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Abstract

Venous thromboembolism (VTE) is a preventable disease, yet it is one of the leading causes of
death among patients with cancer. Improving risk stratification mechanisms will allow us to
personalize thromboprophylaxis strategies. We sought to evaluate Collagen and Thrombin
Activated Platelets (COAT-platelets) as well as protein C and factor V11 as biomarkers predictive
of cancer-associated thrombosis in a prospective cohort of patients with cancer. Protein C was
selected as a candidate based on bioinformatics prediction. Blood samples were collected before
chemotherapy. All specimen processing was blinded to clinical data. Surveillance and adjudication
of the main outcome of VTE was performed for up to 1 year. We used Cox proportional hazard
regression to measure the association of biomarkers and incident events using SAS 9.2 for all
statistical analysis. Death was modeled as a competing event. Among 241 patients followed for an
average of 10.4 months, 15% died and 13% developed a VTE. COAT-platelets were not predictive
of VTE. Low levels of pre-chemotherapy protein C (< 118 %) (HR 2.5; 95%CI 1.1-5.5) and high
baseline factor VIII (> 261 % I) (HR 3.0; 95%CI 1.1-8.0) were predictive of VTE after adjusting
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for age, Khorana prediction risk, metastatic disease and D dimer. In addition, low protein C was
predictive of overall mortality independent of age, metastatic disease and functional status (HR
2.8; 95%Cl 1.3-6.0). Addition of these biomarkers to Cancer-VTE risk prediction models may
add to risk stratification and patient selection to optimize thrombo-prophylaxis.
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Introduction

One of the most important causes of death among patients with cancer is a preventable
disease, venous thromboembolism (VTE) [1]. Thromboembolism is second only to cancer
progression as a cause of death of outpatients with active malignancies. VTE is 5 to 6 times
more likely among patients with cancer [2]. Moreover, cancer-associated thrombosis
accounts for about 20% of the entire VTE burden. Patients with cancer who develop VTE
have a 2-fold increase in mortality when compared to cancer patients without VTE; this
remains true even after adjusting for stage of malignancy [3, 4]. In addition, cancer-
associated VTE is also associated with increased therapy-associated bleeding and high
healthcare cost burden [5-7]. Thromboprophylaxis is likely efficient in preventing cancer-
associated thrombosis [8]. However, in order to better personalize preventive mechanisms
and avoid unwarranted side effects, improved risk stratification tools are warranted.

There is a growing body of evidence on platelets as mediators of cancer-associated
thrombosis and outcomes [9]. Alberio et al. [10] described a subset of platelets with a high
level of factor V bound to their surface after stimulation with both thrombin and a collagen
receptor agonist. These platelets are called COAT (Collagen And Thrombin) and they been
extensively linked with arterial events in patients without cancer [11, 12]. COAT-platelets
were recently determined to be predictive of arterial thrombosis [13].

To identify potential biomarkers for VTES, we used a bioinformatics method called
GAMMA [15], which uses an analysis of over 16,000 human microarray experiments to
identify general correlations among genes. Paired with literature-mining software called
IRIDESCENT [14], function, phenotype and disease relevance can be predicted for genes,
regardless of whether or not the gene has appeared in any publications, via analysis of genes
that are highly and consistently correlated with it in their own expression levels across a
heterogeneous set of experiments. Protein C was selected from a list of potential biomarkers
output by the GAMMA analysis as predicted to be associated with VTE risk. To date,
GAMMA has been used successfully to validate phenotypes and disease relevance for
several previously uncharacterized or poorly characterized genes [15-19]. While protein C
is known to decrease after chemotherapy [20], there is paucity of prospective data measuring
the value of this biomarker as a predictor of cancer-associated thrombosis. Protein C
measurement may be confounded by factor VIII levels [21]. Levels of factor VIII are
significantly higher among cancer patients with thrombosis than in those without thrombosis
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[22]. Moreover, in prospective trials, a high factor VIII level is predictive of cancer-
associated thrombosis [23].

We aimed to prospectively evaluate COAT, protein C, factor VIII as predictors of cancer-
associated thrombosis and to determine if these biomarkers add independent information
beyond standard VVTE risk factors.

POPULATION AND METHODS

We designed a phase 3 biomarker development PRoBE (Prospective sample collection,
retrospective blinded evaluation) study [24-26]. We prospectively enrolled eligible patients
> 18 years old with solid tumors of any type or stage scheduled to receive chemotherapy. All
patients were recruited at the University of Oklahoma Health Sciences Center. The
enrolment was not consecutive. Patients were excluded if they were unable to sign informed
consent, were receiving any anticoagulant therapy, pregnant, or hospitalized for trauma or
major surgery within 2 weeks before the initial blood sample collection. We anticipated that
the aforementioned clinical scenarios for exclusion would alter the baseline biomarker
results adding to potential confounding. Patients with leukemia, lymphoma, multiple
myeloma, other hematopoietic primary were not included. Patients with skin cancers were
also excluded. The study was approved by the University of Oklahoma Health Sciences
Center Institutional Review Board.

Baseline information was obtained via direct interview and confirmed by information from
the electronic medical records. We collected demographic variables, clinical data, and
cancer-specific variables including tumor type, presence of known metastatic disease,
performance status and initial chemotherapy regimen. Type of cancer was grouped for
analysis as by the Khorana score where patients with gastric or pancreatic cancers are
considered [27].

Outcome measures

Outcome measures were defined a priori and blindly adjudicated via mutual agreement by 2
of the co-authors. The primary outcome measure was VTE, including symptomatic or
incidentally found deep — vein thrombosis (DVT) of lower or upper limbs, pulmonary
embolism (PE) and visceral venous thrombosis. Deep-vein thrombosis, including visceral
thrombosis, was positive if imaged on CT scan, MRI, venogram or duplex ultrasound. PE
was defined as positive in the presence of a high probability ventilation/perfusion scan, CT
angiogram or a positive pulmonary angiogram. Objective documentation of VTE was
searched every 3 months and the patients were followed for a maximum duration of 12
months. All patients were also followed and adjudicated for mortality. In addition, if there
was no documentation of an event in the electronic medical records the patient or relative
was contacted to confirm or exclude the outcomes of interest and obtain supporting
documentation.

Blood sample collection and analysis

Blood samples were collected at the same time as the scheduled pre-chemotherapy
laboratory evaluation including complete blood count. A complete methodology for the

Thromb Res. Author manuscript; available in PMC 2016 December 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tafur et al.

Page 4

coated-platelet assay has been previously published [28, 29]. Briefly, 5 ml of blood was
drawn into a plastic syringe containing 0.5 ml of acid citrate dextrose (ACD) and platelet
rich plasma (PRP) was prepared. Coated-platelets were assayed with 1 pL of PRP in a 100
uL assay with the following reagents (final concentrations): 1.0 pL/mL biotin-fibrinogen,
0.4 mM gly-pro-arg-pro-amide, 500 ng/ml convulxin, 0.5 U/ml bovine thrombin, 2 mM
CaCl2, 1 mM MgClI2, 150 mM NaCl and 10 mM HEPES, with pH 7.5. After 5 min at 37°C,
0.8 ug of phycoerythrin-streptavidin and 0.5 g of FITC-abciximab were added. After an
additional 5 min at 37°C, the reaction was stopped with 0.2 ml of 1.5% (w/v) formalin in
150 mM NaCl, 10 mM HEPES, pH 7.5. The percentage of abciximab-positive events
(platelets) with bound biotin-fibrinogen was quantitated by flow cytometry. Results are
reported as the percent of cells converted to coated-platelets. For Protein C (STA® —
Staclot® Protein C kit) and Factor VIII (STA® — Deficient VIII kit) two 5 cc blood draws
were collected in 0.109 M (i.e., 3.2 %) trisodium citrate anticoagulant (9:1 vol.). The
samples were subsequently centrifuged for 15 minutes at 2000-2500g as per the standard
suggestions of the assay manufacturers. The obtained plasma was separated into aliquots and
centrally stored within 4 hours at =70 °C. Since D dimer (STA® - Liatest® D-Di kit) is
known to be independently associated with cancer-associated thrombosis, baseline samples
were also measured to control for potential confounding. The samples were centrally
analyzed in batches according to the manufacturer (Diagnostica-Stago Inc.) instructions and
reported as percent activity levels [21, 30]. In brief, equipment was calibrated prior to
testing, the plasma was tested undiluted and Owren-Koller buffer, we used an automatic
compatible analyzer. Quality control runs were done to ensure accuracy. All laboratory
analysis was blinded to outcome and clinical data.

Sample size calculations

We estimated a required sample size of 200 patients, among whom we expected to observe
40 VTE events after 6 months of follow-up. This required sample size resulted in 80%
power to detect a hazard ratio of 2.5 associated with a “high” biomarker level (above the
median) assuming that at 6 months, 12% of subjects with a “low” biomarker level have
developed a VTE and 27% with a “high” biomarker level will have developed a VTE. This
calculation also assumed a 2-sided 0.05 alpha level. Sample size calculations were
performed using PASS 2008 (Hintze, J. 2008. PASS 2008. NCSS, LLC. Kaysville, Utah).
Due to low initial recruitment, the follow up period was extended to up to 1 year.

Statistical analysis

Descriptive statistics and plots were created to summarize the distribution of baseline
biomarker levels, clinical parameters, cancer diagnosis information, medications and
therapy, and comorbidities. Continuous measures, including the proposed biomarker levels,
were categorized into equally spaced intervals to explore the assumption that the log hazard
of VTE was a linear function of the biomarker level [24-26, 31, 32]. The associations
between the proposed biomarker levels and the standard risk factors for VTE (type of
cancer, metastatic disease, Khorana risk score [27], BMI, age, gender, type of chemotherapy
agent, antiplatelet agent, D dimer) were investigated using a log-rank test, comparing the
time-to-VTE distributions between independent groups defined by the independent factors.
Kaplan-Meier curves were then created to summarize the distributions of the time to VTE
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[33]. The cut off value for D dimer was 1.44 pg/mL as previously validated [34]. Time-to-
event distributions were compared among groups using a log-rank test. All time to event
outcomes were estimated accounting for competing risk of mortality [35] and censored for
last point of contact. The association between each biomarker measure and the hazard of
VTE was examined using Cox proportional hazards regression modelling with the
biomarker measure. All-cause mortality was studied as a secondary outcome. The biomarker
categories were collapsed to better satisfy modelling assumptions when indicated by residual
plots or data sparseness. For variables with no events, a Fisher’s exact test was used to
compare the proportion of events between independent groups. Multivariate approaches
were limited given sample size. For all statistical analyses we used SAS 9.2 (SAS Institute
Inc., Cary, NC, USA). A p value of <0.05 was considered as statistically significant. JS and
AT were responsible for the statistical analysis.

We recruited 252 eligible outpatients with solid organ tumors; three samples were not pre-
chemotherapy, one patient had a thrombosis between recruitment and sample acquisition,
and seven samples hemolysis. As per protocol, none of the samples were collected within 2
weeks of cancer related surgery. Thus 241 patients were followed for an average of 10.4 mo
(SD 3.2) and analyzed for the primary outcome. The patients were 60 years-old on average
and predominantly white females (Table 1). Most of the patients had a gynecological (33%),
breast (21%) or pancreas (12%) tumor and 32% of the cohort had metastatic disease at
recruitment. Based on the Khorana prediction score, the likelihood of VTE was intermediate
to high in 77% of our cohort. There were no patients lost to follow up, 37 patients died
(15%) and 31 (13%) developed a VTE. The thrombotic events were 16 (52%) in upper
extremity (including superior vena cava extension n=2), 8 (26%) pulmonary embolisms, 5
(16%) in lower extremity and 2 (6%) organ related. Protein C data were unavailable on 7
(3%) patients, and 14 (6%) patients did not have factor V1II values, and COAT-platelet
percentage was not measured on 42 (17%) patients. The median (Inter quartile range IQR)
values for the biomarkers were: protein C 137.5 % (118-164); factor VIII 197% (151-261)
and COAT-platelets 37.8% (30.8-46.2).

In the univariate analysis, VTE was more likely among (Hazard Ratio [HR], 95%
Confidence Interval [95%CI]) those who received bevacizumab at baseline (HR 3.4; 95%ClI
1.3-9) and those patients with a high risk Khorana score (HR 2.6; 95%CI 1.1-6.2). Females
were less likely to develop cancer-associated VTE (HR 0.4; 95%CI 0.2-0.9). COAT-
platelets percentage at baseline did not predict cancer-associated thrombosis in our cohort
(Table 2). There were 26 patients who had surgery within 1 month prior to recruitment and
only 2 of them developed an adjudicated event. One event was a right atrial thrombus
detected 49 days after the blood draw and the other one was a PE diagnosed 35 days after
sample collection. The levels of protein C (128.1 + 27 vs. 142.7 + 37; p=0.12) and factor
VI (214.2 £ 63 vs. 211.7 + 91; p=0.48) were not different among those who had surgery
within 1 month of recruitment versus those who did not. There was no interaction for factor
VI (p=0.99) or for protein C (p=0.30).
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Patients with protein C levels less than or equal to 118% (lower quartile) were almost 3
times as likely to develop a thrombotic event (HR 2.9; 95%CI 1.3-6.2). Patients with cancer
and a baseline factor V111 level over 261 % were also 3 times as likely to develop VTE (HR
3.16; 95%CI 1.4-7) (Figures 1 and 2). Both low protein C (HR 2.3; 95%CI 1.0-5.4) and
high factor VIII (HR 3.6; 95%CI 1.6-8) remained associated with new thrombotic events
after adjusting for gender. Similarly, patients with protein C less than or equal to 118 % (HR
2.8; 95%CI 1.3-6.2) and those with baseline factor VIII levels over 261 % (HR 2.8; 95%Cl
1.3-6.3) were more likely to develop VTE after controlling for administration of
bevacizumab, an agent associated with thrombosis. Multivariate evaluation controlling for
cancer-specific risk factors is presented on Table 3. In a model adjusting for age, Khorana
score, metastatic disease D dimer and both protein C (HR 2.5; 95%CI 1.1-5.5) and factor
VI (HR 3.0; 95%CI 1.1-8.0) remained significantly associated with new cancer associate
thrombosis.

Among 209 patients with a low to intermediate Khorana risk score, there were 54 (26%)
patients with low protein C and 169 (81%) with high factor VIII levels. Within this
subgroup, patients with low protein C (HR 3.3; 95%CI 1.3-8.2) and patients with high
factor VIII (HR 3.4; 95%CI 1.3-8.7) were 3 times as likely to develop a VTE.

We analyzed the impact of protein C and factor VIII in all-cause mortality. Patients with low
levels of protein C were more likely to die (HR 3.4; 95%CI 1.6-6.9). Our findings remained
statistically significant after controlling for age, ECOG status and metastatic disease at
inclusion (HR 2.8; 95%CI 1.3-6.0). Although high factor VIII levels were associated with
mortality in the univariate analysis (HR 2.5; 95%CI 1.2-5.2), the effect was not statistically
significant when controlled for confounders.

DISCUSSION

In our prospectively collected cohort of 241 patients with solid tumors, low protein C levels
were predictive of cancer-associated thrombosis, as predicted by our bioinformatics
analysis. These results were independent of factor VIII levels, which were also
independently predictive of thrombotic events. After adjusting for cancer-specific risk
factors of thrombosis, patients whose levels of protein C 118% or lower, and the patients
with pre-chemotherapy levels of factor V111 levels above 261 % were over two times more
likely to develop cancer-associated thrombosis. These results were replicated on a stratum of
patients with low to intermediate Khorana risk score. The association of low protein C with
cancer thrombosis was independent of factor V111 and D dimer levels. Levels of COAT-
platelets were not associated with cancer-associated VTE in our cohort.

Bioinformatics have been successfully used in the discovery of prognostic and diagnostic
biomarkers of patients with cancer [36, 37]. There is however paucity of data validating the
use of bioinformatics in the prediction of cancer-associated thrombosis. To our knowledge,
this is the first publication providing evidence of pretreatment protein C levels as an
independent predictor of cancer-associated thrombosis and mortality. The most widely
validated construct to predict cancer-associated thrombosis is the Khorana score which uses
a combination of clinical and laboratory characteristics (Cancer type, white blood cells,
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BMI, hemoglobin/erythropoiesis stimulating agent, platelet count) to predict VTE [27]. The
score has gained acceptance to stratify the likelihood of cancer-associated thrombosis [38].
Pre chemotherapy levels of both protein C and factor V111 provided additional prediction
value in addition to the risk prediction score. Pending external validation of our results,
these biomarkers may be used to further improve VTE risk prediction among patients with
intermediate Khorana scores.

While congenital protein C deficiency is well known as a risk factor of venous
thromboembolism [39], the levels and age of our patients were not suggestive of the
inclusion of subjects with congenital disease. In addition, some chemotherapies agents may
lower protein C levels, and potentially exacerbate the thrombotic likelihood [20, 40, 41]. We
did not measure post-chemotherapy levels of protein C, thus this change is speculative in our
cohort. Bevacizumab [42] is strongly associated with increased VTE likelihood, yet the
predictive effect of protein C levels persisted after adjusting for its administration. Thus we
do not think that the prediction of VTE was confounded by specific chemotherapy
administration. High factor VIII activity increases the risk of primary and recurrent VTE
[23, 43]. Moreover, in a cohort of 840 patients with cancer, including hematological
malignancies, with2 years of follow up, high factor VIII levels were associated with new
VTE events [23]. Factor VIII activity above 232% was chosen as the cut off value and was
associated with a hazard ratio of VTE of 2.8 (95% CI 1.7-4.6). Low protein C, but not high
factor VIII, was associated with higher mortality even after controlling for potential
confounders. Besides controlling thrombaosis, protein C has additional mechanisms of action
that modulate inflammatory response and endothelial apoptosis [39]. These mechanisms are
plausibly associated with the predictive value on mortality for population of patients with
cancer. Moreover, there are emerging data linking the protein C pathway and malignancy
progression via cancer cell extravasation and immune mediated cancer cell elimination [44—
46]. The survival effect of protein C levels is not likely to be due only to fatal VTE.

There is a growing body of evidence on the importance of platelets in incident venous
thromboembolism among patients with cancer. In the Vienna CATS group, a cohort of 665
prospectively followed patients with cancer, a platelet level above 443,000 (95th percentile)
was associated with a 25% incidence rate of venous thromboembolism [47]. The Khorana
Score uses a platelet level cut off value of 350,000 as an indicator of high likelihood of
thrombosis [27]. High mean platelet volume has been recently associated with decreased
risk of VTE [48]. Platelets however, are heterogeneous and some subtypes hold a stronger
thrombotic capacity. Indeed, in our study higher levels of COAT-platelets were not
predictive of cancer-associated thrombosis. Although platelets are relatively uniformly
distributed in the hemostatic plugs due to vessel injury, super-activated platelets are
preferentially located near the collagen exposure sites [49]. The mechanism of activation of
COAT-platelets is probably not prevalent in patients with cancer. Our findings contrast with
the value of this platelet subset in the prediction of stroke in a population of 329 patients
with carotid disease [13]. Our findings highlight the specificity of platelet subsets in
different thrombotic events.

The main strength of our study is that we specifically designed it for evaluation of novel
biomarkers. All laboratory analyses were blinded to the clinic and outcome data and no
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patients were lost to follow up. Our study however is relatively small and we are not able to
present a validation cohort of our findings. In addition, our report is based on single center
demographics and our institution has a higher prevalence of gynecological malignancies,
which limits external validity. Of note, we did not systematically screen for VTE at baseline.
Although we reached our sample size, all multivariate analysis should be considered
exploratory since we only observed 31 patients who developed VTE events. Our VTE
incidence of 13% for a cohort of cancer patients was higher than the 1-8% reported in
epidemiological series [50]. This is result is plausible given its representation of a patient
population at a single tertiary center and it is not a standardized population of patients with
cancer. While we externally validate the use of factor VIII as a predictor of cancer-
associated thrombosis, we believe that protein C levels need external validation before being
able to apply this biomarker to alternative cancer thrombosis risk prediction models.

In summary, as predicted by a bioinformatics model, pre-chemotherapy protein C was
predictive of cancer-associated thrombosis. In addition, we validate high factor VIII levels
as an independent predictor of VTE in patients with solid organ cancer. COAT-platelets
were not predictive of VTE in our cohort. Finally, low protein C levels were also a predictor
of all-cause mortality among patients with cancer. Our findings will add to the risk
stratification of cancer-associated thrombosis, which needs to be considered in future
preventive trials.
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Highlights

We have validated a bioinformatics based selection process for biomarker discovery
in cancer-associated thrombosis.

Patients with low levels of pre-chemotherapy protein C had higher likelihood of
cancer-associated thrombosis and all-cause mortality.

Patients with high factor V111 at baseline had higher likelihood of cancer-associated
thrombosis
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Figure 1. Protein C and Cancer-associated Venous thromboembolism
Kaplan Meier curve of the probability of thrombosis-free survival among patients with

cancer. Log rank used for statistical testing.
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Figure 2. Factor V111 and Cancer-associated Venous Thromboembolism
Kaplan Meier curve of the probability of thrombosis free survival among patients with

cancer. Log rank used for statistical testing. Factor VII1I is presented as % of activity.
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Table 1
Baseline Cohort Characteristics (N=241)

Variable Count or Median | % or IQR
*Age (years) (Median, IQR) 60 53-68
Female 173 72
White Race 196 82
BMI (Median, IQR) Kg/m? 28.0 24.2-35.0
Hypertension 137 57
Diabetes Mellitus 38 16
History of TIA/Stroke 23 10
Statin 50 21
ACEi ARB 83 34
Aspirin 42 17
Gemcitabine 28 12
Bevacizumab 16 7
Platinum 163 68
Cancer Type by Thrombosis Risk

- Very High risk 33 14

- High risk 99 41

- Other 109 45
ECOG =2 20 8
Metastatic 78 32
Khorana score

- High 32 13

- Intermediate 154 64

- Low 55 23

Page 15

Distribution of baseline cohort variables. Quantitative data presented as median and interquartile range (IQR 25th percentile—75th percentile).
ACEI = Angiotensin converting enzyme inhibitor. ARB = Angiotensin receptor blocker. BMI = body mass index. TIA = transient ischemic attack.
ECOG = Eastern Cooperative Oncology Group Performance Score
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Venous Thromboembolism Hazard Ratios. Univariate analysis

Variable HR | 95% CI p
Age (>68 years) 09 | 04-20 0.74
Female 04 | 0.2-09 0.03
White Race 1.2 0.4-35 0.7
BMI > 30 Kg/m? 0.9 0.4-2.3 0.92
Hypertension 0.6 0.3-1.4 0.26
Diabetes Mellitus 06 | 02-22 0.5
History of TIA/Stroke 0.6 | 0.08-45 | 0.62
Statin 1 0.4-2.6 0.95
Aspirin 0.5 0.1-1.9 0.28
ACEi ARB 0.5 0.2-1.3 0.13
Gemcitabine 1.7 | 0.6-4.9 0.33
Bevacizumab 34 | 1390 0.02
Platinum 13 | 05-3.2 0.60
Cancer Type by Thrombosis Risk

- Very High risk 2.7 0.9-7.7 0.07

- High risk 13 | 05-33 0.52

- Other REF

- Very high vs not 2.2 0.9-5.7 0.07
ECOG =2 2.1 0.6-6.9 0.24
Metastatic 19 | 09-4.2 0.10
Khorana score

- High 22 0.7-6.8 0.19

- Intermediate 0.8 | 0.3-22 0.65

- Low 1 REF

- High vs not 2.6 1.1-6.2 | 0.034

Table 2
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Age cut-off for categorized analysis was 75th percentile. ACEi = Angiotensin converting enzyme inhibitor. ARB = Angiotensin receptor blocker.

BMI = body mass index. TIA = transient ischemic attack. ECOG = Eastern Cooperative Oncology Group Performance Score
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Hazard Ratio of venous thromboembolism

Table 3

Low Protein C % activity | High Factor VIII % activity
Model HR 95% ClI HR 95% ClI
Model 1 2.8 1.3-6.2 3.6 1.4-8.7
Model 2 2.6 1.2-5.9 2.9 1.3-6.6
Model 3 2.8 1.2-6.1 2.9 1.2-6.8
Model 4 2.5 1.1-55 3.0 1.1-8.0

Page 17

Model 1= Adjusted for elevated D Dimer (> 1.44 ug/mL), Model 2= Adjusted for Metastatic disease, Model 3= Adjusted for Khorana score, Model

4 Adjusted for Khorana score, D Dimer, metastatic disease, Protein C, Factor VIII.
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