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Abstract

along with evaluating any associated clinical variables.

Background: For various types of cancer in oncologic patients, the clinical features of pulmonary embolism (PE) are
unknown. The purpose of the study is to identify pulmonary embolism incidence and type among oncologic patients

Patients and methods: A prospective cohort study was conducted on 540 patients who had various types of
cancers and attended to a 1-day care unit of oncology in King Fahd Hospital, Kingdom of Saudi Arabia. Chest CT with
contrast and CT pulmonary angiography was applied when indicated.

Results: This study was conducted on 540 patients who have different types of cancers; among them, 24 (4.44%)
developed PE. Pulmonary embolism was reported in 50% of patients who had seminoma and germ cell tumor, while
in cancer larynx, it was represented in 33.4% of them. Moreover, PE was less common among patients who had
cancer colon, prostate, and breast (6.68%, 4.7%, and 2.54%, respectively). Seven patients with PE (1.3%) were diag-
nosed incidentally during cancer staging, while 17 patients (3.14%) had symptomatic PE. Eighty-four percent of the PE
cases were diagnosed within the first 6 months of cancer diagnosis, while 4/24 (16%) of the PE cases were diagnosed
throughout patient follow-up within the first year of diagnosis. Chest pain and dyspnea were the common presenta-
tions in confirmed PE either symptomatic or incidental group.

Conclusions: Low-risk PE was the most frequent degree; massive and sub-massive PE was uncommon in onco-
logic patients. Dyspnea and chest discomfort are concerning signs of PE in cancer. Meticulous care during the first
6 months for cancer patients to pick up pulmonary embolism is recommended.
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Introduction

The fatality rate for patients who develop acute pulmo-
nary embolism (PE) is high, ranging from 4.1 to 14.5%,
indicating the severity of the condition [1]. When com-
pared to non-cancer patients, cancer patients have a
threefold higher risk of venous thromboembolism (VTE).
Numerous factors, such as the use of newer, more potent
chemotherapy drugs, have been linked to a higher prob-
ability of thrombosis [2] and increased the frequency
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of thrombophilia in cancer patients [3]. The majority of
cancer patients have an increase in platelet activation and
aggregation, as well as an upregulation of the coagula-
tion cascade. Moreover, the coagulation activation state
in cancer patients appears to be caused by a multifacto-
rial mechanism. Tumor cells may express prothrom-
botic molecules and produce enzymes such as cysteine
proteases, which directly result in clotting by activating
factor X, as well as physiological tissue factor, which is
related to the activation of the extrinsic blood coagula-
tion pathway. Furthermore, tumor cells can contribute
to clotting indirectly by secreting cytokines that act on
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endothelial and mononuclear cells, boosting the produc-
tion of prothrombotic molecules. [4] 56 7.

Additionally, the incidence of PE is influenced by the
type of cancer, as well the stage, type, and duration of
chemotherapy, the response to therapy, an individual’s
mobility, nutritional status, surgery, patient aging, and
kidney and liver status [8].

Today, whereas most cancer patients are mobile and
get treatment and monitoring at outpatient clinics of
hospitals, PE is recognized as a serious consequence [9].

Despite many of researches on PE, it is uncertain what
PE looks like clinically overall in oncology outpatients
and in different forms of cancer. Numerous studies have
detected PE incidence among patients who have cancer
generally or among particular types of cancer [10]. Also,
many of them documented the general venous throm-
boembolism (VTE) incidence rather than a precise type
of PE. Since then, the majority of them concentrated on
hospitalized patients and a few studies are exclusively
focused on oncology patients when they describe the
clinical characteristics of PE in outpatient clinics [11].

Advanced multi-detector computed tomography
(MDCT) technology has improved pulmonary embolism
detection, enhanced evaluation of the pulmonary arterial
tree, and making CT pulmonary angiography the pre-
ferred imaging technique for PE diagnosis [12].

Unsuspected patients with PE who are diagnosed
clinically are commonly seen on routine chest CT dur-
ing their staging and follow-up, despite the fact that the
modality utilized for a regular chest CT is different from
that used for CT pulmonary angiography [13].

The aim of the current study is PE incidence estimation,
diagnosis of various PE types, and assessment of some
clinical characteristics among oncologic outpatients.

Patients and methods

The current research is a prospective study carried out
on 540 cancer patients receiving care at the oncology day
care unit in King Fahd Hospital, KSA, within a duration
started from January 2016 to June 2020. Patients were
categorized under the more advanced stage of malig-
nancy when they had several active malignancies. The
primary cancer type was documented according to the
International Classification of Diseases, Ten Revision,
and Clinical Modification (ICD-9-10) 2012-2016. The
patients were classified into two groups (incidental group
and symptomatic group).

Every patient is evaluated by a pulmonology consultant
for detection of presence of any chest symptoms (cough,
chest pain, expectoration, dyspnea, hemoptysis, pal-
pitation, and syncope) for the potential of a pulmonary
embolism at any time. In the current study, patients were
subjected to the following:
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1. The different demographic data, such as age, sex,
and history of smoking.

2. The type, staging, and treatment strategy of pri-
mary cancer according to ICD-9-10 2012-2016.

3. CT chest with contrast: the included patient’s chest
was scanned by using a 64-row multi-detector CT
scanner (Aquilion 64; Toshiba USA) in a supine
position. It was carried out for all studied patients
during the early staging of cancers after treatment
is completed, and through patient follow-up at 3, 6,
9, and 12-month intervals according to the proto-
col of each type of cancer.

4. CT pulmonary angiography (CTA) was done for
patients who had clinical suspicion of PE. It was
done for 37 patients whose modified wells criteria
score was >4 to be likely PE.

5. Echo-cardiology and the level of a cardiac enzyme
(serum troponin I) were carried out for patients
who had submissive PE (acute PE in hemodynamic
stable patients). They were done for only three
patients.

6. The PE degree was classified according to the Euro-
pean Society of Cardiology (ESC) into massive PE,
sub-massive PE, and low risk [14].

7. 'The PE time onset: It is recorded either during the
initial 6 months or during the follow-up period
(after 6 months).

8. Treatment of PE: according to ESC guidelines [14]

9. Two patients received unfractionated heparin while
twenty-two patients were given fractionated one.

10. One patient received thrombolytic therapy (tissue
plasminogen activator (TPA) (ultiplas) with a dose
of 100 mg daily.

11. Two patients had IVC filters inserted; one had
colon cancer and the other had laryngeal cancer.
IVC filter was inserted because the patients had an
anticoagulation therapy-related side effect (bleed-

ing).

The studied patients were followed up for 1 year.

Exclusion criteria

In the current study, patients with inadequate gathered
data, patients who developed PE during their hospital
stay, and patients under the age of 18 were excluded.

Ethical consideration
The privacy, rights, well-being, and health of the partici-
pants were protected through informed consent, which
they were asked to, read and sign if they agreed to par-
ticipate in the study.
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Data analysis

The data were performed by using the Statistical Package
for Social Sciences version 18.0. Descriptive data were
tabulated. The age of the patients, the degree and time of
PE, and the type and stage of cancer were all displayed
using means and standard deviations (SD). Using Fish-
er’s exact test, the risk of PE for patients in each cancer
group was compared to that of all other patients. Using
the Bonferroni correction to account for multiplicity, the
incidence of PE was considered significantly different at p
value <0.0031. Furthermore, the ¢ test and Fisher’s exact
test were done to analyze the correlation with the out-
come as significantly accepted at p value <0.05.

Results

This study was carried out on 540 cancer outpatients, and
the cancer patients who had PE were classified into two
subgroups, depending on whether the PE was clinically
suspected or unsuspected.

1. Symptomatic PE: the patient was clinically suspected
and CT pulmonary angiography (CTA) study was
carried out.

Incidental PE: it was incidentally noticed either dur-
ing the staging of cancer or follow-up using a CT
scan.

Incidence of PE (symptomatic versus incidental)

The whole number and percentage of patients who had
PE were 24 (4.445%); 17 patients (3.14%) had sympto-
matic PE while 7 patients (1.3%) had an incidental one.
All patients with an incidental PE had lung, uterus, and
pancreas cancer, while patients with symptomatic PE
were more frequent in cancer patients with breast, pros-
tate, colon, seminoma, and germ cell tumors, as follows:
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7/8 (87.5%), 2/2 (100%), 4/5 (80%), and 2/4 (50%), respec-
tively as shown in Fig. 1 and Table 1.

Demographic data and characteristics of PE in different
cancer types

Seventy-five percent of PE patients were in stage VI of
cancer, according to the type of cancer treatment: 100%
of patients with lung and uterus cancer, seminoma, and
germ cell tumor received chemotherapy; 100% of patients
with prostate cancer and 25% of breast cancer received
hormonal therapy, while 100% of patients with larynx
and pancreas cancer; and 60% of colon cancer and 12.5%
of breast cancer did not receive any medications due to
cancers in late stages, and patients were deemed unfit
for treatment. It was revealed that 20/24 (84%) of PE in
cancer patients developed during the initial 6 months
after diagnosis, 4/24 (16%) of the patients developed PE,
while the remaining 4/24 (16%) developed during the
first year of follow-up (2 patients have cancer prostrate,
one patient has cancer larynx, and one patient has cancer
breast). The majority of PE degrees (75%) were low risk,
whereas massive and sub-massive PE degrees occurred in
three patients (12.5%). Majority of the patients received
LMWH (22/24), while one patient received thrombolytic
therapy (TPA), and an IVC filter was implanted in two
patients as shown in Table 2.

Clinical characteristics of both studied groups of PE
(symptomatic versus incidental)

Table 3 detected that there were no significant differences
in age, gender, or smoking history between the incidental
and symptomatic PE groups. PE in patients who had lung
and pancreas cancer were 100% incidental, while PE in
patients who had prostate and larynx cancer, seminoma,
and germ cell tumor were 100% symptomatic. Further-
more, the symptomatic PE incidence in breast, colon,
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Fig. 1 The incidence of symptomatic and incidental PE in different cancers
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Table 1 The incidence of pulmonary embolism (symptomatic and incidental groups) in different types of cancers

Total no of cancer

Total no. and % of

Total no. and %of No. and % of PE/total no.

patients symptomatic PE incidental PE of cancer
(540) 17 (3.14%) 7 (1.3%) (24) 4.445%
X P

Ca breast 315 7(2.23%) 1(0.31%) 2.8 <0.05**
Calung 31 — 1 (3.5%) 14 0.56
Ca prostate 42 2 (4.7%) -— 19 0.69
Ca colon 75 4 (5.34%) 1(1.34%) 1.47 0.48
Ca pancreas 12 — 2 (16.7%) 3.7 <0.05%*
Ca gall bladder 6 1(16.67%) 1(16.67%) 1.0 0.25
Ca uterus 4 — 1(25%) 14 0.67
Ca larnex 3 1 (33.4%) — 18 0.78
Seminoma and germ cell 4 2 (50%) — 24 <0.05%*

tumor

PE pulmonary embolism, Ca cancer, no number

and bladder cancer were 7/8 (87.5%), 4/5 (80%), and 1/2
(50%), respectively. On the other side, the patients with
low-risk PE were represented as 100% who had incidental
PE and 70.7% who had symptomatic PE. Moreover, 100%
of patients with incidental PE were diagnosed during the
staging of cancers within the initial 6 months while 82.5%
of patients with symptomatic PE settled during chemo/
hormonal therapy. The whole patients who had inciden-
tal PE received LMWH, while only one patient received
thrombolytic therapy (TPA), and an IVC filter was
inserted for two patients who had symptomatic PE.

Presentation of symptoms among studied groups

Table 4 shows that chest pain, cough, and dyspnea were
the highest symptoms between all oncogenic patients
(200,145, and 120 patients, respectively). In contrast, the
less common symptoms were hemoptysis, palpitation,
and syncope. In diagnosed PE, chest pain and dyspnea
were higher either in the symptomatic group (88% and
82%) or the incidental group (42% and 28%).

Discussion

The frequency of suspected and unsuspected PE among
oncologic outpatients in Al-Madina Al-Monwara, Saudi
Arabia, has not before been the subject of a compre-
hensive investigation. Additionally, the prevalence of PE
among various types of cancer has not been previously
discussed in this patient cohort. The results of the pre-
sent study during a 4-year period were in agreement with
the study of Reynolds et al. (2008) [15], which reported
that PE incidence among patients who had cancer was
ranging from 0.13 to 8.65% generally. The current study
estimated a PE incidence of 4.4% in a total of 540 patients
who had various cancer types.

In the study, PE risk was higher in cancers of the larynx,
pancreas, bladder, and genitourinary system, particularly
lung adenocarcinoma, prostate cancer, and uterine can-
cers, while it was relatively less common in breast cancer.
This finding is consistent with earlier studies that found a
higher incidence of PE in pancreatic, lung, renal, uterine,
and pancreatic cancers [16]. It was declared that aging
of the patients, cancer stage, and immobility are some
potential causes of an increased risk of PE [17]. Accord-
ing to Chew et al. (2006) [18], breast cancer patients had
a decreased incidence of PE. A recent study showed that
lung cancer patients now had a 20-fold higher chance of
developing PE than the general population, particularly
those with the adenocarcinoma histological type [10].

In this study, the majority of PE (20/24, 84%) emerged
within the first 6 months of a cancer diagnosis and in
severe stages, while only 16% (4/24) of PE developed
throughout the first 2 to 3 years of the patient follow-up.
This finding is in concordance with the results of Biedka
etal. (2012) [6].

In the first 6 months following the diagnosis of malig-
nancy, PE may develop for a variety of reasons, includ-
ing the impact of an active cancer and treatment (chemo,
radiation, and hormone therapy), which results in the
downregulation of anticoagulants and the overexpression
of procoagulant proteins [3]. Other mechanisms at play
include endothelial damage, endothelial cells activation
to release procoagulant substances, inflammation that
occurred due to necrosis or acute-phase reactants secre-
tion, and other factors including surgery and immobiliza-
tion [19] 20.

Regardless of the type of cancer, low-risk PE was
the most prevalent degree in cancer patients with 75%
(18/24) of patients while central PE only made up 25%
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Table 2 The demographic data and characters of PE in different types of cancers
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Cabreast Cacolon Caprostate Capancreas Cagallbladder Calarynx Calung Cauterus Seminoma and
(8) (5) (2) (2) (2) (1) 1 4] germ cell tumor
(2)
Age (M£SD) 52411 604+£13 84+15 56.5+11 524+9 37 61 55 32549
Sex:
Male - 2(40%) 2 (100%) 1 (50%) 1 (50%) - 1(100%) - 2 (100%)
Female 8(100%) 3 (60%) - 1(50%) 1(50%) 1(100%) - 1 (100%) —
Smoking history:
Non 5(625%) 2((40%)  ——- - 1 (50%) — — 1(100%) 2 (100%)
Mild 3(375%) 2 (40%) 2 (100%) 2 (100%) 1 (50%) 1(100%) — — —
Moderate — 1 (20%) — — — — 1(100%) —— —
Heavy — — - — — — — — -—
Stage of Ca:
I 2 (25%) 1 (20%) - - - - - - 1(50%)
11l 2 (25%) - - - - - - - -
Vi 4 (50%) 4(80%) 2 (100%) 2 (100%) 2 (100%) 1(100%)  1(100%) 1(100%) 1 (50%)
Treat of Ca:
Chemo 5(62.5%) 2(40%) - - 1 (50%) - 1(100%) 1(100%) 2 (100%)
Radio - - - - - - - - -
Hormonal 2 (25%) - 2 (100%) - - - - - -
No 1(125%) 3(60%) - 2 (100%) 1 (50%) 1(100%) - - -
Time of PE:
First 6 months -
Incidental 1(12.5%) 1(20%) - 2 (100%) 1(50%) - 1(100%) 1 (100%) -
On diagnosis - 2 (40%) - 2 (100%) - - 1(100%) 1 (100%) -
On chemo 5(62.5%) 2(40%) - - 1(50%) - - - 2 (100%)
On hormonal 2 (25%) - 2 (100%) - - - — - -
Follow up 1(125%) - 2 (100%) - - 1(100%) - - -
(1-2 years
Degree of PE:
Massive 2 (25%) - - - - - - - 1 (50%)
Sub-massive - 2 (40%) - - — 1(100%) - - -
Low risk 6 (75%) 3(60%) 2 (100%) 2 (100%) 2 (100%) - 1(100%) 1(100%) 1 (50%)
Treat of PE
Thrombolytic 1(125%) - - - - - - - -
IV heparin 2 (25%) - - - - - - - 1 (50%)
LMWH 7(87.5%) 5(100%) 2 (100%) 2 (100%) 2 (100%) 1 (100%) 1(100%) 1 (100%) 1 (50%)
IVC filter - 1(20%) - - - 1(100%) - - —

PE pulmonary embolism, Ca cancer, IV intravenous, LMWH low molecular weight heparin, IVC filter inferior vena cava filter

(6/24) of PE. These results are different from Karippot
et al’s (2012) study [2] which reported that central pul-
monary embolism was developed at a higher rate among
cancer patients. This might be brought on by variations
in the whole patient number and the presence of patients
who had various malignancies.

The present study found that the incidental PE inci-
dence was 1.3%, which differs from the findings of
several earlier studies that found the incidental PE

incidence to be 4.3%. The variability of the population
of the patient under study and characteristics of the
tumors, such as the stage of disease, may be the causes
of these disparities [21].

Since incidental PE is common in malignancies of
the pancreas, lungs, and uterus and 100% of PE identi-
fied in chest MDCT throughout the staging of cancer,
patients should have nearby follow-up and exploration
for any PE in chest MDCT in the course of staging and
follow up [22].
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Table 3 Clinical characteristics of the studied groups (incidental and symptomatic PE)
Incidental PE SymptomaticPE X p
7/24 (29.1%) 17/24 (70.9%)
Age(M£SD) 558+13 548+15 0.587 1.25
Smoking history:
Non 3(42.8%) 8 (47%) 1.24 1.8
Mild 3(42.8%) 7 (41.1%) 1.87 12
Moderate 1 (14.4%) 2(11.7%) 0914 214
Heavy — — — —
Sex:
Male 2 (28.5%) 7 (41.1%) 0.358 0.147
Female 5 (71.5%) 10 (58.9%) 0.354 1.24
Primary site of cancer:
Pancreas (2) 2 (100%) — 3.1 <0.05
Lung (1) 1 (100%) - 28 005>
Breast (8) 1(12.5%) 7 (87.5%) —26 0.05>
Colon (5) 1 (20%) 4 (80%) —24 005>
Gall bladder (2) 1(50%) 1(50%) 0.98 14
Uterus (1) 1 (100%) — 28 <0.05
Seminoma ad germ cell (2) — 2 (100%) -3 <0.05
Prostate (2) —- 2 (100%) —-29 <0.05
Larynx (1) - 1(100%) —28 <0.05
Stage of cancer:
I — 4(23.5%) —27 <0.05
Il - 2(11.7%) —24 <0.05
\% 7 (100%) 11 (64.8%) 26 <0.05
Degree of PE:
Massive - 3(17.6%) —34 <0.05
Sub-massive —- 2 (11.7%) —-25 <0.05
Low risk 7 (100%) 12 (70.7%) 13 0.654
Time of PE:
On diagnosis 7 (100%) 2(11.7%) 39 <0.05
On chemotherapy - 10 (59%) —35 <0.05
On hormonal therapy - 4(23.5%) —287 <0.05
Follow up - 1(5.8%) —24 <0.05
Treatment of PE:
Thrombolytic - 1(5.8%) —24 <0.05
IV heparin - 2 (11.7%) —24 <0.05
LMWH 7 (100%) 15 (76.7%) 1.6 0.258
IVC filter - 1(5.8%) —2.1 <0.05

PE pulmonary embolism, Ca cancer, IV heparin intravenous heparin, LMWH low molecular weight heparin, IVC filter inferior vena cava filter

It was detected that dyspnea was a higher percentage
of symptoms among cancer patients with PE which is in
agreement with different studies in oncogenic patients
as regards dyspnea [23] 24. In a study by Chlapoutakis
et al. (2022) [23], chest pain was detected as a lower clini-
cal presentation (39.4%) than in the present study. This
can be explained by the fact that, in our study, patients
with breast cancer were higher than other malignancies
and more likely to have dyspnea and chest pain, which

are warning signs of malignancy for the examination of
PE.

Conclusion

While PE is less frequent among patients who had
breast cancer, it is common among patients who had
cancers of the pancreas, lungs, throat, uterus, and pros-
tate. Chest discomfort and dyspnea are warning indi-
cators for PE in malignancy, and the initial 6 months
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Table 4 Presentation of symptoms among studied groups
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Total cases Clinical suspected PE(37)well Symptomatic PE Incidental PE
(540) score>4 (17) (7)
Cough 145 (27%) 3(8%) 1 (6%) 1 (14%)
Expectoration 20 (3%)
Dyspnea 120 (22%) 25 (67%) 14 (82%) 2 (28%)
Chest pain 200 (37%) 30 (81%) 15 (88%) 3 (42%)
Hemoptysis 6 (1%) 3 (8%) 2 (12%) 0
Syncope 5(1%) 4 (10%) 2 (12%) 1 (14%)
Palpitation 7 (1%) 4 (10%) 1 (6%) 1 (14%)

following the discovery of cancer are the most risky
period for developing PE. The most frequent type of
PE in cancer patients was low-risk PE. A considerable
high risk of incidental PE exists in those who had can-
cer in the lung, pancreas, uterus, or bladder. Therefore,
it is advised that the cancer patients should receive rig-
orous monitoring during the first 6 months to detect
pulmonary embolism.
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