test or Chi-square 
test p value

Age 0.2620

Mean (SD) 62.6 (9.9) 61.9 (9.7) 62.4 (9.8)  

Median (Q1–Q3) 63.9 (56.9–70.0) 63.3 (56.1–69.0) 63.6 (56.8–69.7)  

Min–Max 21.0–82.0 27.7–79.3 21.0–82.0  

Female sex, n (%) 455 (43.8) 193 (56.6) 648 (47.0) 0.0001

Performance status, n (%) 0.0438

0 1013 (96.2) 306 (93.6) 1319 (95.6)  

1 40 (3.8) 21 (6.4) 61 (4.4)  

Tumor site 0.6393

Single site 1014 (96.4) 316 (96.9) 1330 (96.5)  

Multiple site 38 (3.6) 10 (3.1) 48 (3.5)  

Missing 1 1 2  

Single site specification, n (%) 0.1717

Ascending colon 292 (28.8) 104 (32.9) 396 (29.8)  

Hepatic flexure 36 (3.6) 11 (3.5) 47 (3.5)  

Transverse colon 54 (5.3) 25 (7.9) 79 (5.9)  

Splenic flexure 35 (3.5) 12 (3.8) 47 (3.5)  

Descending colon 172 (17.0) 59 (18.7) 231 (17.4)  

Sigmoid colon 270 (26.7) 67 (21.2) 337 (25.4)  

Sigmoid-rectum colon 154 (15.2) 38 (12.0) 192 (14.4)  

Missing 40 11 51  

Tumor site, n (%) 0.1038

Right sides 383 (36.4) 140 (42.9) 523 (38.0)  

Left sides 625 (59.5) 175 (53.7) 800 (58.1)  

Multiple site 43 (4.1) 11 (3.4) 54 (3.9)  

Missing 2 1 3  

SD, standard deviation; Q1, first quartile; Q3, third quartile.
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Table 2.  Tumor characteristics.

Low risk
n = 1039

Intermediate risk
n = 341

Overall
n = 1380

t test or Chi-square 
test p value

Histology - n (%) 0.0991a

Adenocarcinoma 956 (92.1) 305 (89.4) 1261 (91.4)  

Mucoid adenocarcinoma 75 (7.2) 31 (9.1) 106 (7.7)  

Ring cell carcinoma 4 (0.4) 1 (0.3) 5 (0.4)  

Adenosquamous carcinoma 1 (0.1) 0 (0.0) 1 (0.1)  

Other 2 (0.2) 4 (1.2) 6 (0.4)  

Missing 1 0 1  

Histology categorization, n (%) 0.2009

Adenocarcinoma 956 (92.1) 305 (89.4) 1261 (91.4)  

Mucoid adenocarcinoma 75 (7.2) 31 (9.1) 106 (7.7)  

Other 7 (0.7) 5 (1.5) 12 (0.9)  

Missing 1 0 1  

T stage, n (%) 0.7043a

Tx 7 (0.7) 0 (0.0) 7 (0.5)  

T0 1 (0.1) 0 (0.0) 1 (0.1)  

T1 24 (2.3) 7 (2.1) 31 (2.3)  

T2a 52 (5.0) 18 (5.3) 70 (5.1)  

T2b 32 (3.1) 8 (2.4) 40 (2.9)  

T3 772 (74.7) 251 (73.8) 1023 (74.5)  

T4 145 (14.0) 56 (16.5) 201 (14.6)  

Missing 6 1 7  

N stage, n (%) 0.1868a

Nx 0 (0.0) 1 (0.3) 1 (0.1)  

N0 341 (33.0) 126 (37.1) 467 (34.0)  

N1 520 (50.4) 162 (47.6) 682 (49.7)  

N2 171 (16.6) 51 (15.0) 222 (16.2)  

Missing 7 1 8  

Clinical stage, n (%) 0.2181

II 349 (33.6) 127 (37.2) 476 (34.5)  

III 690 (66.4) 214 (62.8) 904 (65.5)  

(Continued)
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Low risk
n = 1039

Intermediate risk
n = 341

Overall
n = 1380

t test or Chi-square 
test p value

Clinical stage subgroups, n (%) 0.4101

II 349 (33.7) 127 (37.5) 476 (34.6)  

III low risk 474 (45.8) 143 (42.2) 617 (44.9)  

III high risk 213 (20.6) 69 (20.4) 282 (20.5)  

Missing 3 2 5  

Grade, n (%) 0.8757a

GX 5 (0.5) 1 (0.3) 6 (0.4)  

G1 69 (6.8) 23 (6.8) 92 (6.8)  

G2 636 (62.2) 202 (60.1) 838 (61.7)  

G3 312 (30.5) 110 (32.7) 422 (31.1)  

Missing 17 5 22  

Chemotherapy taken during the 
TOSCA trial, n (%)

0.9652

Folfox-4 (6 months) 289 (27.8) 93 (27.3) 382 (27.7)  

Xelox (24 weeks) 233 (22.4) 79 (23.2) 312 (22.6)  

Folfox-4 (3 months) 284 (27.3) 96 (28.2) 380 (27.5)  

Xelox (12 weeks) 233 (22.4) 73 (21.4) 306 (22.2)  

aFisher test p value.

Table 2.  (Continued)

included patients were similar to the whole 
TOSCA population.

Khorana score
The parameter used for calculation of the KS are 
summarized in Table 3. One point each was 
attributed to number of platelets >350,000/mm3, 
Hb level <10 g/dL, leucocyte >11,000/mm3, 
BMI > 35 (0 points were provided to all patients 
for disease site according to KS definition).

VTE and KS prediction
A total of 50 (4.8%) and 22 (6.4%) patients expe-
rienced at least one VTE in the low and interme-
diate KS groups, respectively (Table 4). Out of 
72 total VTEs, 46 (63.8%) were symptomatic, 24 
(33.3%) were asymptomatic (for 4 events this 
information was unknown). No differences were 

observed in terms of proportion of patients with a 
VTE between TOSCA arms. Moreover, 29 
(40.8%) patients experienced a VTE in the first 
3 months of treatment.

Univariate and multivariable analyses of the risk of 
thromboembolic events are presented in Table 5. 
The intermediate risk according to KS was not dem-
onstrated to be associated with a higher risk of VTE 
[unadjusted OR (intermediate versus low risk): 1.35, 
95% CI 0.80–2.28; p = 0.2633] or with a shorter 
time to VTE [unadjusted SHR (intermediate versus 
low risk): 1.37, 95% CI 0.82–2.27; p = 0.2266].

The sensitivity and the specificity of the KS were 
29.2% and 76.6%, respectively. Moreover, the 
positive predictive value was equal to 6.4%, and 
the negative predictive value was equal to 95.2%; 
that is, 6.4% of patients at intermediate risk 
experienced a VTE, and 95.2% of patients at low 
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risk did not experienced a VTE. Overall, the 
accuracy of the score was 74.1%.

Survival and KS prognostic value
During the whole follow-up period, 115 (10.9%) 
and 34 (10.4%) patients died in the low- and 
intermediate-risk groups, respectively. Reasons 
for death are summarized in Table 5. The inter-
mediate risk according to KS was not demon-
strated to be associated to a shorter OS both at 
univariate [unadjusted HR (intermediate versus 
low risk): 0.97, 95% CI 0.66–1.42; p = 0.8672] 
and multivariable analysis (HR: 0.92, 95% CI 
0.63–1.36; p = 0.6835; Table 6).

At multivariable analysis, older age [HR (1 year 
increase): 1.04, 95% CI 1.02–1.06; p = 0.0002] 

and ECOG PS equal to 1 [HR (versus 0): 2.01, 
95% CI 1.13–3.60; p = 0.0181] shortened OS, 
whereas a beneficial impact of the left tumor side 
[HR (versus right side): 0.49, 95% CI 0.35–0.68; 
p < 0.0001] was detected. Finally, stage III (versus 
stage II) worsened OS at univariate analysis 
(unadjusted HR: 1.47, 95% CI 1.02–2.12; 
p = 0.0364). This association was not confirmed 
at multivariate analysis.

Discussion
Although the TOSCA trial was not able to con-
firm non-inferiority of shorter adjuvant chemo-
therapy duration, it established that relevant 
hematological and nonhematological toxicities 
were significantly less in the 3-month arm.6 In 
this retrospective, post hoc analysis of this phase 

Table 3.  Venous thromboembolic events.

Low risk
n = 1053

Intermediate risk
n = 327

Overall
n = 1380

Thromboembolic event, n (%)  

No: 1002 (95.2) 306 (93.6) 1308 (94.8)

3 months/12 weeks treatment duration 500 (49.9) 148 (48.4) 648 (49.5)

6 months/24 weeks treatment duration 502 (50.1) 158 (51.6) 660 (49.5)

Yes: 51 (4.8) 21 (6.4) 72 (5.2)

3 months/12 weeks treatment duration 28 (54.9) 10 (47.6) 38 (52.8)

6 months/24 weeks treatment duration 23 (45.1) 11 (52.4) 34 (47.2)

Number of thromboembolic events, n (%)  

One: 48 (94.1) 20 (95.2) 68 (94.4)

Asymptomatic 15 (32.6) 6 (31.6) 21 (32.3)

Symptomatic 31 (67.4) 13 (68.4) 44 (67.7)

Missing 2 1 3

Two: 3 (5.9) 1 (4.8) 4 (5.6)

Both asymptomatic 1 (33.3) 1 (100) 2 (50.0)

Both symptomatic 1 (33.3) 0 (0.0) 1 (25.0)

First: asymptomatic, second: symptomatic 1 (33.3) 0 (0.0) 1 (25.0)

Thromboembolic event occurred in the first 3 months 
of treatment, n (%)

22 (44.0) 7 (33.3) 29 (40.8)

Missing 1 0 1

In the intermediate group, 298 (87.5%) and 43 (12.5%) patients had a Khorana score equal to 1 and 2, respectively.
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III trial of adjuvant treatment in high-risk stage II 
and stage III CRC, we aimed to evaluate the 
thromboembolic risk and the OS predicted by the 
KS. The overall risk of VTEs was 5% across 1380 
patients with available data. Overall, only 0.2% of 
patients were at high risk according to the KS, so 
they were excluded from all the analyses. In this 
population, 4.8% and 6.4% of patients in the 
low- and intermediate-risk groups, respectively, 

developed a VTE. The events occurred in the first 
3 months of treatment in 40% of cases, but were 
not related to duration of chemotherapy. With 
the limitation of low number of events recorded, 
no variable was found to be associated with risk of 
VTEs (including KS, treatment duration, age, 
ECOG PS, sex, and stage), nor was the KS found 
to be associated with OS. Age, ECOG PS and 
tumor side were the only covariates associated 

Table 4.  Risk of thromboembolic event, univariate, and multivariate logistic models.

Univariate analysis Multivariate analysis

  OR 95% CI p value OR 95% CI p value

KS: intermediate risk (versus low risk) 1.35 (0.80–2.28) 0.2633 Multivariate analysis not 
performed

Treatment duration: 3 months/24 weeks 
(versus 6 months/12 weeks)

1.14 (0.71–1.83) 0.5931

Age (1 year increase) 1.01 (0.98–1.03) 0.6045

Female sex 0.71 (0.43–1.15) 0.1607

ECOG performance status 1 (versus 0) 0.94 (0.29–3.07) 0.9144

Clinical stage III (versus II) 0.77 (0.47–1.25) 0.2899

Tumor site (reference right) 0.1527

Left 0.62 (0.38–1.01) 0.0527

Both right and left sides 0.82 (0.24–2.76) 0.7489

95% CI, 95% confidence interval; ECOG, Eastern Cooperative Oncology Group; KS, Khorana score; OR, odds ratio.

Table 5.  Events.

Low risk
n = 1053

Intermediate risk
n = 327

Overall
n = 1380

Death, n (%) 115 (10.9) 34 (10.4) 149 (10.8)

Reason for death, n (%)  

Relapse 70 (60.9) 22 (64.7) 92 (61.7)

Second primary tumor 10 (8.7) 3 (8.8) 13 (8.7)

Other disease 9 (7.8) 4 (11.8) 13 (8.7)

Deterioration in clinical condition 3 (2.6) 0 (0.0) 3 (2.0)

SAE 1 (0.9) 0 (0.0) 1 (0.7)

Other 1 (0.9) 0 (0.0) 1 (0.7)

Unknown 21 (18.3) 5 (14.7) 26 (17.4)

SAE, serious adverse event.
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with OS. This analysis is, however, influenced by 
the low number of VTEs, and is potentially not 
conclusive in demonstrating association of the 
covariates with survival.

It is well known that cancer procedures, and, in 
particular, colorectal resection, increase throm-
boembolic risk.7 For this reason, extended post-
operative prophylaxis after elective surgery for 
cancer with low molecular weight heparin or fon-
daparinux (to be continued up to 5 weeks after 
surgery) is suggested. The risk is also associated 
with the start of chemotherapy in outpatients can-
cer subjects, with the risk being higher in upper 
gastrointestinal tumors and lung cancer and lower 
in colorectal cancer, where the rate of VTE is 
0.9%, according to Khorana and colleagues.8 
Prechemotherapy platelet count and hemoglobin 
other than use of white cell growth factors were 
significant predictors of VTEs. In another popu-
lation of elderly patients with stage III CRC,9 the 
risk was higher in older age (75–80 years) and in 
patients who received chemotherapy and had 
comorbidities evaluated according to the Charlson 
comorbidity index.

Overall, although the proportion of patients who 
experienced a VTE in our series was low, but not 
negligible, some lessons can be derived from 
these results. First, early stages of CRC 

represent a disease with a low–intermediate 
Khorana risk of VTE. Among the patients 
included in the current study, 76% and 24% 
were classified as being of low and intermediate 
risk according to the KS, the latter with a calcu-
lated KS equal to 1 in 87% of cases. Second, we 
cannot identify any predictive factor for VTEs, 
as the KS is not sufficiently accurate (74% of 
cases were well classified) to predict thrombo-
embolic events, nor adequately prognostic for 
survival due to lack of correlation of intermedi-
ate risk subgroup with VTEs and OS. Third, the 
reduced duration of adjuvant chemotherapy (3 
compared with 6 months) was not found to 
reduce the VTE risk. In this regard, chemothera-
pies used in the TOSCA trial (fluoropyrimidines 
and oxaliplatin) are not commonly associated 
with an increased risk of VTE compared with 
cisplatin or antiangiogenetic agents, and their 
role in significantly increasing the baseline risk is 
formally unknown but cannot be excluded.10,11 
It seems conceivable that VTEs occur as a con-
sequence of individual risk factors and underly-
ing neoplastic disease more than duration or 
type of treatment. Finally, no significant effect of 
the Khorana risk score on prognosis was found. 
The reason for this is likely to be the results of 
the nonmetastatic stage at diagnosis, and the 
relatively low Khorana risk of the population 
evaluated, where only 0.2% of patients scored 3 

Table 6.  Overall survival, univariate and multivariate Cox models.

Univariate analysis Multivariate analysis

  HR 95% CI p value HR 95% CI p value

KS: Intermediate risk (versus low risk) 0.97 (0.66–1.42) 0.8672 0.92 (0.63–1.36) 0.6835

Treatment duration: 
3 months/24 weeks (versus 
6 months/12 weeks)

1.08 (0.78–1.49) 0.6462  

Age (1 year increase) 1.05 (1.03–1.07) <0.0001 1.04 (1.02–1.06) 0.0002

Female sex 0.97 (0.70–1.33) 0.8310  

ECOG performance status 1 (versus 0) 2.39 (1.35–4.23) 0.0027 2.04 (1.14–3.64) 0.0163

Clinical stage III (versus II) 1.47 (1.02–2.12) 0.0364 1.44 (1.00–2.07) 0.0512

Tumor site (reference right) <0.0001 0.0001

Left 0.46 (0.33–0.64) <0.0001 0.49 (0.35–0.68) <0.0001

Both right and left sides 0.61 (0.25–1.50) 0.2776 0.53 (0.22–1.32) 0.1758

95% CI: 95% confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, Hazard ratio; KS, Khorana score.
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points before starting chemotherapy. The KS is 
thus, de facto, not suitable for patients in the 
adjuvant setting for the aforementioned postu-
lates. For all these reasons, we have potentially 
underestimated the VTE risk, and it could be 
higher in the unselected population treated in 
clinical practice. However, our data are very 
similar to the real-word analysis by Lyman and 
colleagues, where the incidence rate of VTE at 
12 months from the start of chemotherapy was 
6.1% in CRC.12

Other authors have attempted to evaluate the 
predictive and prognostic role of the Khorana 
risk score in clinical practice. Tafur and col-
leagues evaluated 7948 patients with VTEs and 
cancer (n = 1131 with CRC).13 In this large 
cohort of consecutive patients with active cancer 
and acute symptomatic VTE, similar to our 
cohort, 85% of VTEs occurred in low–interme-
diate Khorana risk scores in CRCs. Conversely, 
in a prospective cohort study of 4405 adult 
patients with solid tumors (n = 521 with CRC) 
or lymphoma initiating chemotherapy in US 
sites, Kuderer and colleagues found that an 
intermediate Khorana risk score was an inde-
pendent predictor of mortality (HR: 2.31, 95% 
CI 1.21–4.44) compared with a low-risk score.14 
Our data are also in accordance to the original 
validation of the score in which the positive pre-
dictive value for VTE was 7.1%.2 In Save-
ONCO,15 similarly, a 1608-patient primary 
prevention randomized study among patients 
with cancer, the Khorana risk score did not pre-
dict most of the VTEs, and most of the throm-
boembolic events (64%) occurred among 
patients with an intermediate risk. Recently a 
meta-analysis of risk prediction of KS in cancer 
patients (45 studies) found that, of the patients 
with VTE (in a 6-month period), 23.4% were 
classified as high risk.16 The latter authors con-
cluded that KS is able to select outpatients sub-
jects with cancer for prophylaxis, but most events 
occur in low–intermediate risk setting.

The role of thromboprophylaxis in ambulatory 
cancer patients is widely debated and suggested 
for high-risk patients. In the Cochrane systematic 
review and meta-analysis regarding this topic,17 
low-molecular-weight heparin was associated 
with a 46% lower incidence of symptomatic VTE, 
and reduced the incidence of symptomatic pul-
monary embolism by 41%, although the absolute 
differences were small, with no increase in the risk 
of major bleeding. In addition, this meta-analysis 

included mainly patients with locally advanced or 
metastatic cancer, and so the results may not be 
generalizable to patients in the initial stages, as in 
the case of the TOSCA trial. In this regard, data 
on thromboprophylaxis in adjuvant trials is lack-
ing and urgently awaited. On the contrary, the 
TOSCA trial, despite not adding a definitive nov-
elty to the current knowledge, confirms that there 
is no need for thromboprophylaxis in patients 
with CRC undergoing adjuvant chemotherapy, 
and with risk defined through KS. Riedl and col-
leagues previously confirmed that, in early CRC, 
the rate of VTE during adjuvant chemotherapy is 
2% at 1 year, and reaffirmed that primary throm-
boprophylaxis is unlikely to result in clinical 
benefit.18

Recently, the Prospective Comparison of Methods 
for thromboembolic risk assessment with clinical 
Perceptions and AwareneSS in real life patients–
Cancer Associated Thrombosis study developed a 
new risk model based on predictors including, 
among others, cardiovascular risk factors, history 
of VTEs, and central venous catheter.19 The clas-
sification split patients into low–intermediate- and 
high-risk groups, where the rate of thromboem-
bolic events was 1.7% and 13%, respectively,  
in the overall population, and the rate of VTEs  
in CRC patients (60% with localized–locally 
advanced disease) was 9%.

Our results have some limitations. First, this 
series represents a well-selected population 
enrolled in an adjuvant therapy phase III trial, 
with a nonmetastatic stage, young age (median 
63 years), excellent PS (95% classified as 0), no 
relevant comorbidities, and adequate hematologi-
cal parameters (hemoglobin and platelets), near 
to normal values. This is likely to be different 
from a real-world setting. Second, a low number 
of events were observed due to a low risk to expe-
rience a VTE. Moreover, only a quarter of patients 
were classified in the intermediate-risk group. 
Therefore, the statistical power could be flawed. 
The lack of a valid group of patients classified as 
high risk according to KS made the results of this 
analysis incomplete, and introduced the need for 
further analyses and discussions. Third, the risk 
of VTEs and mortality was not adjusted for other 
variables such as comorbidities or other baseline 
(clinical) risk factors.

In conclusion, in this subset of 1383 patients 
enrolled in the TOSCA trial, 1053, 327, and 3 
patients were classified as at low, intermediate, 
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and high risk of VTE, respectively; 4.8% of 
patients in the low risk group and 6.4% of 
patients in the intermediate risk group experi-
enced VTEs. Considering only the low and 
intermediate risk group, Khorana risk score was 
not found to independently predict the risk of 
thromboembolic events, and its accuracy was 
74%. Currently, no studies have explored the 
role of thromboprophylaxis in the adjuvant CRC 
setting; its role in clinical practice remains 
unclear and should be investigated intensively.
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