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Abstract

Gastric cancer is the fifth most common malignancy worldwide. Venous thromboembolism is an independent predictor
of death among patients with gastric cancer. We aimed to describe the factors associated with mortality, thrombosis
recurrence, and bleeding complications in patients with gastric cancer who develop venous thromboembolism. We
included 612 patients with gastric cancer and venous thromboembolism in the Registro Informatizado de la Enfermedad
TromboEmbodlica (RIETE) registry from 2001 to 2018. We used Cox proportional hazard ratios and a Fine-Gray model
to define factors associated with outcomes. The overall mortality at 6 months was 44.4%. Factors associated with
increased 6-month mortality included immobility (HR 1.8, 95% CI 1.3-2.4; p < 0.001), anemia (HR 1.4, 95% CI 1.1-1.8;
p < 0.02), and leukocytosis (HR 1.8, 95% Cl 1.4-2.3; p < 0.001). Recurrent thrombosis occurred in 6.5% of patients and
major bleeding complications in 8.5% of the cohort. Male sex was the main factor associated with thrombosis recurrence
(HR 2.1,95% CI 1.1-4.0; p < 0.02) and hemoglobin below 10 g/dL (HR 1.6, 95% CI 1.05-2.50; p = 0.03) the main factor
associated with bleeding. In conclusion, patients with gastric cancer who develop venous thrombosis have a very high

likelihood of death. Low hemoglobin in this population is associated with poor outcomes.
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Introduction

The relationship between cancer and venous thromboembo-
lism (VTE) was well described by Armand Trousseau, who
paradoxically died with his eponymous syndrome when he
developed gastric cancer.! In fact, 20% of all VTEs are
related to a malignancy.? Patients with cancer who develop

VTE have decreased survival compared to those without
VTE.? Gastric cancer has been identified as one of the most
prothrombotic tumor types and after accounting for preva-
lence, it may be responsible for a significant burden of
cancer-associated thrombosis (CAT).* VTE occurs in
approximately 13% of patients with gastric cancer and is an
independent predictor of death among those with gastric
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cancer.>7 Patients with gastric cancer face the highest, dis-
ability-adjusted life years lost and the occurrence of VTE in
these patients carries serious prognostic implications.310
Given that gastric cancer is the fifth most common type of
cancer worldwide, VTE in gastric cancer represents a seri-
ous epidemiological problem.!!

The management of cancer-associated VTE is challeng-
ing because the risks of recurrence and bleeding are signifi-
cantly higher in patients with cancer compared to patients
without cancer.!>!3 These competing risks are particularly
high in patients with gastric cancer when compared to other
solid tumors.® Gastric cancer confers an increased risk of
gastrointestinal bleeding, and when bleeding occurs, 30-day
mortality is greater than 40%.'*!5 Unfortunately, VTE
occurrence, recurrence or bleeding cannot be accurately
assessed with current assessment models. Hence, these
patients have been largely underrepresented and excluded
from major primary thromboprophylaxis and treatment
trials.16.17

To better assess the outcomes of VTE in patients with
gastric cancer, we utilized the Registro Informatizado de la
Enfermedad TromboEmbolica (RIETE) database. With
over 80,000 patients with VTE, this prospective database is
the largest thrombosis database worldwide, including over
12,000 patients with CAT.!81® Comparatively, RIETE has
captured more than three times the sum of patients with
cancer-associated thrombosis than all therapy randomized
controlled trials on cancer thrombosis to date.!”-20

The purpose of this study is to determine the risk of mor-
tality in patients with gastric cancer who develop VTE
using the RIETE database, as well as identify risk factors
contributing to VTE recurrence and bleeding events in gas-
tric cancer thrombosis.

Methods
Patient population

This study is an analysis of prospectively collected data
in the RIETE database from 209 hospitals in Europe,
America, and Asia (see Appendix in supplemental mate-
rial). RIETE includes consecutive patients with deep vein
thrombosis (DVT) or pulmonary embolism (PE) con-
firmed by objective tests (compression ultrasonography or
contrast venography for suspected DVT; pulmonary angi-
ography, ventilation-perfusion lung scan or helical com-
puted tomography scan for suspected PE) since March
2001. Its design, rationale, and methodology have been
reported elsewhere.?! Informed consent was obtained from
all participants in accordance with local ethics committee
requirements, such as Institutional Review Boards (IRBs).
Patients were managed according to the clinical practice of
each participating hospital (i.e. there was no standardiza-
tion of treatment). After VTE diagnosis, all patient out-
comes were followed up for at least 3 months.

Patients with biopsy-proven gastric cancer who were
receiving treatment or had metastatic disease at VTE diag-
nosis were included in the study. We excluded patients who
received the diagnosis of gastric cancer after the acute VTE
episode because they were at risk of not receiving the

standard CAT therapy and potentially biased the outcomes
of this study.?>>* Exclusion criteria also included current
enrollment in a therapeutic clinical trial with a blinded
therapy.

All procedures followed were in accordance with the
ethical standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1964 and later versions. Informed
consent to be included in the study, or the equivalent, was
obtained from all patients.

Measured variables

Characteristics of the index VTE episode and of patients
(demographics, comorbidities, additional risk factors for
VTE, concomitant medications, initial and long-term ther-
apy, and outcomes during anticoagulation) were recorded.
We abstracted other provoking factors such as surgery, pro-
longed immobilization, trauma, and pregnancy. VTE was
considered to be secondary to surgery if occurring within 2
months of the procedure and secondary to immobilization
if within 2 months of confinement to bed with bathroom
privileges for = 4 days. An increased shock index (SI)
(heart rate/systolic blood pressure) is a predictor of in-
hospital mortality in patients with acute PE.2> We defined
anemia as hemoglobin < 10 g/dL and leukocytosis as a
white blood cell count > 11 X 10%L. These cut-offs were
adopted given prior literature specific to cancer-associated
thrombosis.?027 Taller height has been associated with CAT
outcomes and was defined as the upper quartile of height
per sex.2® Other quantitative variables such as platelet
count, time from cancer diagnosis to VTE, and glomerular
filtration rate were categorized according to quartiles or by
pre-existing criteria as available.

Outcomes

Outcomes studied were all-cause mortality, VTE recur-
rence, and bleeding. Bleeding complications were classi-
fied as ‘major’ if they: (1) were overt and required a
transfusion of two units of blood or more; (2) were retrop-
eritoneal, spinal or intracranial; and (3) were fatal. We also
tested the performance of VTE-BLEED, a six-variable
bleeding prediction score for anticoagulated patients with
VTE.?%30 This score has been externally validated in a post-
hoc analysis of the randomized, double-blinded, double-
dummy Hokusai-VTE study comparing edoxaban versus
warfarin for the treatment of VTE.3? The variables include
active cancer, uncontrolled hypertension, anemia, history
of any major or non-major bleeding, age = 60 years, and
renal dysfunction.

Time zero was the date of diagnosis of VTE, and patients
were censored at 6 months, at the time of death or at the last
date for which outcome data were available.

Statistical analysis

Mortality analysis was done using Cox proportional hazard
ratios (HR) and corresponding 95% ClIs. Quantitative
variables with multiple categories were collapsed to
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dichotomous according to their strength of association with
the outcome in the univariate analysis. We used backward
modeling in the multivariate analysis for factors associated
with death. To account for the competing risk of very high
mortality in gastric cancer thrombosis, we applied the Fine—
Gray model for VTE recurrence and bleeding outcomes.3!32
Covariates were included in the multivariate modeling if the
univariate p-value was < 0.25. We present all data for total
follow-up and censored at 6 months. To estimate factors
associated with bleeding likelihood and VTE recurrence
likelihood, we utilized the Akaike Information Criterion
(AIC). This tool estimates the relative quality of multiple
statistical models for a given dataset. Despite its relative
size, we did not split the database into a derivation and vali-
dation cohort. Thus, AIC was instrumental in selecting an
exploratory model aiming to eliminate the least amount of
information while retaining the likelihood of eventual exter-
nal validation.33-38

Statistical analyses using Cox proportional HRs were
conducted with SPSS for Windows, version 20 (IBM Corp.,
Armonk, NY, USA). A p-value was considered statistically
significant when < 0.05. Statistical analyses using Fine—
Gray modeling was conducted using R, version 3.4.0
(R Foundation for Statistical Computing, Vienna, Austria).

Results

We included 612 patients with gastric cancer and acute
VTE (Table 1). These patients were mostly male (n = 362,
59.2%) with metastatic disease (n = 344, 57.7%), and had
a median age of 67.3 = 12.7 years. The median follow-up
time was 17 weeks (IQR 7-35 weeks), whereas the median
time from cancer diagnosis to VTE was 14 weeks (IQR
3-44 weeks). On admission to the hospital, many patients
had PE at the time of VTE diagnosis (n = 300, 49%). Most
of the patients had nonsurgical thrombosis (n = 534,
87.3%). Additional VTE risk factors were identified, such
as surgery (n = 78, 12.7%), immobility (n = 119, 19.4%),
and prior history of VTE (n = 73, 11.9%). Concomitant
surgery and immobility was identified in 2.1% (n = 13) of
patients. Bleeding risk factors identified included prior his-
tory of major bleeding (n = 41, 6.7%). Most of the patients
were treated with low molecular weight heparin (LMWH)
(n =470, 81.9%), vitamin K antagonists (n = 87, 15.2%),
or direct oral anticoagulants (n = 3, 0.5%). Inferior vena
cava filters were placed infrequently in the first week post-
diagnosis (n = 15, 2.5%). Only four (0.6%) patients had
both a VTE recurrence and a major bleeding event within 6
months of initial thrombosis.

Mortality

The overall mortality at 6 months was 44.4% (n = 272).
Most had metastatic disease at VTE diagnosis (n = 217,
79.8%), were treated with LMWH (rn = 243, 89.3%), and
were 65 = 13.6 years of age at VTE diagnosis. The most
common causes of death were cancer progression (n = 161,
59.6%), PE (n = 16, 5.9%), bleeding (n = 15, 5.6%), and
multiorgan failure (n = 10, 3.7%). A large proportion of
these patients had immobility or surgery preceding the VTE

Table I. Patients with gastric cancer and VTE.

Baseline characteristics n =612 (%)
Age, years (IQR) 67.3 (£ 12.7)
Male sex 362 (59.2)
BMI > 30 91 (14.9)
Concurrent medications
Antiplatelets 61 (10.6)
Corticosteroids 53(9.2)
Initial anticoagulation
Low molecular weight heparin 470 (81.9)
Unfractionated heparin 5(0.9)
Vitamin K antagonists 87 (15.2)
Novel oral anticoagulants 3 (0.5)
Fondaparinux 6 (1.0)
Others 3 (0.5)
VTE presentation and risk factors
PE on diagnosis 300 (49)
Shock index > | 70 (11.4)
Provoked thrombosis caused by:

Surgery 78 (12.7)

Immobility 119 (19.4)

Other provoked? 12 (2)
History of prior VTE 73 (11.9)
History of major bleeding 41 (6.7)
Known thrombophilia 7 (1.1)
Past medical history
History of bleeding 41 (6.7)
History of Gl bleeding 36 (5.9)
Metastatic gastric cancer 344 (57.7)
History of Ml 27 (4.4)
History of stroke 24 (3.9)
Hypertension 164 (26.8)
Hyperlipidemia on statin 57 (9.3)
Heart failure 33 (54)
COPD 57 (9.3)
Laboratory values on diagnosis®
Hemoglobin, g/dL I (= 2.1)
WBC, X 10%/L 10.1 (= 5.5)
Platelets, X 10%/L 266.8 (= 142)
Creatinine, mg/dL 1.03 (= 0.6)
6-month patient outcomes
Recurrent VTE 40 (6.5)
Any bleeding 79 (12.9)
Major bleeding 52 (8.5)
Death 272 (44.4)

Variables expressed as n (%) unless otherwise stated.

2‘Other provoked’ includes trauma and pregnancy.

bLaboratory values expressed as units (IQR).

BMI, body mass index; COPD, chronic obstructive pulmonary disease; Gl,
gastrointestinal; Ml, myocardial infarction; PE, pulmonary embolism;VTE,
venous thromboembolism; WBC, white blood cells.

(n = 88, 32.4%). Patients under 50 years of age (n = 37,
6.0%) mostly had metastatic disease (n = 30, 83.8%) and
died of cancer progression (n = 19, 51.4%), bleeding or PE
(n =5, 13.5%), infection (n = 2, 5.4%), multiorgan failure
(n = 2,5.4%), or other causes (n = 9, 24.3%)).

In the univariate analysis (Table 2), we measured an
increased likelihood of mortality in patients with SI > 1
(HR 1.7, 95% CI 1.2-2.3), metastatic disease (HR 4.2, 95%
CI 3.2-5.5), and prior VTE (HR 1.3, 95% CI 0.9-1.8).



Vascular Medicine 00(0)

Table 2. Univariate analysis for risk of mortality.

All follow-up  Censored at 6
months

Baseline characteristics
Age < 68 years 0.9 (0.7-1.1) 1.2 (0.5-2.6)
Male sex 1.0 (0.8-1.3) I.1 (0.6-2.1)
BMI > 30 0.7 (0.5-0.9) 0.6 (0.2-1.7)
Tall height? 0.8 (0.7-1.0) 0.9 (0.7-1.1)
Concurrent medications
Antiplatelet use 0.9 (0.7-1.4) 0.9 (0.3-2.7)
Corticosteroid use 0.9 (0.7-1.4) 1.7 (0.4-7.3)
VTE presentation and risk factors
PE on diagnosis 1.0 (0.8-1.3) 0.5 (0.2-0.9)
Shock index > | 1.7 (1.2-2.3) 0.6 (0.1-2.4)
Provoked thrombosis caused by:

Surgery 0.4 (0.2-0.6) 1.05 (0.5-2.4)

Immobility 1.7 (1.3-2.1) 0.8 (0.3-2.1)

Other provoked® 0.5 (0.2-1.5) 2.1 (0.5-8.9)
Prior VTE history 1.3 (0.9-1.8) 1.8 (0.5-5.7)
Known thrombophilia 3.6 (0.5-25.4) 0.6 (0.1-4.0)
Past medical history
Metastatic gastric cancer 4.2 (3.2-5.5) 1.9 (1.02-3.7)
Gastric cancer diagnosed > 1.2 (0.9-1.7) 1.3 (0.9-1.7)
| year prior to acute VTE
History of major bleeding 1.2 (0.8-1.9) 2.1 (0.8-5.5)
History of Gl bleeding 0.8 (0.5-1.3) 0.4 (0.2-1.03)
History of Ml 1.2 (0.7-2.0) 1.3 (0.3-5.4)
History of stroke 1.0 (0.6-1.8) 1.4 (0.3-5.9)
Hypertension 0.7 (0.6-0.9) 0.7 (0.3-1.5)
Hyperlipidemia on statin 0.8 (0.6-1.2) 1.3 (0.5-3.3)
Heart failure 0.9 (0.6—1.6) 0.9 (0.2-3.5)
COPD 1.1 (0.7-1.6) 0.3 (0.03-2.01)
Laboratory values on VTE diagnosis©
Hemoglobin < 10 g/dL 1.4 (1.0-1.7) 1.3 (0.7-2.5)
WBC > || X 10%/L 1.7 (1.4-2.1) 1.9 (1.0-3.5)
Platelet count > 350,000 0.8 (0.6—1.2) 1.9 (0.6-5.9)
Platelet count 0.8 (0.6—1.1) 1.7 (0.6-4.7)
150,000-350,000
Creatinine clearance < 30 0.8 (0.5-1.2) 2.8 (0.4-20.2)

mL/min

Variables expressed as HR (95% ClI).

aTall height defined as highest quartile of height per sex.

>Other provoked’ includes trauma and pregnancy.

Laboratory values expressed as units (IQR).

BMI, body mass index; COPD, chronic obstructive pulmonary disease;
Gl, gastrointestinal; HR, hazard ratio; MI, myocardial infarction; PE,
pulmonary embolism;VTE, venous thromboembolism; WBC, white
blood cells.

While PE on presentation was not categorically associated
with mortality, statin treatment was modestly related to sur-
vival (OR 0.6, 95% CI 0.3-1.02; p = 0.059). After multi-
variate analysis at 6 months (Table 3), death was higher with
immobility (HR 1.8, 95% CI 1.3-2.4; p < 0.001), anemia
(HR 1.4, 95% CI 1.1-1.8; p < 0.02), and leukocytosis (HR
1.8, 95% CI 1.4-2.3; p < 0.001), but not with surgery (HR
0.4, 95% CI 0.2-0.6; p < 0.001). In the multivariate analy-
sis for all-cause mortality throughout the follow-up beyond
6 months, immobility (HR 1.4, 95% CI 1.1-1.9; p < 0.02)
and leukocytosis (HR 1.6, 95% CI 1.3-2.1; p < 0.001)
remained as independent factors associated with mortality.

VTE recurrence

Recurrent thrombosis occurred in 6.5% (rn = 40) of patients;
the patients were 61 £ 13.6 years old, 22 (55.0%) were male,
and five (12.5%) died within 1 month after VTE recurrence.
Thrombosis recurrence included PE (n = 17, 2.8%), DVT
(n = 23, 3.8%), and simultancous DVT with PE (n = 1,
0.2%). Of these recurrences, 37.5% (n = 15) presented after
they had stopped anticoagulation and 28 (62.2%) patients
had metastatic disease at diagnosis. See Table 4 for univari-
ate analysis data on VTE recurrence. When censored at 6
months, VTE recurrence is associated with severity of the
initial presentation in patients with PE (i.e. SI > 1 (HR 3.5,
95% CI 1.7-7.3; p < 0.001)); whereas in all follow-up, male
sex was the main factor associated with VTE recurrence (HR
2.1,95% CI 1.1-4.0; p < 0.02); see Table 3.

Bleeding

Bleeding occurred in 12.9% (n = 79) of patients, with
major bleeding in 8.5% (n = 52) and clinically relevant
non-major bleeding in 4.4% (n = 27) patients.
Gastrointestinal bleeding was the cause in 84.6% (n = 44)
of major bleeding. Those with a major bleed were 67.2 *
13.7 years old, 30 (57.7%) were male, and 18 (34.6%) died
within 1 month of the major bleeding event. See Table 5 for
univariate analysis data on bleeding. Only anemia with a
hemoglobin below 10 g/dL remained as an independent
factor associated with bleeding at 6 months (HR 1.6, 95%
CI1.05-2.52; p = 0.03) and for total patient follow-up (HR
1.6, 95% CI 1.05-2.52; p = 0.03) (Table 3). Only 13% of
the patients with anemia had a recognized history of gastro-
intestinal bleed prior to VTE diagnosis. With a median
VTE-BLEED score of 5 (IQR 3.5-6.5) in our cohort, a
VTE-BLEED score > 5 did not predict any bleeding events
(OR 1.1, 95% CI 0.7-1.9; p < 0.05) or major bleeding
events (OR 1.1, 95% CI 0.6-2.2; p < 0.05). The receiver
operating characteristic analysis for VTE-BLEED was 0.49
(95% C10.42-0.56). The VTE-BLEED score for predicting
bleeding at the 3-month follow-up in our cohort had sensi-
tivity 25.8%, specificity 72%, positive predictive value
(PPV) 10%, and negative predictive value (NPV) 88.9%.

Discussion

Our results demonstrated a very high rate of mortality in
patients with gastric cancer and VTE. In our cohort, 44.4%
died within 6 months of thrombosis. This sobering mortality
rate is not unexpected: in 13,840 patients with gastric cancer
in the Surveillance, Epidemiology, and End Results (SEER)
registry, the median overall survival was only 4 months for
those with metastatic disease.’® Indeed, the majority of
patients in our cohort had metastatic disease at VTE diagno-
sis. In addition, our findings are in line with the evidence of
cancer-associated thrombosis as an independent factor asso-
ciated with increased risk of death in gastric cancer. Patients
with gastric cancer who develop VTE are nearly three times
more likely to die than those who do not develop cancer-
associated thrombosis.® Notably, most of the patients who
died had metastatic disease when the VTE occurred; thus,
cancer-associated thrombosis seems to be a late event in
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Table 3. Multivariate analyses for VTE recurrence, bleeding, and mortality.
Outcome Variable HR (95% ClI) p-value
VTE recurrence All follow-up
Gl bleeding history 0.4 (0.2-1.2) 1.200
PE on diagnosis 0.6 (0.3—-1.1) 0.080
Male sex 2.1 (1.1-4.0) 0.020
Shock index > | 0.3 (0.1-1.4) 0.100
Censored at 6 months
Hemoglobin < 10 g/dL 1.8 (0.9-3.5) 0.100
PE on diagnosis 2.0 (0.96-4.18) 0.070
Shock index > | 3.5(1.7-7.3) 0.001
Bleeding All follow-up
Hemoglobin < 10 g/dL 1.6 (1.05-2.50) 0.030
Surgery-associated thrombosis 0.5 (0.2-1.2) 0.100
Immobility-associated thrombosis 1.5 (0.9-2.4) 0.100
Censored at 6 months
Hemoglobin < 10 g/dL 1.6 (1.05-2.52) 0.030
Mortality All follow-up
Immobility 1.4 (1.1-1.9) 0.020
WBC > 11 X 10%/L 1.6 (1.3-2.1) 0.001
Censored at 6 months
Immobility 1.8 (1.3-2.4) < 0.001
WBC >11 X 10%/L 1.8 (1.4-2.3) < 0.001
Hemoglobin < 10 g/dL 1.4 (1.1-1.8) 0.020
Treatment with statin 0.6 (0.3-1.02) 0.059
Surgery 0.4 (0.2-0.6) < 0.001

Gl, gastrointestinal; PE, pulmonary embolism;VTE, venous thromboembolism;WBC, white blood cells.

gastric cancer. In contrast, a third of the patients had either
surgery or immobility preceding the VTE. This begets
improved targeted primary thromboprophylaxis; in the
randomized, controlled, PROTECTOR trial, the use of pro-
phylactic LMWH postoperatively in 682 patients with gas-
tric cancer undergoing gastrectomy reduced the rates of
postoperative VTE from 3.6% to 0.6%.0 Indeed, the cur-
rent guidelines are in favor of extended thromboprophy-
laxis for cancer-associated abdominal surgery.”#! However,
only 19.4% of the patients were postsurgical thrombosis
in our cohort. Thus, post-hospitalization prophylaxis and
outpatient thromboprophylaxis during chemotherapy still
need to be better explored. The status of cancer-associated
thrombosis prediction is encouraging, but not yet success-
ful for gastric cancer.4>44

Immobilization, including nonsurgical and hospitaliza-
tion-associated, was found to be a factor associated with
mortality. Indeed, immobilization due to the malignancy or
its treatment has been identified as a factor associated with
mortality in other cancers.?’#34 With the advent of the
results of the APEX trial, in which betrixaban was effective
in reducing the VTE likelihood after hospitalization, it is
plausible that patients with gastric cancer also would benefit
from extended post-hospitalization thromboprophylaxis.4
Notably, immobility is not accounted for in the cancer-spe-
cific VTE prediction scores and few patients with cancer
were recruited in the APEX trial.

Given the underscored limitations in VTE prediction
among patients with gastric cancer, predicting the probabil-
ity of bleeding becomes an important point of clinical rele-
vance. In our cohort, death was more likely after bleeding

than after VTE recurrence. This emphasizes the need for a
bleeding prediction tool in gastric cancer-related thrombo-
sis. We looked into VTE-BLEED as a tool to stratify bleed-
ing risk in patients with gastric cancer-related thrombosis.
The score was not developed specifically for a cancer demo-
graphic; thus it did not perform well in our study. The single
variable that clearly predicted bleeding events in patients
with gastric cancer thrombosis was anemia. A recent analy-
sis of the RIETE database demonstrated that anemia is a risk
factor for bleeding in cancer-associated thrombosis.!® In this
recent analysis of over 12,000 patients with cancer-associ-
ated thrombosis, those with anemia had significantly higher
rates of major and fatal bleeding compared to those without.
The risk of bleeding in patients with gastric cancer and
thrombosis is higher than for other malignancies. This
underscores the need for awareness of anemia as a morbid-
ity predictor when considering therapeutic and prophylactic
options in patients with gastric cancer.

The prediction of VTE recurrence in patients with cancer
remains elusive. For instance, the Ottawa score is a clinical
prediction tool recently developed to predict recurrent
VTE in patients with cancer. Multiple attempts by different
groups to externally validate this score were unsuccess-
ful.#849 Indeed, our findings should be hypothesis-generating
only, but an indicator of clinical severity in the presentation
was promising. A SI = 1 has been well validated in PE as an
independent predictor of 30-day mortality in acute PE.** A
high SI was associated with VTE recurrence; this finding
may represent the deconditioned status and poor compen-
satory mechanisms of the patient with gastric cancer in
response to thrombosis. Sex was a factor associated with
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Table 4. Recurrent VTE with death as competing risk using
Fine—Gray modeling: Univariate analysis censored at 6 months.

Table 5. Bleeding with death as competing risk using Fine—
Gray modeling: Univariate analysis censored at 6 months.

Variable HR (95% Cl) Variable HR (95% Cl)
Baseline characteristics Baseline characteristics
Age < 68 years 0.4 (0.2-0.9) Age < 68 years 1.4 (0.9-2.2)
Male sex I.1(0.6-2.1) Male sex 0.9 (0.6-1.4)
BMI > 30 0.7 (0.2-2.1) BMI > 30 1.4 (0.8-2.5)
Tall height 1.4 (0.7-2.6) Tall height 0.6 (0.4-1.1)
Concurrent medications Concurrent medications
Antiplatelet use 0.9 (0.3-2.7)  Antiplatelet use 0.9 (0.5-1.8)
Corticosteroid use [.7(0.4-7.1)  Corticosteroid use 0.7 (0.3-1.3)
VTE presentation and risk factors VTE presentation and risk factors
PE on diagnosis 0.5(0.2-0.9)  PE on diagnosis 1.5 (0.9-2.3)
Shock index > | 0.4 (0.1-1.8)  Shock index > | 0.8 (0.4-1.7)
Provoked thrombosis 1.2 (0.6-2.3)  Provoked thrombosis 1.1 (0.7-1.7)
Surgery-associated thrombosis 1.5(0.7-3.3)  Surgery-associated thrombosis 0.4 (0.2-1.1)
Immobility-associated thrombosis 0.6 (0.2-1.5) Immobility-associated thrombosis 1.5 (0.9-2.5)
Prior VTE history 1.7(0.5-54) " Prior VTE history 0.8 (0.4-1.5)
Known thrombophilia 0.3 (0.03-2.5)  Known thrombophilia 0.7 (0.1-5.6)
Past medical history Past medical history
Metastatic gastric cancer 1.02 (0.5-1.9) Metastatic gastric cancer 1.4 (0.9-2.2)
Gastric cancer diagnosed > | year prior 1.1(05-2.3)  Gastric cancer diagnosed > | year prior 1.3 (0.7-2.3)
to acute VTE to acute VTE
History of Gl bleeding 0.4 (0.2-1.1) History of Gl bleeding 0.6 (0.3-1.1)
History of MI 1.2(03-53)  history of MI 0.6 (0.1-2.2)
History of stroke 1.4(03-57)  History of stroke 0.9 (0.3-2.9)
Hypertension 0.8 (0.4-1.7) Hypertension 1.4 (0.9-2.3)
HyperIiRidemia on statin 1.5 (0.6-3.8) Hyperlipidemia on statin 1.2 (0.6-2.5)
Heart failure 0.9 (0.2-3.8) Heart failure 1.7 (0.8-3.8)
COPD . i 0.3 (0.03-1.9) COPD 1.4 (0.7-2.8)
Laborato.ry values on VTE diagnosis' Laboratory values on VTE diagnosis®
Hemoglobin < 10 g/dL I.1 (0.6-2.2) Hemoglobin < 10 g/dL 16 (1.1-2.6)
WBC > || X [10%/L 1.4 (0.8-2.7) 9L 11 (0.7-1.7)
Platelet count >350,000 1.2 (0.6-2.5) WBC = 11 x 10 PR
Creatinine clearance < 30 mL/min 3.05 (0.4-22.3) Platelet count < 150,000 09(06-1.2)
Creatinine clearance < 30 mL/min 0.7 (0.3-1.5)
Variables expressed as HR (95% Cl). VTE-BLEED score hlgh tertile 1.2 (06—25)

aTall height defined as highest quartile of height per sex.

bLaboratory values expressed as units (IQR).

BMI, body mass index; COPD, chronic obstructive pulmonary disease; Gl,
gastrointestinal; HR, hazard ratio; MI, myocardial infarction; PE, pulmonary
embolism;VTE, venous thromboembolism;WBC, white blood cells.

thrombosis recurrence in our cohort; indeed, male sex has
been found to be predictive of recurrence in the general pop-
ulation as well as in cancer-associated thrombosis.’!->2
However, continued research is necessary in this area of
cancer-associated thrombosis to help identify who may ben-
efit the most from extended anticoagulation despite the
bleeding risk. Finally, our results are concordant with the
recent validation of immobility and leukocytosis as major
predictors of 30-day mortality in cancer-associated throm-
bosis.>> Moreover, our data suggest that leukocytosis may
be a factor associated with mortality even longer than 30
days in gastric cancer-associated thrombosis. There was an
association between statins and lower 6-month mortality. In
non-small cell lung cancer, the use of statins is indepen-
dently associated with survival.>* Given the strong associa-
tion of lung and gastric cancer with tobacco and the
recognized association between cancer-associated thrombo-
sis and arterial events, the plausible biological mechanism
of'statins in cancer survival deserves to be further explored.>

Variables expressed as HR (95% ClI).

aTall height defined as highest quartile of height per sex.

bLaboratory values expressed as units (IQR).

BMI, body mass index; COPD, chronic obstructive pulmonary disease; Gl,
gastrointestinal; HR, hazard ratio; MI, myocardial infarction; PE, pulmonary
embolism;VTE, venous thromboembolism;WBC, white blood cells.

A limitation of our study is that while the database is pro-
spective, RIETE is an observational registry that does not
standardize treatments. Varied treatments by local institu-
tions and practitioners could lead to differing treatment
choices and in turn affect events such as bleeding. Similarly,
we were unable to control for the indication of anticoagula-
tion interruption that may have mediated both bleeding and
thrombosis likelihood. While the VTE-BLEED score takes
into account any history of bleeding, the RIETE database
only accounts for history of major bleeding within 1 month
prior to acute thrombosis. We were unable to find a strong
association between the platelet count and bleeding events.
This has been well described as a U-shaped association in
the RIETE database.>® Although those findings were not
specific to the gastric cancer population, it remains plausible
that the limited number of bleeds precluded definitive obser-
vations to many of the variables. Additionally, the database
did not include histologic classification of gastric cancer,
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location of bleeding or if any therapies were attempted to
manage bleeding events. Known prognostic factors such as
TNM (tumor, node, metastasis) stage, surgical curativity,
history of chemotherapy, histological type, and depth of
invasion were not collected in this database and thus we
could not incorporate them as confounders into our survival
analysis. Finally, patients were not mandated to undergo
autopsy; in patients in the final stages of malignancy, any
efforts to perform diagnostic procedures to be sure about the
cause of death are often dismissed. Given the considerable
number of deaths in our cohort, it remains plausible that
many were secondary to a massive thrombosis and not ana-
lyzed as such. Our analysis, nonetheless, stems from the
largest cohort of patients with cancer-associated thrombosis
and constitutes the most robust description of gastric cancer
thrombosis to date.

Conclusion

In conclusion, we set out to investigate the mortality impact
of venous thromboembolism in gastric cancer using the
RIETE database. Our results demonstrated a significantly
high 6-month mortality rate but call for caution with the
bleed risk associated with anemia.
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