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Abstract

Background: Thromboprophylaxis of ambulatory cancer patients is considered controversial. However, some
guidelines suggest conducting VTE risk assessment using the Khorana risk assessment scoring model. This study aims
to assess the incidence of Deep Vein Thrombosis (DVT) and related cancer types, focusing on the incidence of DVT in
ambulatory patients actively on chemotherapy, with Khorana risk score (KRS).

Methods: The Doppler ultrasound reports over 12-month period were reviewed. A total of 205 patients were included
in the study. Patients with DVT were screened for the relevant biomarkers in KRS model and any other additional risk
factors. Furthermore, a comparison between ambulatory patients who developed DVT and those who did not, was
carried on determining the KRS association with incidence.

Results: The incidence of DVT in ambulatory cancer patients was higher than the inpatient setting (23% vs. 8%). Breast
cancer was the most common malignancy associated with DVT (30%) followed by colon cancer (17%). Chemotherapy
increased the incidence of DVT in ambulatory patients (29% vs. 13%). Patients with KRS of 22 were more likely to
develop DVT (37.5%).

Conclusion: This study highlights the importance of conducting a thorough DVT risk assessment for ambulatory cancer
patients on chemotherapy and the need to look for KRS to reconsider additional risk factors.
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1. Introduction

Venous thromboembolism (VTE) comprises of a group of conditions including deep vein thrombosis (DVT) and
pulmonary embolism (PE). VTE is associated with bad mortality, morbidity rates and additional economic burden to
healthcare systems [1, 2]. DVT was described through Virchow’s triad due to vessels wall injury, venous stasis or
hypercoagulability. Numerous risk factors are associated with the incidence of VTE such as surgery, immobilization,
hereditary disorders, pregnancy and cancer [3]. The pathophysiology of VTE in cancer patients was first described in
1865 by Armand Trousseau and reinforced by different trials, all suggested that the main risk factors for DVT are
hypercoagulability, vessel wall damage and vessel stasis in addition to aggressive chemotherapy regimens [1-5]. The
hypercoagulable state in cancer patients is due to the high levels of tissue factor along with microparticles in the
systemic circulation [5,6]. DVT might also be related to age, ethnicity, obesity, infection, renal disease, pulmonary
disease or the primary site of cancer [5,7,8].
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The highest rates of DVT have been reported in hematological malignancies, particularly lymphoma, then lung and
gastrointestinal cancers [7]. Other cancer-related factors include systemic chemotherapy, antiangiogenic agents,
hormonal therapy, and some supportive therapies like Erythropoiesis-Stimulating Agents (ESA) [5,7,8]. Published data
show that cancer patients represent approximately 20% of the total burden of VTE cases, while VTE is deemed to be the
most common reason of death in cancer patients, as mortality rate increase 2-6 folds with the incidence of VTE [9-13].

Although VTE is considered a life-threating condition, it could still be prevented. There is a common consensus asserting
the importance of VTE prophylaxis in hospitalized cancer patients [14]. Thromboprophylaxis is strongly recommended
in the inpatient setting for eligible patients who had been diagnosed with cancer, unless contraindicated [4]. In the
ambulatory setting, however, there are controversial debates concerning prophylaxis. Many guidelines advice against
routine prophylaxis in ambulatory patients unless having additional risk factors, as compliance with VTE prophylaxis
ambulatory cancer patients is more challenging and costly due to the high number of patients [15,16].

Reporting of VTE events in the outpatient setting is increasing, mostly during the period of chemotherapy treatment
[17]. VTE incidence reached 15% in the colorectal cancer patients on chemotherapy as reported in a retrospective
cohort study [20]. In another retrospective study, VTE incidence over 12 months was 12.6% in cancer cohort group
(lung, pancreas, colon/rectum, gastric, bladder, and ovary) who were commencing chemotherapy vs. 1.4% in non-
cancer cohort group (P<0.0001). Furthermore, the highest incidence of VTE was in pancreatic cancer (19.2%, P<0.0001)
while the lowest was in bladder cancer (8.2%). The majority of VTE events in the cancer group occurred soon after
chemotherapy; in 18.1%, 47%, and 72.5% within 1, 3 and 6 months, respectively [21].

The most recent biomarkers for cancer-related thrombosis, which were studied mainly in ambulatory cancer patients,
showed that VTE rate increased in patients with PLT 350,000 mm3 and leucocyte count 211,000 mm3. Platelet
activation due to damage of vascular endothelium resulting from chemotherapy, and leukocytosis are common in cancer
patients [5,7,8,17].

Khorana et al developed a risk assessment model for VTE in ambulatory cancer patients who are on chemotherapy. The
Khorana risk score (KRS) depends on 5 variables that are more likely related to etiology of cancer-associated
thrombosis which include the site of cancer, pre-chemotherapy PLT =350,000 mm?3, hemoglobin level <10 g/dL or the
use of red-cell growth factors, pre-chemotherapy leukocyte count 211,000 mm?3 and body mass index 235 kg/m?2. The
model classifies patients into 3 categories based on their score; high risk (score =3), intermediate risk (score 1-2), and
low risk (score 0) as shown in Table 1 [17].

Table 1 Khorana predictive model for chemotherapy-associated VTE

Patient characteristic Risk score
Site of cancer Very high risk (stomach, pancreas) 2
High risk (lung, lymphoma, gynecologic, bladder, testicular) 1
Pre-chemotherapy platelet count 2350,000 mm? X 109 /L or more 1
Hemoglobin level less than 10 g/L or use of red cell growth factors 1
Prechemotherapy leukocyte count more than 11 X 109 /L 1
BMI 35 kg/m? or more 1

The PROTECHT study that was done at 62 centers in Italy and concluded that Low Molecular Weight Heparin
prophylaxis halved VTE incidence in ambulatory patients with locally advanced or metastatic cancer during
chemotherapy administration (2.0% in prophylaxis group vs. 3.9% in placebo group). The prophylaxis influence was
more obvious in lung cancer followed by gastrointestinal cancer patients [22].

In 2010 with the growing evidence on the importance of thromboprophylaxis for cancer patients, we in the NCCCR being
the sole tertiary-center in Qatar that manages cancer realized that we need to standardize our practice in accordance
with the best available evidence. Thus, a panel of experts including hematologists, oncologists, pharmacists, nurses and
quality officers agreed to develop an evidence-based protocol for thromboprophylaxis. This protocol was developed
and approved by our clinical practice guidelines (CPG) committee. NCCCR’s VTE prophylaxis guidelines addressed the
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most important clinical issues regarding thromboprophylaxis in the inpatient and the outpatient settings. Since
implementation of this protocol in the inpatient setting, the incidence of VTE during admission was significantly reduced
by 66.4% (P=0.0145) [23]. Yet, this was not the situation in the ambulatory setting. Therefore, in this study we are
focusing on cancer patients in the ambulatory setting.

Aims and objectives: The primary objective of this study was to assess the incidence of DVT in ambulatory cancer
patients at NCCCR, and to examine the association between the primary cancer types and incidence of DVT. The
secondary objectives were to 1) assess the correlation between DVT in cancer patients and chemotherapy, 2) evaluate
the applicability of the KRS model on our population and 3) evaluate the need to develop, based on our findings, a
modified model that is more relevant to our population.

2. Material and methods

2.1. Study design

This is a retrospective case-control study. Data were extracted electronically from the radiology department records
from the 1st of January 2014 till the 31st of December 2014. In addition, patients’ profiles were reviewed via the
electronic medical records (EMR) viewer and electronic clinical notes and were used as electronic sources for our data
collection.

Inclusion/exclusion criteria: All ambulatory hematology and oncology cancer patients were included. While non-
malignant cases that were referred form other facilities and inpatient cases were excluded. Figure 1.
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Figure 1 Flowchart diagram for patient selection (inclusion and exclusion criteria)
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2.2. Data review and analysis

Patients™ Doppler ultrasound results were screened for positive impression of DVT. Patients’ medical history and the
most relevant factors immediately prior to the incidence of DVT were evaluated such as gender, age, primary site of
cancer, co-morbidities, history of previous VTE, last dose of chemotherapy received (if any), and concurrent
administration of ESAs. Laboratory values relevant to KRS were collected including Complete Blood Count (CBC) results
(platelet count, leukocyte count and hemoglobin) and BMI.

While assessing our population for the secondary outcomes, patients were stratified according to their KRS. Those with
a score of 0 were considered low risk, score of 1-2 were considered intermediate risk, and score =3 were considered
high risk. Data validation was carried out by an oncology clinical pharmacy specialist and a hematologist before
proceeding to the statistical analysis. Data were collected by Microsoft Excel 2010 and statistical analysis including the
DVT incidence rate, odds ratio and confidence intervals was performed using SPSS version 19.

3. Results

A total of 310 Doppler ultrasound referrals were reviewed, 105 patients were excluded, and 205 patients were included
in the study. These were distributed as 62% (127/205) ambulatory patients vs. 38% (78/205) inpatients. Females and
elderly were more common among the ambulatory patients included (n=127). More details are shown in Table 2.
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Table 2 Demographics and clinical characteristics of ambulatory cancer patients

Parameter N=127 %

< 65 Years 58 46 %
> 65 Years 69 54 %
Male 35 28 %
Female 92 72 %

Data analysis showed that solid and hematology cancer cases were distributed in a ratio of 1:9 as shown (Figure 2). By
comparing the inpatient vs. outpatient groups, the incidence of DVT was 8% (6/78) vs. 23% (29/127), respectively.
Table 3 shows the DVT incidence and mortality rates, reflecting higher DVT incidence and lower mortality in the

ambulatory setting.

Distribution of ambultory cancer patients by
speciality

N=13
10%

®m Oncology

Heamtology

Figure 2 Distribution of malignant hematology vs. oncology cases in ambulatory cases

Table 3 Incidence of DVT and mortality rate in cancer patients (ambulatory and inpatients)

Patient distribution o Incidence of DVT % of mortality rate (DVT cases)
N =205 ° N =35 N=10
Inpatient (n = 78) 38% 6 patients (6/78) = 8% 2 patients (2/6) 33%

Ambulatory (n = 127)

62% 29 patients (29/127) =23%

8 patients (8/29) 28%

To focus more on the ambulatory cancer patients, the analysis included 127 patients representing ambulatory cases
with solid and hematology malignancies. The overall incidence of DVT was 23% (29/127). However, comparing the DVT
incidence in patients who were actively on chemotherapy with those who were not showed that it was 29% (n=22) vs.
13% (n=7), respectively [OR=2.66, CI 95% (1.04-6.82)]. In contrast, the mortality rate was higher in the group who was
not on active chemotherapy 43% (3/7) vs. 23% (5/22), as shown in table 4.

Table 4 Overview on the ambulatory cancer patients’ (DVT Incidence/mortality)

Ambulatory Cancer patients
(N=127)

%

Incidence of DVT % of mortality rate

Actively on Chemotherapy (n = 75)

59% | 22 patients (22/75) 29% | 5 patients (5/22) 23%

Not on Chemotherapy (n=52)

41%

7 patients (7/52) 13% 3 patients (3/7) 43%
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In ambulatory patients who developed DVT, 5-Fluorouracil and Cyclophosphamide were the most commonly used
agents (27%, 6/22), followed by Doxorubicin (23%, 5/22), and Cisplatin and Gemcitabine (18%, 4/22) for each. (Table

5)

Table 5 Most commonly used chemotherapy for ambulatory cancer patients who developed DVT

Chemotherapy (n=22) No of patients %
5-fluorouracil 6 27%
Cyclophosphamide 6 27%
Doxorubicin 5 23%
Cisplatin 4 18%
Gemcitabine 4 18%
Docetaxel 3 14%
Irenotican 3 14%
Oxaliplatin 2 9%
Carboplatin 2 9%
Epirubicin 2 9%
Paclitaxel 2 9%
Vinorelbine 2 9%
Bevacizumab 2 9%
Cetuximab 2 9%
Vinblastine 1 5%
Vincristine 1 5%
Ifosfamide 1 5%
Bleomycin 1 5%
Dacarbazine 1 5%
Etoposide 1 5%
Methotrexate 1 5%

Moreover, the history of previous VTE, admission within previous 60 days, KRS and DVT-related death were explored

retrospectively. (Table 6)

Table 6 DVT-related Khorana risk score in ambulatory cancer patients and the related death rate

Ambulatory cancer patients who developed DVT while on chemotherapy (N = 22) %
Baseline laboratory value (n=22)

Khorana risk score

0 9 41%
1 4 18%
2 8 36%
>=3 1 5%
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Figure 3 Distribution of ambulatory DVT patients on chemotherapy by site of tumor (n=22)
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Further analysis showed that breast cancer had the highest DVT incidence (30%) followed by colon cancer (17%), as
illustrated in figure 3. By comparing the incidence in high-risk score (=3 score) vs. low-intermediate risk score (<2

score), odds ratio (OR) was 0.79 (CI 95% [0.07-8.07]) (Table 7, Figures 4 and 5).

The subgroup analysis showed that if we divide the DVT patients into two groups with regard to their KRS; low-
intermediate risk group (i.e. score <1) and high-risk group (i.e. score 22), the OR for DVT incidence in the high-risk
group vs. low-intermediate group would be 1.75 (CI1 95% [0.62-4.95]).

Table 7 Classification of ambulatory cancer patients on chemotherapy by risk score and DVT incidence (n=22)

Risk score On chemotherapy Total
NoDVT | withpvt | (N=75)
0 score (low risk) 17 9 26
1 score (intermediate risk) 21 4 25
2 score (intermediate risk) 12 8 20
>3 score *(High risk) 3 1 4
Total 53 22 75

*As per KRS; DVT prophylaxis is recommended for high risk (=3 score) only
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Figure 4 Distribution of DVT cases by Khorana risk score in ambulatory cancer patients on chemotherapy (n=22)
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Figure 5 Distribution of ambulatory cancer patients on chemotherapy by Khorana risk score and DVT incidence

4., Discussion

Reducing the risk of VTE in hospitalized cancer patients was the primary clinical outcome at the time of initiating the
study. However, we did not have a clear depiction regarding the existing incidence in the ambulatory setting. The results
of this study are showing higher DVT incidence in the ambulatory setting (23%) compared to the inpatient setting (8%).
Similarly, a 12-month retrospective cohort study showed that incidence of VTE in the outpatient setting (78.3%) was
higher than the inpatient setting (21.7%), P<0.0001 [24].

In this study, our main concern was the ambulatory cancer patients actively on chemotherapy. The DVT incidence was
higher in patients who were on chemotherapy (29%) compare to those were not (13%). Our results are relevant to the
internationally published evidence stating that the risk of VTE increases by 2-3 folds in cancer patients on chemotherapy
[25,26].
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Furthermore, the chemotherapy agents according to their use in the DVT cancer patients were 5-fluorouracil,
cyclophosphamide, doxorubicin, cisplatin, and gemcitabine. A study that included 2,120 ambulatory patients actively
receiving chemotherapy showed an increased rate of VTE amongst patients receiving Cisplatin (HR=4.20, C1 95% [2.89-
6.10], P<0.001), 5-Fluorouracil (HR=1.35, CI 95% [0.63-2.90], P=0.004) and Irinotecan (HR=4.19, CI 95% [2.90-6.04],
P<0.001). It was clear that chemotherapy was meaningfully associated with VTE [27]. In our study, the mortality rate in
DVT cases on chemotherapy was 23% (5/22). By reviewing the reason of death, the DVT-related death rate was 14%,
which is higher than the rate (9.2%) in a prospective observational study of cancer patients commencing chemotherapy
regimen [28].

Our analysis showed that incidence of DVT in breast cancer was the highest representing 30%, followed by colon cancer
17%. This reflects the high prevalence of these cancer types in the general population. Our results are almost mirroring
the findings of the VERITY trial, where the most common cancer types were breast, prostate, colorectal and lung with
VTE incidence of 56.1%, with the highest incidence observed for breast cancer patients (17%) [29]. Our findings show
that after colorectal cancer, bladder, ovarian and pancreatic cancer came next with DVT incidence of 5.71% each.
Although those cancer types were associated with high DVT incidence similar to breast cancer, the limited number of
patients in our study was the barrier to get more reliable figures. The secondary objective of this study was to find an
effective strategy to categorize the ambulatory cancer patients based on their VTE risk. In 2008, KRS was developed
considering that patients with score =3 had higher risk to develop VTE [17]. KRS was further validated in other studies
[30]. In our study, we calculated KRS for the ambulatory patients on chemotherapy. All subjects in both arms were
assessed whether they had one or more risk factors and grouped into one of 4 categories; score 0, score 1, score 2, and
score 23. We found that DVT incidence in the high-risk score group was less than the low-intermediate risk score group
(OR=0.79). It was noted among our population that the number of DVT cases in the score 2 group was higher than score
3 group. Therefore, the high-risk group in our study was actually =2, (OR=1.75, C1 95% [0.62-4.95]). This will urge the
need to consider the patients with score = 2 as high-risk patients, which could make them good candidates for
thromboprophylaxis. We could not rationalize the DVT incidence for 13 cases in the low-intermediate risk group in a
way that we could consider thromboprophylaxis or not. KRS did not give a guidance for risk assessment in that group,
which warrants more focused research efforts.

5. Conclusion

This study highlights the importance for a thorough VTE risk assessment for ambulatory cancer patients who will be
started on chemotherapy. Risk scoring model should be revised to include patients with score =2 as a high-risk group.
Breast and colon cancer patients need more attention. Clinicians are urged to discuss the risks and benefits of this
intervention with their patients before deciding on thromboprophylaxis. More robust evidence is needed from
prospective studies, to help in the implementation of an advanced approach for thromboprophylaxis in our patients.
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