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Abstract

Pulmonary hypertension (PH) is a complex disease with increasing global
incidence that eventually leads to right ventricular failure and is associated
with a poor prognosis. The importance of noncardiac comorbidities in disease
progression and prognosis has gained increasing recognition in recent years.
In the present study, we investigated a potential association between PH and
cancer in an outpatient cohort in Germany. Using the IQVIA Disease Analyzer
database, we identified a total of 11,109 patients with PH and a propensity
score matched cohort of equal size without PH who received medical treat-
ment between 2005 and 2019. Logistic regression models were used to evaluate
the potential association between PH and cancer. Within the 10-year ob-
servation period, the incidence of cancer was significantly higher in PH pa-
tients than non-PH patients (23.2% vs. 8.5%, log-rank p < 0.001). Importantly,
this association was observed for both male (HR = 1.24, p = 0.002) and female
(HR =1.37, p<0.001) patients, and was most pronounced in patients >80
years (HR =1.50, p < 0.001). In terms of a specific tumor site, we found a
significant association for respiratory organ cancer (HR =1.60, p = 0.007) and
skin cancer (HR = 1.48, p < 0.001). Our study provides strong evidence that PH
is associated with an increased incidence of cancer. This finding should help
raise awareness of this important comorbidity and could trigger specific

screening programs in patients with PH.
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INTRODUCTION

Pulmonary hypertension (PH) remains a challenging
chronic condition, the pathophysiology and course of
which is not yet totally understood. The disease is de-
fined as a mean pulmonary arterial pressure >20 mmHg
at rest, as determined by the Sixth World Symposium on
Pulmonary Hypertension in 2018' or greater than
25 mmHg, as determined by the guidelines issued by the
European Society of Cardiology (ESC)/European Re-
spiratory Society (ERS) in 2015.” The global burden of PH
is significant: about 1% of the total global population is
affected, including up to 10% of people aged >65 years.
According to the different causes of the disease, PH can
be divided into five subgroups as defined in the Nice
classification: (1) pulmonary arterial hypertension, (2)
PH due to left heart disease, (3) PH due to pulmonary
disease and/or hypoxia, (4) PH due to chronic throm-
boembolism, (5) PH due to unclear multifactorial me-
chanisms.” The last classification in particular makes it
clear that the pathophysiology of the disease is not yet
sufficiently understood. Although innovative and effec-
tive therapies have been found in recent years, the life
expectancy and quality of life of those affected is still
severely limited.” A deeper understanding of the dis-
ease is therefore of eminent importance. One way to gain
a better understanding of the disease may be to learn
more about its interplay with a spectrum of comorbidities
that typically co-occur with PH.® These may include
conditions such as arterial hypertension, obesity, sleep
apnea, clinical depression, obstructive airway disease,
thyroid disease, diabetes mellitus, and ischemic cardio-
vascular events.” Comorbidities of PH may be present at
the time of PH diagnosis or may develop during the
course of PH treatment. The co-occurrence of PH and
one or more comorbidities may increase the complexity
of disease management. Patients may require multiple
pharmacological interventions to treat PH and the re-
spective comorbidities.

The connection between PH and tumors seems to be
particularly significant—so much so indeed, that people
also speak of tumoral PH.® Pulmonary tumor “micro-
vascular disease” includes both pulmonary tumor mi-
croembolism (PTME) and pulmonary tumor thrombotic
microangiopathy (PTTM).” The numerical significance of
the association between PH and cancer is still not en-
tirely clear. We therefore investigated a possible asso-
ciation between these two diseases in a cohort of 11,103
PH-patients matched with a cohort of equal size without
PH using the Disease Analyzer database (IQVIA). The
aim of our study was to find out whether PH promotes
the development of cancer in general or cancer of specific
organs.

MATERIALS AND METHODS
Database

This study was based on data from the Disease Analyzer
database (IQVIA), which contains drug prescriptions,
diagnoses, and basic medical and demographic data ob-
tained directly and in anonymous format from computer
systems used in the practices of general practitioners and
specialists.” The database covers approximately 3% of all
outpatient practices in Germany. Diagnoses (according to
International Classification of Diseases, 10th revision
[ICD-10]), prescriptions (according to Anatomical Ther-
apeutic Chemical [ATC] Classification system), and the
quality of reported data are monitored by IQVIA on an
ongoing basis. In Germany, the sampling methods used
to select physicians' practices are appropriate for ob-
taining a representative database of general and specia-
lized practices. It has previously been shown that the
panel of practices included in the Disease Analyzer da-
tabase is representative of general and specialized prac-
tices in Germany.” Rathmann et al. demonstrated good
agreement between the outpatient DA database with
German reference data with respect to the incidence or
prevalence of cancer diagnoses.” Finally, this database
has already been used in previous studies focusing on
cardiovascular disorders'”'" as well as cancer.'*"”

Study population

This retrospective cohort study included adult patients
(=18 years) with an initial diagnosis of PH (ICD-10:
127 + original diagnosis text) in 1274 general practices in
Germany between January 2005 and December 2018
(index date; Figure 1). One further inclusion criterion
was an observation time of at least 12 months before the
index date. Patients with cancer diagnoses (ICD-10: C00-
C99) before the index date were excluded.

After applying inclusion criteria, patients without PH
were matched (1:1) to patients with PH based on pro-
pensity scores using a greedy algorithm and derived from
the logistic regression using sex, age, yearly consultation
frequency, and codiagnoses (obesity, diabetes, heart
failure, atrial fibrillation, lipid metabolism disorders).
Diabetes and obesity were used as they are associated
with cancer. Heart failure, atrial fibrillation, lipid meta-
bolism disorders were used due to their strong correla-
tion with PH diagnosis. As PH patients have much
higher GP consultation frequency due to their PH treat-
ment, and higher consultation frequency can increase
the probability that other diagnoses will be documented,
we included consultation frequency per year in the
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FIGURE 1 Selection of study patients
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matching process. For the non-PH individuals, the index
date was that of a randomly selected visit between Jan-
uary 2005 and December 2018 (Figure 1).

Study outcomes and covariates

The main outcome of the study was the incidence of
cancer (ICD 10: C00-C99) in general and cancer of dif-
ferent organs including, lip, oral cavity, and pharynx
(ICD 10: C00-C14), digestive organs (ICD 10: C15-C26),
respiratory organs (ICD 10: C30-C39), skin (ICD 10: C43,
C44), breast (ICD 10: C50), female genital organs (ICD
10: C51-C58), male genital organs (ICD 10: C60-C63),
urinary tract (ICD 10: C64-C68), and lymphoid and he-
matopoietic tissue (ICD 10: C81-C96) as a function of PH.

Statistical analyses

Differences in the sample characteristics between those
with and those without PH were tested using x* tests for
categorical variables and Wilcoxon tests for continuous
variables. Hazard regression models were used to study
the association between the PH and cancer incidence.
These models were applied separately for different can-
cers. To counteract the problem of multiple comparisons,

p-values <0.01 were considered statistically significant.
Analyses were carried out using SAS version 9.4 (SAS
Institute).

Ethical standards

Only aggregated, anonymized patient data were used in
these analyses. This study was performed in accordance
with the Declaration of Helsinki, the guidelines for Good
Practice of Secondary Data Analysis,”* and the ICMJE
Recommendations for the Conduct, Reporting Editing and
Publication of Scholarly Work in Medical Journals. Since
only anonymized data were used, which could not be
traced back to individual persons, the research protocol
did not have to be approved by the local ethics committee,
and it was not necessary to obtain informed consent from
individual patients to participate in the study.

RESULTS
Basic characteristics of the study sample
The present study included 11,109 patients with PH and

11,109 patients without PH. The basic characteristics of
the study patients are displayed in Table 1. The mean age
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TABLE 1 Basic characteristics of the study sample (after 1:1 propensity score matching)

Proportion affected among
patients with pulmonary

hypertension (%)

Proportion affected among
patients without pulmonary
hypertension (%)

Variable N=11,109 N=11,109 p-value
Age (mean, SD) 70.9 (13.8) 70.8 (13.8) 0.821
Age <60 20.1 20.3 0.879
Age 61-70 19.6 20.0
Age 71-80 37.7 34.2
Age >80 25.6 25.5
Women 57.0 57.0 1.000
Men 43.0 43.0
Yearly consultation frequency 4.6 (4.8) 4.6 (4.8) 1.000
Diabetes 32.5 32.2 0.735
Obesity 14.2 14.4 0.598
Lipid metabolism disorders 41.3 42.2 0.227
Hypertension 68.1 67.2 0.233
Atrial fibrillation 25.3 25.5 0.795
Heart failure 32.6 32.4 0.675

Note: Proportions of patients are given in % unless otherwise indicated.

Abbreviation: SD, standard deviation.

of the PH group was 70.9 years (standard deviation [SD]: 30% == Pulmonary hypertension (N=11,109)

13.8), the mean age of the control group was 70.8 years . * Rolpimeneyypeenson ST BRY .

o 23.

(SD: 13.8, p=0.821, Table 1). In both groups 57% of
patients were women. On average, patients of both
groups visited their GPs 4.6 (SD: 4.8, p = 1.000) times per
year during the follow-up time. There were no significant
differences between PH and non-PH patients in terms of
specific comorbidities.

Association between PH and incidence of
cancer

Within 10 years of the index date, 23.2% of patients with
PH and 18.5% of non-PH patients had been diagnosed
with cancer (log-rank p < 0.001) (Figure 2). There were
2843 cancer cases per 100,000 patient years in PH and
2119 in non-PH patients.

Regression analyses revealed a significant association
between PH and the incidence of cancer (HR =1.30,
p <0.001 in total, HR =1.37, p < 0.001 in women, HR =
1.24, p = 0.002 in men). In the age-stratified analyses, this
association was only significant in patients aged 71-80
(HR=1.29, p<0.001) and aged >80 (HR=1.50,
p <0.001), but not in patients in the age groups <60 and
61-70 years (Table 2).

20%

15%

10%

log-rank p<0.001

Patients with cancer diagnosis (%)

5%

0% “—— :
0 1 2 3 4 5 6 7 8 9 10
Years since index date

FIGURE 2 Kaplan-Meier curves for time to cancer diagnosis
in patients with and without pulmonary hypertension

Association between PH and specific types
of cancer

Based on the striking association between PH and cancer
in general we hypothesized that this association might be
stronger in the case of specific disease etiologies such as
smoking-related cancers and therefore performed addi-
tional regression analyses to investigate this theory.
These analyses detected a significant association between
PH and two cancer types (Figure 3). The strongest as-
sociation was found for cancer of the respiratory organs
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TABLE 2 Association between pulmonary hypertension and the incidence of cancer diagnoses in patients followed in general practices
in Germany (Cox regression models) by age and sex

Incidence (cases per 100,000
patient years) among patients

Incidence (cases per 100,000

Cancer incidence patient years) among patients Hazard ratio

per group with pulmonary hypertension without pulmonary hypertension (95% CI) p-value
Cancer total 2843 2119 1.30 (1.18-1.43) <0.001
Age <60 1121 826 1.32 (0.98-1.78) 0.070
Age 61-70 2521 2032 1.20 (0.97-1.48) 0.091
Age 71-80 3591 2746 1.29 (1.11-1.50) <0.001
Age >80 4637 3122 1.50 (1.23-1.50) <0.001
Women 2521 1774 1.37 (1.19-1.57) <0.001
Men 3291 2587 1.24 (1.08-1.429 0.002

Cancertotal S — HR: 1.30(1.18-1.43); p<0.001
Respiratory organs ™ HR: 1.60 (1.14-2.25); p=0.007
Skin —_— HR: 1.48 (1.20-1.83); p=0.003
Urinary tract - HR: 1.35 (0.97-1.88); p=0.080
Male genital organs (men) R HR: 1.32 (0.97-1.80); p=0.077
Digestive organs excl. liver _— HR: 1.20 (0.92-1.56); p=0.179
Urinary tract —_—— HR: 1.12 (0.86-1.46); p=0.402
Lymphoidand hematopoietic tissue _—— HR: 1.12 (0.81-1.54); p=0.495
Breast(women) = HR: 1.08 (0.57-2.02); p=0.819
Female genital organs (women) : HR: 1.02 (0.55-1.90); p=0.951
Lip, oral cavity and pharynx = HR: 0.71(0.32-1.61); p=0.414

0 1

Hazard Ratio (HR)

FIGURE 3 Association between pulmonary hypertension and the incidence of cancer diagnoses in patients followed in general

practices in Germany (Cox regression models) by cancer type

(HR =1.60, p=0.007), followed by skin cancer (HR =
1.48, p <0.001). We did not identify any significant as-
sociations between PH and other cancer types.

DISCUSSION

We examined the association between PH and the oc-
currence of cancer in a retrospective, cohort-based design.
Using two age- and sex-matched cohorts of 11,109 patients
with PH and 11,109 patients without PH, we identified PH
as an independent risk factor for cancer development
within 10 years after initial diagnosis of PH. This sig-
nificant difference was driven by two cancer types: re-
spiratory cancers and skin cancers. Common risk factors
for PH and cancer such as obesity, diabetes, heart failure,
atrial fibrillation, and lipid metabolism disorders were
considered in the study design and were equally prevalent
in both cohorts after propensity score matching.

PH is a major problem, the incidence of which appears
to be increasing,'” and the mortality rate among those af-
fected is very high. An important paper by Wijeratne et al.
showed that the most common form of PH is Group 2
according to the Nice classification, alone or in combina-
tion with Group 3. A diagnosis of PH increased the 1-year
standardized mortality rate by a factor of 7.2. Interestingly,
in this survey PH was present in only 3.6% of subjects with
left heart failure, 0.7% of those with lung disease, and 1.4%
of those with thromboembolic disease.'” It is therefore
probably not prevalent enough to attribute the particularly
strong association between cancer and PH to chronic
thromboembolic disease with an undoubtedly increased
risk of pulmonary artery embolism in cancer.

It must be emphasized that our study shows a sta-
tistical association between PH and cancer and not a
specific causality. Nevertheless, we believe that the pos-
sible causal links between the two entities deserve closer
consideration.
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A causal relationship could exist as a result of the
phenomenon of pulmonary tumor embolism (PTE). This
term describes the occlusion of pulmonary capillaries by
contiguous tumor cells without the presence of pul-
monary metastases per se.'”'” The majority of PTE cases
to date have been reported in patients with adenocarci-
nomas, including liver, kidney, stomach, and urinary
bladder.” This does not explain the particular association
between this condition and respiratory and skin tumors
identified in our study.

There is also another entity that is distinguished from
PTE: PTTM, which is characterized by the presence of
pulmonary vascular tumor microembolic “nests” with
evidence of the activation of coagulation, obliterative
intimal proliferation, and ultimately PH.'® One common
feature is the presence of additional metastatic disease,
often with lymphangitic spread.” This entity could be one
of many reasons why we found a strong association be-
tween cancer and PH in our study especially in tumors of
the respiratory system. The mechanisms involved are not
yet fully understood at the molecular level, although it is
possible that tumor cells and endothelial cells interact
and initiate clot formation. Tumor-associated cytokines
such as vascular endothelial growth factor and platelet-
derived growth factor then lead to further activation of
macrophages and intimal proliferation ultimately re-
sulting in PH.® There is therefore a very unfavorable
cooperation between tumorigenic and vascular factors.

Another important aspect in this context could be the
possibility that it is not only cancer that leads to PH, but
also cancer therapies.'” Various mechanisms involving
both the lung parenchyma (pulmonary fibrosis) and the
pulmonary vessels have been discussed in the literature.
First and foremost, the cardiotoxic effect of various
chemotherapeutic agents must certainly be mentioned.
Group 2 PH is one of the most common forms of PH.
Traditional chemotherapeutic agents, such as anthracy-
clines, and newer targeting drugs such as monoclonal
antibodies have been connected with cardiotoxicity.””
Alkylating chemotherapeutic agents, especially cyclo-
phosphamide, cause direct damage to pulmonary en-
dothelial cells. Cyclophosphamide is involved in a wide
range of solid tumor treatment regimens, including
melanomas.”"*” Alkylating agents may promote injury of
pulmonary endothelial cells through DNA cross-linked
inhibition of cell proliferation and repair capacity of en-
dothelial cells,"” triggering a cascade that ultimately re-
sults in PH. Many other mechanisms may be involved,
and much mechanistic study remains to be done to elu-
cidate the complex interactions between cancer and PH.
Studies like ours could help to generate hypotheses and
to ensure that PH, an important and highly prognostic

complication, is considered and tested for in cancer
patients.

Our study is subject to a number of limitations, which
are unavoidable due to the database analysis and the
study design. Firstly, we cannot exclude the possibility
that diagnoses have been misclassified or that their
coding is missing within the ICD-10 coding system.
Furthermore, due to data protection guidelines, the
German Disease Analyzer Database does not contain
laboratory analyses or information on patient lifestyle or
socioeconomic status. Our database, based on the input
of patient data by general practitioners, does not capture
a specification regarding the individual groups of PH, so
that the individual groups could not be correlated with
the different types of cancer, which would certainly have
been very interesting and informative. We cannot pro-
vide data on mortality or possible specific therapies for
PH and/or cancer. However, the database provides a
good overview of GP consultations in Germany and the
identification of PH as an independent risk factor for the
development of cancer may be important for the initia-
tion of further studies on this issue.

In summary, cancer is a particularly significant co-
morbidity in PH patients. The care of cancer and PH
patients must take this comorbidity into account to a
greater extent, especially if we wish to further extend the
lifespans of these patient groups.
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