° NAT/O

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

N, NIH Public Access

(<
A 5 Author Manuscript
P repSS

Published in final edited form as:
Carnicer. 2011 August 15; 117(16): 3860—3866. doi:10.1002/cncr.25941.

Incidence of pulmonary embolism in oncologic outpatients at a
tertiary cancer center

Atul B. Shinagare, M.D.1:2, Mengye Guo, Ph.D.1, Hiroto Hatabu, M.D.2, Katherine M.
Krajewski, M.D.12, Katherine Andriole, Ph.D.2, Annick D. Van den Abbeele, M.D.1.2, Pamela
J. DiPiro, M.D.12, and Mizuki Nishino, M.D.1:2

1Department of Imaging, Dana-Farber Cancer Institute, 44 Binney St. Boston MA, 02115, USA,
Phone: Phone: 617-525-8568 Fax: 617-582-8574

2Department of Radiology, Brigham and Women’s Hospital, 75 Francis St. Boston MA, 02115,
USA

Abstract

Background—Incidence of pulmonary embolism (PE) for different cancer types in oncology
outpatients is unknown. The purpose of the study is to determine the incidence of PE in oncology
outpatients, and investigate whether the incidence for PE is higher in certain cancers.

Methods—Cohort of oncology outpatients who had imaging studies at Dana-Farber Cancer
Institute, a tertiary outpatient cancer institute, from January 2004 through December 2009 was
identified using research patient data registry. Radiology reports were reviewed to identify patients
who developed PE. Incidence of PE in the total population and each of 16 predefined cancer
groups was calculated. Risk of PE for each cancer was compared using Fisher’s exact test.

Results—A total of 13,783 patients was identified, of which 395 (2.87%, 95%Cl: 2.59-3.16)
developed PE. The incidence of PE was highest in central nervous system (CNS) (12.90%,
95%Cl: 8.45-18.59), hepatobiliary (6.85%, 95%CI: 3.33-12.24), pancreatic (5.81%, 95%Cl:
3.59-8.84) and upper gastrointestinal (5.81%, 95% CI: 3.96-8.20) malignancies. The risk of PE
was significantly higher for CNS (p<0.0001, OR:5.28), pancreatic (p=0.0027, OR:2.15), upper
gastrointestinal (p=0.0002, OR:2.18) and lung/pleural malignancies (p=0.0028, OR:1.45).
Significantly lower risk of PE for hematologic (incidence: 1.16%, 95%CI: 0.79-1.64; p<0.0001,
OR:0.35) and breast malignancies (incidence: 1.50%, 95%CI: 1.02-2.11; p<0.0001, OR:0.47).

Conclusion—The incidence of PE in oncology outpatients in a tertiary cancer center over a 6-
year period was 2.87%. CNS, pancreatic, upper gastrointestinal and lung/pleural malignancies had
a significantly higher risk for PE than other malignancies, while hematologic and breast
malignancies had a significantly lower risk.
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INTRODUCTION

Over the past century, our knowledge of venous thromboembolism (VTE) has evolved from
basic understanding of deep venous thrombosis, to uncovering of genetic links between
cancer and thromboembolic complications. It is now well-established that the incidence of
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deep venous thrombosis and pulmonary embolism (PE) is higher in patients with cancer than
in the general population. Recognition of PE as an important complication in cancer patients
has led to consideration of primary antithrombotic prophylaxis, even in ambulatory patients
with cancer1™3. Since the majority of cancer patients are now treated and followed-up in an
outpatient setting, this population consisting of oncologic outpatients is of considerable
interest.

Knowing the incidence of PE in individual cancer types in ambulatory oncologic patients is
the first step towards defining the high-risk outpatient population that may benefit from
primary antithrombotic prophylaxis. However, despite the abundance of literature on PE, the
incidence of PE in oncology outpatients, as a whole and in different cancer types, is
unknown. There are several studies that report the incidence of VTE and/or PE in cancer
patients in general4=8, or in individual cancer types9~20. However, most of them focus on
hospitalized patients, and many of them report the incidence of VTE in general and not PE
specifically. A few studies that do report the incidence of PE in outpatients do not
specifically focus on oncology patients21722.

Advances in multidetector computed tomography (CT) have allowed better assessment of
the pulmonary arterial tree and have led to improved detection of pulmonary embolism,
making CT pulmonary angiography the imaging modality of choice for the diagnosis of
PE23726. Although the technique used for a routine chest CT is different from that used for
CT pulmonary angiography, clinically unsuspected PE is frequently detected on routine
chest CT27733. Although these episodes of PE are often clinically unsuspected, almost 75%
of them are in fact, symptomatic34. While a treatment similar to symptomatic PE has been
recommended for patients with unsuspected PE35, the exact incidence and clinical
significance of the unsuspected PE is unknown27:32734:36. Even though literature on the
incidence of unsuspected PE is growing21722:28:30:32:37~38, most of these studies include
a relatively small number of patients, the results are not consistent, and there are still gaps in
our knowledge. Specifically, the incidence of unsuspected PE in oncologic outpatients
remains unknown.

The aim of this study is to determine the incidence of clinically suspected and unsuspected
PE in oncologic outpatients at a tertiary cancer center over a period of six years, and to
investigate whether the risk for PE is higher in certain cancer types than in others.

MATERIAL AND METHODS

In this institutional review board-approved, Health Insurance Portability and Accountability
Act (HIPAA) compliant retrospective study, we identified all the outpatients with cancer
who had imaging studies at our institution from January 2004 through December 2009,
using the research patient data registry (RPDR). The RPDR maintains records of all the
patients who are registered at our institution for any reason. All the oncology inpatients were
excluded. If any patient had imaging studies as both outpatient and inpatient at different
time-points, all the imaging studies performed while the patient was hospitalized were
excluded. The final study cohort consisted of the oncologic outpatients who had imaging
studies at our institution.

The demographic data including age and gender, and the type of primary cancer were
recorded for this cohort. For patients who had history of more than one malignancy, the
more recent malignancy for which the patient underwent imaging was used for
categorization. For patients with more than one malignancy being actively treated, the
patient was classified under the more advanced stage malignancy. The type of primary
cancer was recorded according to the International Classification of Diseases, Ninth
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Revision, Clinical Modification (ICD-9-CM) codes. Cancers were divided into 16 groups
based on the ICD-9-CM codes (Table 1).

The radiology reports of the study cohort were reviewed to identify the patients who had PE
detected on contrast-enhanced computed tomography (CT). CT scan of the chest was
performed using a 64-row MDCT scanner (Aquilion 64; Toshiba America Medical Systems,
CA, USA) or a 4-row MDCT scanner (Volume Zoom; Siemens Medical Solutions,
Forchheim, Germany). The standard chest CT protocol at the Dana-Farber Cancer Institute
was as follows: (1) 64-row MDCT scanner: 0.5 mm collimation, 120 kVp, maximum tube
current of 500 mA using dose modulation with noise index of 12.5 HU, 0.5 s gantry rotation
time and a table speed of 26.5 mm per rotation; (2) 4-row MDCT scanner: 2.5 mm
collimation, 120 kVp, 165 mAs, 0.5 s gantry rotation time and a table speed of 11.5 mm per
rotation. Patients were scanned in the supine position from the cranial to caudal direction
from the clavicles to the adrenal glands at end-inspiration. One hundred milliliters of
iopromide (300 mg I/mL; Ultravist 300, Bayer HealthCare Pharmaceuticals) was injected
intravenously with an automated injector (Stellant, Medrad) at a rate of 2-3 mL/s, with a
scan delay of 30 seconds.

Axial images (5 or 7 mm thickness for 4-row MDCT and 5 mm for 64-row MDCT) were
reconstructed using standard and lung algorithms and were transferred to the picture
archiving communication system (PACS).

Only the first episode of PE was included. Each patient was counted only once, even if the
PE was detected on several successive scans or there were multiple episodes of PE in the
same patient. If patients had PE initially detected on an inpatient CT, any further outpatient
CT scans performed in these patients were excluded. The incidence of PE and 95%
confidence interval (CI) were calculated for the total population and in the 16 cancer groups.
The risk of PE for patients in each cancer group was compared with that of all other patients,
using Fisher’s exact test. Using the Bonferroni correction to adjust for multiplicity,
p<0.0031 was considered to indicate a significant difference in the incidence of PE. Odds
Ratios (ORs) were also computed.

Patients with PE were divided into two subgroups, depending on whether the PE was
clinically suspected or unsuspected. The PE was considered as suspected if a dedicated CT
pulmonary angiography (CTA) study was ordered by the referring physician, and considered
unsuspected if the PE was incidentally detected on routine staging or follow-up CT. The
proportion of suspected and unsuspected PE was calculated for the entire population as well
as for each cancer group. The percentage and 95% confidence interval (Cl) of suspected PE
was calculated for each group to determine whether certain cancers are more likely
associated with suspected or unsuspected PE.

The most proximal location of PE was recorded based on the radiology reports. The location
of PE was categorized as main, lobar, segmental or subsegmental PE. The main PE included
PE involving the main pulmonary arterial trunk or the right and left main pulmonary
arteries. The lobar PE included the lobar and interlobar arteries. When PE involved multiple
locations, the most proximal location was recorded. The percentage of the patients in whom
the main pulmonary arteries were involved was separately calculated for the suspected and
unsuspected PE groups. These percentage values were compared using the Fisher’s exact
test.

Whether the patients received any treatment for PE, and if treated, the type of treatment was
recorded from the medical records. The difference in the proportion of treated patients with
suspected and unsuspected PE was studied.
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The study design, including the methods used for data collection, the type of data collected
and the statistical methods, was finalized prior to the beginning of data collection.

A total of 13,783 oncologic outpatients were included in the study, consisting of 6,103 males
(44.3%) and 7,680 females (55.7%) with a mean age of 61 years (range 19-101 years). A
total of 395 patients developed PE, with an incidence of 2.87% (95% confidence interval,
2.59-3.16). The population who developed PE consisted of 186 males (47.1%) and 209
females (52.9%) with a mean age of 61 years (range 20-91 years).

The incidence of PE was highest in malignancies of the central nervous system (CNS)
(12.90%, 95%CI: 8.45-18.59), followed by hepatobiliary (6.85%, 95%Cl: 3.33-12.24),
pancreatic (5.81%, 95%Cl: 3.59-8.84) and upper gastrointestinal (GlI) (5.81%, 95% CI:
3.96-8.20) malignancies. The lowest incidence of PE was found in hematologic
malignancies (1.16%, 95%CI: 0.79-1.64) and in breast cancer (1.50%, 95%CIl: 1.02-2.11).
Table 1 lists the incidence of PE for the different cancer types (Figure 1).

After applying the Bonferroni correction, the risk for PE was found to be significantly
higher for CNS (p<0.0001, OR:5.28), pancreatic (p=0.0027, OR:2.15), upper
gastrointestinal (p=0.0002, OR:2.18) and lung/pleural (p=0.0028, OR:1.45) malignancies
than other cancers. The hepatobiliary and colorectal cancers have high incidence of PE;
however, it did not meet statistical significance after applying the Bonferroni correction
(Table 1). A significantly lower risk of PE was noted for hematologic malignancies
(p<0.0001, OR: 0.35) and breast cancer (p<0.0001, OR:0.47).

Out of the total 395 patients with PE, 193 patients (48.9%) had suspected PE (overall
incidence of suspected PE, 1.40%); and 202 patients (51.1%) had unsuspected PE, detected
incidentally on the routine staging/restaging study (overall incidence of unsuspected PE,
1.47%). In certain cancer groups such as CNS, lung/pleural and hematologic malignancies,
suspected PE was more common than unsuspected PE; while in certain other groups
including pancreatic, hepatobiliary and colorectal cancer, unsuspected PE was more frequent
(Table 2). However, these differences in the proportion of suspected and unsuspected PE
were not statistically significant, except for pancreatic and CNS cancers. Patients with
pancreatic cancer are significantly more likely to develop unsuspected PE than suspected PE
(unsuspected PE 85.0%, 95%ClI: 62.1-96.8). The PE was clinically suspected in almost all
the cases of CNS tumors (23/24, 95.8%; 95%CIl: 78.9-99.9).

The most proximal location of the embolus was in the main pulmonary arteries in 107
patients (27.1%), in lobar arteries in 100 patients (25.3%), segmental arteries in 144 patients
(36.5%) and in subsegmental arteries in 44 patients (11.1%). Table 3 depicts the distribution
of the location of suspected and unsuspected PE. The proportion of the main pulmonary
artery involvement for suspected and unsuspected PE was 23.3% (45/193) and 30.7%
(62/202) respectively, which was not significantly different (Fisher’s exact test, p = 0.11).

Out of the patients with PE, 96.7% (382/395) was treated (anticoagulants in 341 patients,
inferior vena cava filter in 15 patients, thrombolysis using tissue plasminogen activator
(tPA) in three patients, and a combination of the above in 23 patients) and 2.8% (11/395)
received no treatment. Information regarding the management was not available in 0.5%
patients (2/395). Out of the 382 treated patients, 34 patients were already on anticoagulation
and/or had an I\VC filter for prior deep venous thrombosis. Following the diagnosis of PE,
the drug and/or dose of anticoagulant was modified in 18 patients, anticoagulation was
started in 9 patients who previously had an IVC filter and I\VC filter was placed in 7 patients
who were previously on anticoagulation. All 11 patients who received no treatment had
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contraindications to therapy. Of these 11 untreated patients, 4 had suspected PE and 7 had
unsuspected PE.

Out of the 202 patients with unsuspected PE, 195 patients were treated (96.5%) and 7
patients were not treated (3.5%). Out of the 193 patients with suspected PE, 187 patients
were treated (96.9%), 4 patients (2.1%) were untreated, and the information about treatment
was not available in 2 patients (1%). There was no difference in the proportion of treated
patients between the suspected and unsuspected PE groups (p = 0.84).

DISCUSSION

To our knowledge, this is the first large study on the incidence of suspected and unsuspected
PE in oncologic outpatients. The incidence of PE among different cancer types has also not
been previously reported in this patient population. Over a period of six years, we found a
2.87% incidence of PE in a total of 13,783 outpatients with cancer who had imaging studies
at our institution. In a meta-analysis, Reynolds et al found an incidence of PE ranging from
0.13% to 8.65% in cancer patients in general39. The incidence of PE in the general
population has been reported to be 0.11% 40. The mean age of patients with PE was 61
years (range 20-91 years) in our study, compared with the mean age of 63 years (range, 28—
74 years) previously reported39.

The higher risk of PE in CNS, pancreatic, upper Gl and lung/pleural malignancies compared
to other cancers found in our study is in agreement with the prior studies which have
reported a higher incidence of thromboembolic complications in CNS, pancreas, upper Gl
and lung malignancies, as well as in renal and uterine cancers8:41~42. The possible reasons
for the higher risk of PE in CNS malignancy include patients’ factors such as immobility. In
our study, the incidence of PE in urinary tract and female genital tract malignancies was
above the overall incidence; however it did not reach statistical significance. The risk of PE
in hematologic and breast cancer was significantly low in our study. It is possible that there
is a "protective effect"” against thromboembolsm in patients with hematologic malignancies,
which may be related to low platelet counts and low hemoglobin levels. Chew et al reported
a lower incidence of VTE in breast and prostate cancer8. The incidence of PE in male
genital tract cancers was relatively low in our study as well. Blom et al have reported a
higher incidence of VTE in hematologic malignancies42, however, this difference could be
due to a small number of patients with hematological malignancies in their study, all of
whom were not necessarily outpatients.

Our study revealed that PE was clinically unsuspected in approximately half of the positive
PE cases (51.1%, 202/395), which is consistent with prior clinical and autopsy studies31:43.
The incidence of unsuspected PE of 1.47% in this study is in keeping with the estimated
incidence of 1.2% in cancer outpatients in a meta-analysis by Dentali et al44. There was a
seemingly higher incidence of suspected or unsuspected PE in certain cancers. This
difference did not meet statistical significance in most cancer groups, possibly due to the
relatively small number of patients in each category. However, incidence of unsuspected PE
was significantly higher than suspected PE in pancreatic cancer (85.0% unsuspected PE,
95%Cl: 62.1-96.8). The reason for this higher rate of unsuspected PE in pancreatic cancer is
unknown and to the best of our knowledge, this has not been previously reported or
investigated. The majority of the patients with CNS malignancy had suspected PE.
However, this is conceivably because patients with CNS cancers typically do not have chest
CT as a part of their routine follow-up evaluation, unless they develop chest symptoms,
thereby negating the opportunity to detect a PE incidentally.
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To our surprise, there was no significant difference in the proportion of main pulmonary
artery involvement between the suspected and unsuspected PE. In this cohort of oncology
outpatients, the majority (96.5%) of the patients who developed unsuspected PE were
treated, and they received a similar treatment as suspected PE. The suspected or unsuspected
nature of PE had no bearing on treatment-related decisions. Although no clear guidelines
currently exist for the treatment of unsuspected PE, our results indicate that patients with
unsuspected PE usually receive the same treatment as those with suspected PE. Until further
data emerges, there is certainly a trend towards treating each detected episode of
PE27:33:35:45.

There are two major limitations of the study. One is that only the radiology reports were
used to identify the patients with PE without reviewing the images. The other is that
standard chest CT without thin-section dedicated CT pulmonary angiography technique was
used to detect PE in patients with unsuspected PE. Therefore, the incidence of PE, especially
of unsuspected PE involving the smaller branches, may have been underestimated. The
difference in the involvement of smaller pulmonary arteries between the suspected and
unsuspected PE groups was not calculated, because smaller emboli are better detected with
thin-section dedicated CT pulmonary angiography which is performed in patients with
suspected PE, than with thicker section routine chest CT on which unsuspected PE is
incidentally detected. Some oncologists may routinely place patients with certain
malignancies on VTE prophylaxis. However, the patients on VTE prophylaxis were not
excluded from the present study, which is another limitation of the study since these patients
have decreased likelihood of developing PE.

In conclusion, the incidence of PE in oncology outpatients in a tertiary cancer center over a
six-year period was 2.87% (clinically suspected PE, 1.40%; unsuspected PE, 1.47%). CNS,
pancreatic, upper gastrointestinal and lung/pleural malignancies had a significantly higher
risk for PE than other malignancies, while hematologic and breast malignancies had a
significantly lower risk. The evidence reported here on the incidence of PE in the different
cancer groups may contribute to the clinical management of the oncology outpatients.
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Figure 1.

Incidence of pulmonary embolism (PE) with 95% CI for different cancer types. The figure
indicates the incidence of PE in each type of cancer (x) with the 95% confidence interval (-).
PE, pulmonary embolism; CNS, central nervous system; upper GI, upper gastrointestinal;
FGT, female genital tract; KUB; kidney, ureter and bladder; MSK, musculoskeletal; MGT,
male genital tract; HNF, head, neck and face; Hemat, hematological.
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