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Abstract
AIM 
To characterise venous thromboembolism (VTE) in gastro
intestinal cancer and assess the clinical utility of risk 
stratification scoring. 

METHODS 
We performed a retrospective analysis using electronic 
patient records of 910 gastro-oesophageal (GO) cancer 
and 1299 colorectal cancer (CRC) patients referred to a 
tertiary cancer centre to identify the incidence of VTE, 
its relationship to chemotherapy and impact on survival. 
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VTE risk scores were calculated using the Khorana index. 
Patients were classified as low risk (0 points), intermediate 
risk (1 to 2 points) or high risk (3 points). Data was 
analysed to determine the sensitivity of the Khorana score 
to predict VTE. 

RESULTS 
The incidence of VTE was 8.9% for CRC patients and 9.7% 
for GO cancer patients. Pulmonary emboli (PE) were 
more common in advanced than in localised CRC (50% 
vs  21% of events respectively) and lower limb deep vein 
thrombosis (DVT) were more common in localised than 
in advanced CRC (62% vs  39% of events respectively). 
The median time to VTE from cancer diagnosis was 8.3 
mo for CRC patients compared to 6.7 mo in GO cancer. In 
localised CRC median time to VTE was 7.1 mo compared 
with 10.1 mo in advanced CRC. In contrast in GO cancer, 
the median time to VTE was 12.5 mo in localised disease 
and 6.8 mo in advanced disease. No survival difference 
was seen between patients with and without VTE in this 
cohort. The majority of patients with CRC in whom VTE 
was diagnosed had low or intermediate Khorana risk 
score (94% for localised and 97% in advanced CRC). In 
GO cancer, all patients scored either intermediate or high 
risk due to the primary site demonstrating a limitation of 
the risk assessment score in discriminating high and low 
risk patients with GO cancers. Additional risk factors were 
identified in this cohort including surgery, chemotherapy 
or hospital admission. Overall, 81% of patients with CRC 
and 77% of patients with GO cancer had one or more of 
these factors within 4 wk prior to diagnosis VTE. These 
should be factored into clinical risk assessment scores. 

CONCLUSION
The Khorana score has low sensitivity for thrombotic 
events in CRC and cannot discriminate low risk patients in 
high risk cancer sites such as GO cancer.

Key words: Thrombo-embolism; Deep venous thrombosis; 
Pulmonary embolism; Colorectal cancer; Oesophageal 
cancer; Gastro-oesophageal cancer

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Analysis of clinical outcomes in 2209 patients 
with gastrointestinal cancers demonstrated that the 
Khorana score to assess venous thromboembolism (VTE) 
risk may have inadequate sensitivity to be clinically useful 
beyond short term VTE risk.

Metcalf RL, Al-Hadithi E, Hopley N, Henry T, Hodgson C, 
McGurk A, Mansoor W, Hasan J. Characterisation and risk 
assessment of venous thromboembolism in gastrointestinal cancers. 
World J Gastrointest Oncol 2017; 9(9): 363-371  Available from: 
URL: http://www.wjgnet.com/1948-5204/full/v9/i9/363.htm  DOI: 
http://dx.doi.org/10.4251/wjgo.v9.i9.363

INTRODUCTION
Approximately 20% of cases of venous thromboembolism 
(VTE) occur in cancer patients[1]. The cumulative 2-year 
incidence rate of VTE in cancer patients is approximately 
1.6%[2], with an elevated risk with gastro-intestinal 
cancers[3].

In addition to the classical Virchow’s triad of venous 
stasis, thrombophilia and endothelial injury, increased 
incidence of VTE in cancer patients has been linked to 
platelet activation, direct factor X activation, decreased 
hepatic anticoagulant synthesis, reduced hepatic cle
arance of coagulation factors, and the development of 
antiphospholipid antibodies[4]. 

Symptomatic VTE has a detrimental effect on cancer 
survival, in addition to causing substantial morbidity[5,6]. 
To minimise the occurrence and clinical impact of VTE 
in patients with cancer, current guidelines recommend 
the prophylactic anticoagulation of patients during 
medical admissions and following surgery[7,8] which 
are recognised as periods of high risk of VTE[9,10].  How
ever, the majority of cancer patients receive their 
treatment in the outpatient setting, and VTE is still 
a frequent occurrence in this group[4]. Current ASCO 
and ESMO guidance[8,11] does not recommend routine 
anticoagulation in ambulatory patients, but that it 
may be considered in high risk patients. There is some 
debate, however, on how such high risk patients are 
identified. 

Clinical trials randomising ambulatory patients with 
cancer to receive placebo or prophylactic anticoagulation 
have shown inconsistent results[12-24]. Some have shown 
beneficial use of thromboprophylaxis in ambulatory 
cancer patients[12,13]. A meta-analysis[25] of 7622 patients 
found a reduction in the incidence of symptomatic VTE 
(RR = 0.56, 95%CI: 0.40-0.74) at the expense of an 
increased risk of minor bleeding (RR = 1.32, 95%CI: 
1.02-1.71). Overall, however, these studies have 
been unable to convincingly demonstrate significantly 
reduced rates of VTE. This may be related to the fact 
that these studies have included a large number of 
patients who have low VTE risk, and the benefit of 
anticoagulation has been weakened as a result. 

Two studies[20,26] have shown the use of higher doses 
of anticoagulation in high risk ambulatory pancreatic 
cancer patients. The FRAGEM trial[20] used therapeutic 
doses of dalteparin, whilst the CONKO-004[26] trial 
used half therapeutic doses of enoxaparin. They demo
nstrated significant reduction in VTE incidence (RR = 
0.145 and 0.12 respectively) with an increased bleeding 
risk and no overall effect on survival. 

A risk model has been developed to identify patients 
at higher risk of developing VTE based upon blood 
results (elevated leukocytes, elevated platelets, and 
reduced haemoglobin), elevated BMI and the primary 
cancer site[27]. This assessment categorises patients 
into groups with a VTE incidence of 6.7% for high 
risk, 2% for intermediate risk and 0.3% for low risk 
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patients over a median of 2.5 mo follow up, and the 
use of this risk assessment score has been advocated 
within ASCO and ESMO guidance[8,11] for clinical decision 
making in the anticoagulation of selected ambulatory 
outpatients receiving chemotherapy. The AVERT clinical 
trial (NCT02048865) is currently evaluating the benefit 
of thrombo-prophylaxis in ambulatory outpatients who 
have high and intermediate VTE risk scores.

There is also scope for further development of the 
Khorana scoring system as has been shown with the 
Vienna prediction score[28] which combines the Khorana 
score with additional lab parameters such as D-dimer; 
and the Protecht prediction score[29] which takes into 
consideration whether patients have been given chemo
therapy associated with additional VTE risk. 

In order to determine the applicability of the VTE 
risk score to the “real world setting”, we sought to 
characterise the incidence and risk factors for VTE 
in patients with gastrointestinal cancers treated at a 
tertiary cancer centre. In the colorectal cancer (CRC) 
population, we evaluated the sensitivity of a high VTE 
risk score to detect patients with VTE in their lifetime. 
Patients with gastro-oesophageal (GO) cancers were not 
included within this analysis as all GO cancer patients 
score as very high risk as this is classified as a high risk 
cancer site in the risk assessment tool[3].

Materials and Methods
The electronic patient records of 2209 patients [1299 
with colorectal cancer (CRC) and 910 with gastro-
oesophageal (GO) cancers] that were referred to The 
Christie NHS Foundation Trust between 2006 and 2012 
were screened as previously described[30] to identify 
patients diagnosed with VTE. Briefly, the electronic 
patient record was searched using the search text 
function for the terms “thromb”, “embol”, “DVT” (deep 
vein thrombosis) and “PE” (pulmonary embolism) 
recorded anywhere within the patient notes to identify 
patients with VTE (cases). Demographic and clinical data 
including details of previous chemotherapy, surgery, 
hospital admissions and patient survival was extracted 
from the records of patients with VTE for analysis. 
From the patients without VTE, a control cohort was 
generated matching by site and stage of disease and 
performance status. Survival data was collected on the 
matched cohort to evaluate the prognostic effect of VTE 
in these patients. A VTE risk score[27] was calculated for 
the patients with CRC diagnosed with VTE as previously 
reported. One point each was allocated for platelets 
> 350 × 109/L, haemoglobin < 10 g/dL, leukocytes 
> 11 × 109/L and body mass index > 35 kg/m2 and 
one point for a high risk cancer site (lung, lymphoma, 
gynaecologic, bladder, and testicular) and two points for 
a very high risk site (stomach and pancreas). Patients 
were classified as low risk (0 points), intermediate risk 
(1 to 2 points) or high risk (3 points). In view of the 
fact that GO cancers automatically score 2 points as a 
very high risk site, this risk score was only calculated for 

CRC patients in order to evaluate the sensitivity of this 
approach to identify patients at risk of VTE with a low 
risk primary site. 

Data was exported to Microsoft Excel and analysed 
using SPSS for Windows (Chicago, IL, United States). 
To evaluate for the impact of VTE on patient survival, a 
control cohort matched for primary site, stage of disease 
and performance status was identified in whom no VTE 
was diagnosed in the patient lifetime. This data was 
tested by univariate survival analysis using the Kaplan-
Meier method and log-rank test and P ≤ 0.05 was 
considered significant. Survival analysis was performed 
on all patients and separate analyses performed on 
patients with localised and advanced disease. Time 
to event analysis was performed using cumulative 
incidence plot and median time to thrombosis was cal
culated. Statistical review of the study was conducted 
by Clare Hodgson, department of biostatistics, the 
Christie NHS Foundation Trust. Clinical records were 
also reviewed to identify additional risk factors for VTE 
in this cohort in order to establish whether the Khorana 
score could be modified or used alongside the Khorana 
score to more accurately identify high risk patients. 

Results
Of the 2209 patients with GI cancers, VTE was diagnosed 
in 203 patients giving a cumulative incidence rate of 
9.2%. The incidence of VTE was 8.9% (115/1299) for 
CRC patients and 9.7% (88/822) for upper GI cancer 
patients. 

Table 1 shows the site of thromboses in patients 
with CRC. As a proportion of all events, pulmonary 
emboli (PE) were more common in advanced than in 
localised CRC (50% vs 21% of events respectively) 
and lower limb deep vein thrombosis (DVT) were 
more common in localised than in advanced CRC (62% 
vs 39% of events respectively). This difference was 
not seen in patients with GO cancers. In localised GO 

Table 1  Site of thromeboses in patients with gastrointestinal 
cancers n  (%)

Colorectal 
cancer

Gastro-oesophageal 
cancer

All
  Lower limb thrombosis 51 (44) 44 (50)
  Upper limb thrombosis 9 (8) 4 (4)
  Visceral thrombosis 6 (5) 2 (2)
  Pulmonary embolism 49 (43) 39 (44)
Localised 
  Lower limb thrombosis 18 (62) 19 (43)
  Upper limb thrombosis 1 (3) 2 (5)
  Visceral thrombosis 4 (14) 2 (4)
  Pulmonary embolism 6 (21) 21 (48)
Advanced
  Lower limb thrombosis 33 (39) 25 (56)
  Upper limb thrombosis 8 (9) 2 (4)
  Visceral thrombosis 2 (2) 0 (0)
  Pulmonary embolism 43 (50) 18 (40)

Metcalf RL et al . Thrombosis in gastrointestinal cancer
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cancers, DVT and PE made up 48% and 44% of VTE 
and in advanced GO cancers they made up 40% and 
51% of VTE respectively. This difference may in part be 
attributed to the increased patient survival in advanced 
CRC compared to GO cancer. Patients with longer sur
vival tend to have an increased number of CT scans to 
evaluate their disease and consequently may have a 
greater number of PEs detected as incidental findings on 
routine imaging. To evaluate this further, the proportion 
of VTE identified as incidental findings on routine clinical 
imaging was recorded. Consistent with this hypothesis, 
VTE were more frequently detected as incidental findings 
on diagnostic imaging in CRC, accounting for 40% of 
events, compared with 26% in GO cancer.

To determine the relationship between the time 
of cancer diagnosis and the occurrence of VTE, the 
cumulative incidence of VTE was plotted over time 
(Figure 1). For patients with CRC, the median time to 
VTE from cancer diagnosis was 8.3 mo for all patients. 
This compares with a median time to VTE for patients 
with GO cancers of 6.7 mo. Analysing patients with 
localised and advanced disease separately identified 
that for patients with localised CRC median time to VTE 
was 7.1 mo and in advanced CRC, median time to VTE 
was 10.1 mo. In contrast in GO cancer, the median time 
to VTE was 12.5 mo in localised disease and 6.8 mo 
in advanced disease, which may reflect the increased 
frequency of recurrent disease and the shorter time to 
progression following first line therapy seen in patients 

with GO cancers. 
Consistent with previous approaches[31] to evaluate 

for the impact of VTE on patient survival, a control 
cohort matched for primary site, stage of disease and 
performance status was identified in whom no VTE was 
diagnosed in the patient lifetime. Kaplan-Meier survival 
analyses of cases and controls are summarised in Figure 
2. For patients with CRC, median survival was 23.8 mo 
for cases and 24.7 mo for controls (p = 0.20) and for 
upper gastrointestinal cancer, median survival was 13.9 
mo for cases and 10.2 mo for controls (p = 0.59). Sub-
group analysis of the patients with localised disease for 
each cancer type showed that although there was no 
significant difference in median survival between cases 
and controls (40.3 mo vs 50.7 mo for CRC cases and 
controls, p = 0.41; and 16.9 and 17.0 mo for GO cancer 
cases and controls, p = 0.72), the curves began to 
separate after the median. A limitation of this approach 
is an inherent underestimation of the association bet
ween VTE and reduced survival. This plateau in the 
survival curves seen in the control cohorts in both CRC 
and GO cancer was not evident in the cases with VTE. 
This observation suggests that a subset of patients with 
long term survival is present in the control cohort which 
is not seen in the VTE cohort. 

The Khorana VTE risk score[27] identifies patients at 
higher short term risk of VTE and is being incorporated 
into clinical trials of prophylactic anticoagulation in the 
ambulatory out-patient setting. To evaluate the broader 
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Figure 1  Cumulative of venous thromboembolism plotted over time. VTE: Venous thromboembolism; CRC: Colorectal cancer; GO: Gastro-oesophageal.
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clinical utility of Khorana VTE risk score in patients 
without a “high risk” primary site, we determined the 
sensitivity of the risk score for predicting subsequent 
risk of VTE in CRC patients. The risk score was cal
culated in the patients with CRC in whom VTE had 
been diagnosed. Sufficient clinical data to complete this 
assessment were available for 72/115 (63%) patients. 
Using the cut-off score of > 2 points to classify patients 
as high risk for VTE, the sensitivity of the risk score was 
low for prediction of subsequent VTE. The majority of 
patients with CRC in whom VTE was diagnosed had low 
or intermediate Khorana risk score (94% for localised 
and 97% in advanced CRC). This finding demonstrates 
that although the Khorana risk score has been validated 
to identify patients at high short term risk of VTE whilst 
receiving chemotherapy, it fails to identify the majority 
of VTE which occur in patients with cancer beyond this 
short term window.

Clinical records were reviewed to identify additional 
risk factors of surgery, chemotherapy or hospital 
admission within 4 wk prior to the event for all patients 
identified to have VTE. Overall, 81% of patients with 
CRC and 77% of patients with GO cancer had one or 
more of these factors within 4 wk prior to the diagnosis 
of VTE. These characteristics, which are well described 
as risk factors for the occurrence of VTE, may be utilised 
alongside characteristics included in the Khorana risk 
score to identify patients at highest risk of developing 
VTE.

Discussion
This study has characterised VTE in patients with gastro
intestinal cancers treated at a tertiary cancer centre, 
reporting a cumulative incidence of VTE approaching 1 in 
10 in both CRC and GO cancer. The incidence of 9.7% we 
report in GO cancer is consistent with previous reports 
identifying a cumulative incidence of 9.4% in advanced 
disease[32]  and 12.5% to 13% in patients with localised 
disease undergoing dual modality treatment[6,33]. How
ever, the identification of VTE in 8.9% of patients with 
CRC is higher than previous reports. Retrospective 
analyses of cancer registry databases identified VTE 
incidence of 5.4% in CRC patients in England[34] and 3.1% 
in the Californian Cancer Registry, using data from the 
1990s[35]. However, the risk of VTE is higher for patients 
with Stage Ⅳ disease than Stages Ⅰ-Ⅲ disease (HR 
= 3.08, 95%CI: 1.95-4.84) and for patients receiving 
chemotherapy (HR = 1.39, 95%CI: 1.14-1.69)[34], both 
of which would be over-represented in the patients 
treated at the tertiary cancer centre included in the 
current study. In addition, VTE are becoming more 
common, and more recent United States cancer registry 
database studies found a VTE incidence of 10.6%[36] 
consistent with the current study.

All the studies described above report a higher 
incidence of VTE in GI cancers than the 2.2% incidence 
reported in the development and validation of the VTE 
risk assessment model[27]. This can be explained by the 

Survival of cases and controls localised CRC
100

  80

  60

  40

  20

    0

Pe
rc

en
ta

ge
 s

ur
vi

va
l

0          1           2          3          4           5           6
Time (yr)

Localised CRC cases

Localised CRC controls

Cases n  = 29 Median 40.3 mo
Control n  = 28 Median 50.64 mo
HR = 0.80 (0.3-1.3) P  = 0.41

Survival of cases and controls advanced CRC
100

  80

  60

  40

  20

    0

Pe
rc

en
ta

ge
 s

ur
vi

va
l

0         1        2        3        4        5         6        7        8
Time (yr)

Survival of cases and controls advanced UGI cancer
100

  80

  60

  40

  20

    0

Pe
rc

en
ta

ge
 s

ur
vi

va
l

0             1            2             3             4
Time (yr)

Figure 2  Kaplan-Meier survival analyses of cases and controls. CRC: Colorectal cancer; UGI: Upper gastrointestinal.
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short follow up (median follow up of 2.5 mo following 
initiation of chemotherapy) in the development of this 
model. The current study found that the median time to 
VTE was 8.3 mo for CRC and 6.7 mo for GO cancers.

Although no statistically significant difference in 
survival was seen in the VTE cohort compared with 
the control cohort, an intriguing difference was seen 
in the long term survivorship in patients with localised 
disease experiencing VTE. The survival curves separate 
beyond three years suggesting a sub-group of long 
term survivors in the control cohort and this was not 
seen in the VTE cases. This finding suggests that the 
occurrence of VTE in localised disease is a surrogate for 
occult micro-metastatic disease, as metastatic relapse 
is responsible for the majority of the cases of death 
from cancer. Previous studies of the prognostic impact 
of VTE in CRC have also found this selective effect in 
localised disease[35]. This hypothesis may also explain 
why an impact of VTE on survival is not seen in advanced 
disease.

This work has identified that as a proportion of all 
thrombotic events, PE are more frequent in advanced 
than in localised CRC however, representing 50% and 
21% of VTE respectively. In contrast, in GO cancer, 
PE comprises 44% and 51% of VTE in localised and 
advanced disease respectively. Although incidental PE 
were a more frequent occurrence in CRC than GO cancer 
in this series which may be due to the longer survival 
time in CRC and an increased number of CTC scans 
performed in the patient lifetime, another explanation for 
this finding may be that PE are a surrogate for aggressive 
tumour biology seen in localised GO cancer.

Although no statistically significant difference in 
survival was detected between cases and controls 
in this analysis, this may be influenced by a bias in 
selection of the control cohort. Within the control cohort, 
some of the patients would be predicted to have died 
of a non-VTE related cause with short follow up, who 
may have gone on to develop VTE if they had a longer 
survival time. Although this could be mitigated by 
including events which occurred within a short follow up 
period, for example 3 mo from diagnosis, this approach 
would miss a large proportion of all clinically meaningful 
VTE events. However, this study demonstrates that 
this approach would fail to capture most VTE events 
occurring. The consequences of this are two-fold. Firstly, 
the total number of events detected and analysed would 
be reduced, reducing both the utility of both descriptive 
and statistical analysis. Secondly, as the majority of 
VTE events would fall outside this follow up window, the 
clinical relevance of such an analysis would be reduced.

Retrospective data collection permits a larger number 
of events to be captured from cancer databases; 
however it is not without limitations. As VTE may occur 
after cancer diagnosis, patients with shorter survival 
are less likely to develop a VTE. This represents an 
inherent bias underestimating the association between 
VTE and worse prognosis. In the subjects who did not 
experience VTE, the time to event analysis can only 

include the patients who experienced a VTE, and this 
approach does not account for censored subjects who 
died without having an event. This limitation applies to 
all retrospective analyses of this nature, however, the 
current study is more powerful as it is able to identify a 
larger number of events and characterise those in more 
detail.

Another limitation of the approach to retrospective 
data collection undertaken in this study and other 
studies of this type is that we cannot guarantee that 
all thrombotic events were identified and the actual 
number may be underestimated. However, the app
roach to evaluation of both the clinical records and 
imaging assessments will mitigate this effect. However, 
the clinical heterogeneity between symptomatic and 
incidental VTE may impact on the relationship between 
VTE and survival. Future studies may require the use of 
an analytical strategy to account for this variation. 

A high Khorana risk score has been validated as a 
predictor of short term risk of VTE in patients receiving 
chemotherapy, and the sensitivity of the risk score, 
describing the probability of patients experiencing 
VTE being attributed a high risk score was reported as 
40%[27]. We sought to test the sensitivity of this model 
in a larger cohort of patients with CRC, finding that 
when looking at a patient’s lifetime risk of VTE, almost 
no patients who sustained VTE had a high risk score. 
This was performed in patients with CRC as opposed to 
GO cancer as the latter is considered a very high risk 
primary site which automatically scores 2 points on 
the Khorana risk score placing all patients in the upper 
intermediate risk category as a minimum. 

The observation that almost no patients with CRC 
who sustained a VTE in their lifetime were classified as 
high risk using the Khorana assessment is significant 
as the findings of clinical studies using this risk score 
to enrich for patients with a high risk of thrombosis 
occurring shortly after diagnosis will not be generally 
applicable to the majority of thrombotic events which 
neither occurs in high risk patients nor within a short 
follow up. The current study suggests that these other 
events in patients not classified as high risk make up 
the majority of thrombotic events in the real world 
setting. This study does not bring into question the 
validity of the Khorana risk score for the identification 
of patients at higher risk of developing VTE whilst 
receiving chemotherapy. However, it does question the 
applicability of this risk score alone to enrich for patients 
who may benefit from prophylactic anti-coagulation.

This study also highlights the difficulty of taking a 
score made for general application and using it in a 
particular patient group. The Khorana score was not 
developed to be applied to specific cancer sites but 
rather cancer patients as a whole. The fact that the 
Khorana score did not perform as well in colorectal 
cancer patients specifically suggests that further 
validation studies in site-specific cancer groups may be 
needed.

Upper limb thromboses have been included in our 
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results, something which differs from the original 
Khorana study. Although upper limb thromboses are 
strongly associated with indwelling catheters in general, 
the pro-thrombotic nature of cancer patients may be 
expected to make these events more frequent in this 
cohort of patients. Including these patients in the data 
analysis has allowed us to obtain a complete picture 
of the clinical burden of VTE in relation to cancer. 
Overall, the indwelling catheter-associated thromboses 
represent a small proportion of the overall events in 
this cohort. However, looking into the incidence of ind
welling-catheter associated thromboses in colorectal 
cancer patients as compared to the general population 
would present an interesting future study. 

Although the classification of patients as high risk 
failed to identify patients with VTE, the majority of 
VTE occurred in patients with established risk factors 
such as surgery, chemotherapy and hospitalisation 
within 4 wk prior to the event in this study. This finding 
suggests that an alternative approach to prophylactic 
anticoagulation is to study extended anticoagulation 
following these high risk periods. Studies have already 
begun looking to develop a modified risk score to 
increase the sensitivity of this approach and reduce the 
number needed to treat to prevent VTE. For example, 
data from the Protecht study[13], a prospective placebo 
controlled randomised trial evaluating anticoagulation 
with nadroparin in patients receiving chemotherapy 
was used to generate a modified risk score[29] which 
was more effective at identifying patients at high risk of 
VTE compared with the Khorana risk score. However, 
this approach has yet to be validated in a prospective 
cohort. 

Finally, the current clinical guidance[8,11] does not 
recommend the routine prophylactic anticoagulation 
of ambulatory cancer patients. In addition to efforts to 
optimise the risk stratification of patients with cancer 
using datasets such as those evaluated in the current 
study, developments of novel oral anticoagulant (NOAC) 
therapies may alter the risk to benefit ratio if these 
drugs have an improved therapeutic index and do not 
require daily sub-cutaneous administration.

In summary, we have shown that VTE affects up 
to 1 in 10 patients with GI cancers and the peak inci
dence is in the first 6 mo following diagnosis. The 
prognostic impact of VTE in CRC is more evident in patients 
with localised disease than with advanced disease, 
suggesting that VTE may be a surrogate for occult 
metastasis. Finally, we demonstrate that the VTE risk 
score may have inadequate sensitivity to be clinically 
useful for the majority of thrombotic events occurring 
in a patient’s lifetime. The findings of the current study 
warrant validation in a larger cohort, and this work is 
on-going. However, the implications of these findings 
are significant, as for studies enriching patients based 
upon VTE risk score to be applicable to clinical practice; 
the score requires a clinically meaningful sensitivity. If the 
majority of patients who experience VTE have low risk 
scores, and these events do not occur in the immediate 

few months following diagnosis, then most VTE events 
would remain unaffected by the strategy of treating 
high and intermediate risk patients being employed in 
the AVERT clinical trial. This study raises the possibility 
that risk stratification using the Khorana VTE risk score, 
whilst an appealing approach to the incorporation in 
clinical trial design, may not be applicable to reducing 
the lifetime burden of VTE risk in clinical practice. 
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