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Abstract (223 words)

Introduction. Chronic thromboembolic pulmonary hypertension (CTEPH) is a severe condition
which should be screened in patient with persistent dyspnea after pulmonary embolism (PE).
After PE, CTEPH incidence was estimated between 0.1 and 9.1 % in overall patients.
Although cancer is associated with an increased risk of CTEPH, CTEPH incidence is still
unknown in cancer patients with PE. We aimed to estimate the frequency CTEPH-likely

patients after PE, in cancer patients.

Materials. We individualized cancer patients of a monocentric prospective registry including
consecutive patients with symptomatic PE. The primary outcome was the frequency of
“CTEPH-likely” patients defined by the European Respiratory Society (ERS) guidelines (an
accelerated tricuspid regurgitation more than 2.8m/s and at least 1-2 segmental or larger-

sized defects, after more than 3 months of therapeutic anticoagulation).

Results. We included 129 cancer patients with PE. Colorectal cancer (19%), breast cancer
(17%) and prostate cancer (15%) were the most frequent cancers. PE occurred after
surgery or medical immobilization in 17% of patients, while 26% of patients had history of
venous thromboembolism. During the follow-up, 2 patients (1.5%) had a clinical suspicion of
CTEPH and only 1 patient with ovarian cancer (0.75% 95%CI [0.0%-2.2%]) was classified

as “"CTEPH-likely”, 6 months after PE.

Conclusion. The frequency of screening for CTEPH seems negligible in PE patients with

cancer. Concomitant cancer may affect the clinical suspicion of CTEPH.

Keywords : Chronic thromboembolic pulmonary hypertension, pulmonary embolism, cancer,

epidemiology



Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) arise from one or multiple
endothelialized pulmonary thrombi that do not resolve after pulmonary embolism (PE).
CTEPH leads to chronic obstruction of the pulmonary artery tree, increased pulmonary
vascular resistance, pulmonary hypertension (PH) and progressive right heart failure [1].

Untreated CTEPH has a very poor prognosis[2].

CTEPH diagnosis is a major clinical challenge because —if diagnosed- patients may be
discussed for several treatments options. Pulmonary endarterectomy can potentially cure
patients with CTEPH[3]. Pulmonary balloon angioplasty is becoming a more and more
efficient option [4]. Beside these mechanical treatments, Riociguat has demonstrated its
positive effect on exercise capacity [5]. Clinical symptoms and signs are non-specific or
absent in early CTEPH, with signs of right heart failure only becoming evident in advanced
disease. The mean diagnostic delay was 14 months in the European CTEPH registry[6]
between the first symptoms and the diagnosis. Because of its low frequency after PE[7],
diagnostic evaluation for CTEPH is not recommended for all PE survivors, but is suggested in
case of clinical suspicion, for example in case of persistent dyspnea[8,9]. In case of clinical
suspicion, the combination of a high or intermediate echocardiographic probability of PH with
the presence of perfusion defects on V/Q lung scan defined CTEPH as “likely”, and may

prompt the referral of the patients in a PH center [9].

This clinical challenge is upgrated in cancer patients. Venous thromboembolism (VTE) is a
common complication of cancer and its therapy [10,11]. Approximately 20 % of all VTE
cases are related to cancer[10] and cancer patients with VTE have a three-fold higher risk of
recurrent VTE compared to patients without cancer[12,13]. Cancer symptoms may hide

CTEPH symptoms or CTEPH symptoms may be interpreted as cancer symptoms.



A recent meta analyse estimates incidence of CTEPH of 3.21% (95% CI 2.0-4.4) after PE,
considering only survivors patients, alive after an initial treatment period of 6 months[7].
Moreover, recurrent VTE was associated with a higher CTEPH incidence than after first PE
(Odd Ratio 3.2, 95% CI 1.7-5.9)[7]. Whereas in survivors patients without major
comorbidities, incidence was estimated at 2.78% (95% CI 1.5-4.1)[7], incidence of CTEPH

after PE in patients with active cancer is currently unknown.

We aimed to assess the suspicion of CTEPH, after PE in patients with active cancer.



Methods

We conducted a post hoc analysis of consecutive patients with acute PE, prospectively

included in the monocentric registry of Saint Etienne.

Registry design, patients and data collection

Consecutive patients with symptomatic acute PE and active cancer were included in our
registry. PE was confirmed with high probability ventilation/perfusion (V/Q) scan,
intermediate V/Q with proximal deep venous thrombosis or positive contrast-enhanced,
pulmonary embolism-protocol, helical chest computerized tomography. Active cancer was
defined according to ISTH definition [14]. Patients participating in a therapeutic clinical trial
with a blind medication were excluded. All patients provided oral or written consent
according to the requirements of the Ethics Committee of the hospital. The participating

physicians ensured that eligible patients were consecutively enrolled.

Study variables

The parameters routinely recorded in the registry are: patient baseline characteristics;
clinical status including any coexisting or underlying condition (like cancer); laboratory data;
treatment received upon VTE diagnosis (drugs, doses and duration); outcome during the
course of anticoagulant therapy (mainly recurrent symptomatic VTE, major bleeding, CTEPH

clinical suspicion and death).

Among the patients in whom CTEPH was clinically suspected, patients were defined as
“CTEPH likely” according to the definition of the European Respiratory Society (ERS)
guidelines, with an accelerated tricuspid regurgitation more than 2.8 m/sec on TTE and at
least 1-2 segmental or larger sized defects on pulmonary perfusion scan, after more than 3

months of therapeutic anticoagulation[8,9].



Treatment and follow up

Patients were managed according to the clinical practice of each clinician; therefore, there
was no standardization of choice of drug treatment, dose or duration. Patients were
followed-up for at least three months in the outpatient clinic of Saint Etienne. First visit was
usually performed between 3 and 6 months after the diagnosis then following visits were
provided every 6 or 12 months according the profile of each patient. During each visit, any
signs or symptoms suggesting CTEPH complications were prospectively noted (dyspnea,
weakness, fatigue, chest pain, palpitations, right heart failure signs, syncope, hemoptysis,
cyanosis). During the follow-up, clinicians were free to suspect (or not) CTEPH, if patients
presented with persistent dyspnea, and free to program (or not) transthoracic
echocardiogram to assess for pulmonary hypertension, and pulmonary perfusion scan to

assess for perfusion defects, in order to classify the patients as “"CTEPH likely” or “unlikely”.

Study design and outcomes
All patients recruited in our registry with active cancer were considered in our analysis. Our
primary aim was to estimate the frequency of patients reported as “CTEPH-likely”during the

follow-up.

Statistical analysis

Analyses were performed on all patients included in our registry between January 2008 and
December 2016, with active cancer. Quantitative variables were presented as the number of
case, mean (xstandard deviation). Data were processed and analyzed using R package

version 3.4.318 [15].

Results



Between January 2008 and December 2016, 129 patients with PE and active cancer were
included among the 711 patients with PE (18.1%). Baseline patients characteristics are
reported in 7able 1. Of these, 68 patients (53 %) were male. The mean age was 72 years
old with 77 patients (60%) above 70 years old. Initial pulmonary embolism presented with
dyspnea for 99 patients (77%). Three patients (2.3%) presented with systemic hypotension.
Among the 24 patients with TTE performed at PE diagnosis, 8 patients (6.2%) had systolic
Pulmonary Arterial Pressure over 50 mmHg. Main risk factors of venous thromboembolism

(VTE) were history of VTE for 33 patients (26%) and recent surgery for 18 patients (14%).

Cancer patient’s characteristics are reported in 7able 2. Main cancer site were colorectal
(19.8%), breast (17%), prostate (16.5%), blood (9%), lung (8.5%). Cancer were metastatic
for 41 patients (32%). Cancer treatments include chemotherapy (35%), radiotherapy (12%)
and hormonal therapy (13%). Initially, 91% of patients were treated with low molecular
weight heparin (LMWH), 7% of patients with unfractionned heparin and 2% of patients with
direct oral anticoagulants (DOACS). As a long term therapy (after 6 months), 66% of
patients were treated with LMWH, 26% of patients with vitamin K antagonist and 8%
patients with DOACS. The median follow up was 190 days (+ 240). The overall survival was

91.5 % at the end of follow-up.

During the follow-up, 2 patients (1.5%) were clinically suspected of CTEPH (none of them
were those with elevated sPAP at baseline). One patient was classified as “CTEPH-likely”,
corresponding to an incidence of 0.75% (95% CI 0.0-2.2). This patient was a woman with a
locally advanced ovarian cancer. CTEPH was suspected 6 months after PE diagnosis because
of persistent dyspnea. TTE and lung scan were favorable to “"CTEPH likely”. No right heart
catheterism (RHC) was performed to confirm CTEPH. The patient received conventional
therapy consisting diuretics, oxygen on top of anticoagulant therapy. The patient is still alive

3 years after PE diagnosis.



Discussion

In 129 cancer patients prospectively followed after acute pulmonary embolism, a clinical
suspicion of CTEPH was raised in 1.5% and the incidence of “CTEPH likely” (as defined by

Europeans guidelines) was 0.75% (95% CI 0.0-2.2).

Compared to data recently aggregated in a meta-analysis[7], our incidence of “"CTEPH likely”
patients was near to the incidence of CTEPH after PE in all comers (0.56%), but lower than
the incidence found in patient survivors 6 months after PE (3.21%)[7]. Of note, we included
all patients with PE in the setting with active cancer, the median follow up was 6 months,

and the survival rate was 91.5% at the end of the follow-up.

We know that cancer patients are at higher risk of venous thrombo embolism. As previously
reported, almost 20% of our PE occurred in cancer patients[10] and 3.8% allow to discover
cancer in the following year [16]. Moreover, this patients have a three-fold higher risk of
recurrent VTE compared to those without cancer[12,13]. Recurrent VTE is associated with a
higher CTEPH incidence than after first PE (Odd Ratio 3.2, 95% CI 1.7-5.9)[7]. Considering
that, we expected an higher rate of CTEPH likely patients that thus we found. In a bicentric
study of 146 patients followed for CTEPH incidence after acute PE, 17 were suffering from
cancer [17], and only one was diagnosed for CTEPH, after a median time of 26 months of
follow-up. Joined with our 129 patients, it seems that CTEPH is not frequently diagnosed

after PE in patients with active cancer.

No previous study specifically assessed the incidence of CTEPH suspicion in cancer patients.
Our low incidence may be explained by the non-specificity of the CTEPH clinical signs, like
exercise intolerance, fatigue or low grade of dyspnea. Moreover, clinical suspicion of CTEPH
may be decreased because symptoms being related to cancer or cancer treatment. Finally, it
is possible that doctors may decide to not conduct any other investigation, because of the

cancer status, despite overt clinical symptoms.



Our study has several limits. We conducted a monocentric study with an a posteriori analysis
but our patients were included consecutively and prospectively. Only 24 TTE were performed
at baseline, but none of the 8 patients with pulmonary hypertension at baseline were
suspected of CTEPH during the follow-up. Our study population is small, considering the
importance of cancer-associated thrombosis, but this is the first to point out the
particularities of CTEPH suspicion in cancer patients. Our median follow up is limited to 6
months which may affect the rate of CTEPH suspicion especially since the survival of cancer
patients is in constant progress and more and more concerns are currently raised on
cardiovascular long-term complications[18]. Also, the number of patients include give no
sufficient power to assess the risk according the type of cancer or the treatment. Of note, no

right heart catheterism was done in the patient suspected of CTEPH.

Conclusion

The frequency of screening for CTEPH seems negligible in cancer patients after PE.
Concomitant cancer may affect the clinical suspicion of CTEPH. CTEPH diagnosis and
dedicated therapy may improve the prognosis of some cancer patients with PE. Better

individualization of PE patients with cancer at good prognosis is needed.
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Table legend:

Table 1. Baseline patients characteristics.
PE, Pulmonary Embolism; VTE, Venous Thrombo Embolism; CTPA, CT pulmonary angiogram;
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Patients, N

129

Clinical characteristics

Male gender

Mean age (years * SD)

Age > 70yr

Body weight (mean kg + SD)
BMI < 18 kg/m?

BMI > 30 kg/m?

Acute PE index

Syncope

Dyspnea

Fever

Temperature less than 36°C
SBP < 100 mmHg

Heart Rate > 110 bpm

Sat 02 levels < 90% (Blood gases) n=38
Inverted T wave (ECG)

Right Branch Block ( ECG)
Central Thrombi (CTPA) n=23
PA main branches thrombi (CTPA) n=23
Segmental thrombi (CTPA) n=34
PAP levels > 50 mmHg (TTE baseline) n=24
Risk factors for PE

Surgery < 2 months
Immobilization = 4 days
Estrogen use

Varicose veines

Prior VTE

Underlying diseases

Atrial fibrillation

Systemic arterial hypertension
Diabetes mellitus

Thyroid diseases

Depression

Use of psychotropic drugs

Use of antiplatelets drugs

Use of anticoagulants drugs
Follow-up (mean days)
Follow-up (median daystSD)
Cancer site

Colorectal

Breast

Prostate

Hematological

Lung

Kidney

Uterus

Skin

Stomach

Ovary

Bladder

68 (52.7%)
72.0 £12.9
77 (59.7%)
73.6+18.3
6 (4.7%)
20 (15.5%)

13 (10.1%)
99 (76.7%)
15 (11.6%)
2 (1.6%)
3 (2.3%)
8 (6.2%)
9 (7.0%)
18 (14.0%)
11 (8.5%)
1
3
27
8

18 (14.0%)
4 (3.1%)
16 (12.4%)
17 (13.2%)
33 (25.6%)

4 (3.1%)
57 (44.2%)
14 (10.9%)

6 (4.7%)

5 (3.9%)

12 (9.3%)
28 (21.7%)

4(3.1%)

260.1 + 240.0
190.0 + 240.0

25 (19.4%)
24 (18.6%)
19 (14.7%)
12 (9.3%)
11 (8.5%)
6 (4.7%)
6 (4.7%)
5 (3.9%)
5 (3.9%)
4 (3.1%)
4 (3.1%)



Pancreas

Peritoneum

ENT (pharynx/larynx + tong)

Others (unknown, sarcome, thyroid)
Metastasis

Cancer treatment

Radiotherapy

Chemotherapy

Hormonal therapy

1(0.8%)
2 (1.6%)
2 (1.6%)
3 (2.3%)
41 (31.8%)

15 (11.6%)
45 (34.9%)
17 (13.2%)

(continued)





