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Abstract

Background: Cancer and pulmonary circulation disorders represent increasingly inter-
secting clinical entities. The prevalence of malignancy in patients with pulmonary hyper-
tension (PH), particularly those with chronic thromboembolic pulmonary hypertension
(CTEPH), is higher than in the general population. Moreover, cancer and antineoplastic
therapies have been implicated in the development of PH through multiple mechanisms.
Methods: We performed a systematic review and meta-analysis of the literature focusing
on the prevalence of cancer in patients with PH. Mortality incidence and mortality risk
were also evaluated for patients with PH with or without cancer. Specific sub-analyses
for patients with CTEPH were also performed. Finally, we evaluated the prevalence of
PH and its risk of mortality in patients with cancer. Results: Overall, 12 studies including
4402 patients were selected in the quantitative analysis. All the included studies had an
observational design. The prevalence of cancer in patients with any PH group was 13%
(95% CI: 11-16%); mortality incidence in patients with any PH group and cancer was 41%
(95% CI: 26-58%), compared to 10% (95% CI: 1-48%) in those without cancer. The asso-
ciation was even stronger when considering only patients with CTEPH, with a mortality
incidence of 4% (95% CI: 2-9%) in those without cancer compared to 19% (95% CI: 8-37%)
in patients with cancer (p for difference: <0.01). Finally, prevalence of any PH group in
patients with cancer was 22% (95% CI: 15-31%). Conclusions: We observed a possible
correlation between PH and cancer, with a significant impact on mortality in patients with
PH, particularly those with CTEPH. This association suggests the need for a close clinical
surveillance for early detection of cancer and PH.

Keywords: pulmonary hypertension; PH; chronic thromboembolic pulmonary hypertension;
CTEPH; pulmonary circulation; cancer; malignancy; myeloproliferative neoplasm;
MPN; mortality

1. Introduction

Pulmonary hypertension (PH), with its heterogeneous clinical presentations, can be
suspected by a peak tricuspid regurgitant velocity (TRV) > 3.4 m/s in echocardiography
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and is defined by a mean pulmonary arterial pressure (mPAP) > 20 mmHg by right heart
catheterization (RHC). Its prevalence is estimated to be around 1% of the global population,
even more in individuals aged over 65 years, due to the growing incidence of cardiac and
pulmonary causes of PH [1].

PH can be divided into groups of pre-capillary, post-capillary, or combined pre- and
post- capillary forms, according to the underlying pathophysiological mechanisms, clinical
presentation, hemodynamic characteristics, associated diseases, and management. This
enables classification into five distinct subgroups: group 1. Pulmonary arterial hypertension
(PAH); group 2. PH associated with left heart disease (LHD); group 3. PH associated with
lung diseases and/or hypoxia; group 4. PH associated with pulmonary artery obstruction
(namely, chronic thromboembolic pulmonary hypertension, CTEPH); group 5. PH with
unclear or multifactorial mechanisms [2].

The link between PH and both solid and hematological malignancies (and their re-
spective treatments) has steadily grown in relevance in the last years [3—6]. Some obser-
vational studies showed a significantly increased incidence of malignancies (up to 14.5%;
95% CI: 10.7-18.2%) in patients with pre-capillary PH [7]; this association poses chal-
lenges to management and adversely affects the outcomes. This was particularly relevant
for patients with CTEPH, with a high prevalence of malignancies and mortality driven
more by this association than by PH itself in some studies, with a reported HR of 4.83
(95% CI: 2.27-10.27) for patients with CTEPH and a history of cancer compared to those
without [8-10].

The pathophysiology of cancer-associated PH is complex, heterogenous, probably
underreported, and not fully clarified [11]. In solid tumors, the very well-established
association between thromboembolism and cancer represents one possible explanation.
However, several less recognized mechanisms may also contribute to the development
of PH in this population, including tumor invasion (i.e., angiosarcoma), vascular com-
pression, tumor-related macro- and micro-emboli, tumor thrombotic microangiopathy,
which shares pathophysiological similarities with PAH, and pulmonary veno-occlusive
disease (PVOD) [12]. In a French registry, PH was associated with a prevalence of 1.3%
of myeloproliferative neoplasms (MPNs), one third group 4 and two thirds group 5, and
the long-term outcomes were poorer in these patients [13]. Cancer treatment itself can
contribute to PH development. With different therapies, all PH subgroups have been
described: the high incidence of PH with dasatinib, for example, is emblematic for the
tyrosine kinase inhibitors (TKIs) group [14].

Accordingly, increasing research interest has focused on investigating the relation-
ship between malignancies and the pulmonary vasculature, trying to elucidate potential
associations among cancer, antineoplastic therapies and PH; nevertheless, the evidence to
date remains limited to observational studies, often leading to discordant results. Thus,
the aim of this systematic review and meta-analysis was to provide an up-to-date, compre-
hensive estimate of the association between PH and cancer by pooling the results of the
available studies in the field. The main focuses were to assess the prevalence of cancer in
patients with PH, the prevalence of PH in patients with cancer (particularly hematological
malignancies), and their impact on patients’ mortality.

2. Materials and Methods

We conducted a systematic review and meta-analysis according to the Preferred
Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) guidelines [15] (see
the PRISMA Checklist).

As a study-level analysis, no ethical approval was needed. The study protocol of this
meta-analysis was registered on PROSPERO (CRD420251053635).
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2.1. Search Strategy

A systematic literature search was carried out in Embase, MEDLINE, and the Cochrane
Central Register of Controlled Trials (CENTRAL) from inception to 1 October 2025, for
randomized controlled trials (RCTs), prospective, and retrospective cohort studies. The
complete search strategy is available online (Supplementary Materials). To complement
our search, all references from selected studies were retrieved and manually reviewed. No
language restriction was applied.

2.2. Eligibility Criteria

Studies were considered eligible if their patient population consisted of adults with
diagnosis of PH (any group) and cancer, both solid and hematological. Cohort studies and
RCTs were included in the literature search. Prospective and retrospective cohort studies
were considered eligible. Each study was required to be available in full text and comprise
at least 20 patients. Epidemiological studies based on ICD codes, review articles, and case
reports were excluded, as well as those studies presenting a cross-sectional design.

2.3. Study Outcomes

We evaluated the prevalence of cancer, both solid and hematological, in patients with
PH. Mortality incidence and mortality risk were also evaluated for patients with PH with
or without cancer. Specific subanalyses for patients with PH group 4 were also performed.
Finally, we evaluated the prevalence of PH and its risk of mortality in patients with cancer.

If a homogeneous definition of PH was not provided, definitions of each included
study were used; therefore, in the absence of a clear description of cancer activity across
the included studies, the distinction between active and previous cancer was not possible.

2.4. Study Selection, Data Extraction, and Quality Assessment

Retrieved studies were imported into Rayyan QCRI management software (https:
/ /rayyan.qcri.org, accessed on 1 October 2025). After removal of duplicates, two authors
worked independently (FC, AP) for the initial screening of titles and abstracts and then
perused the full texts to confirm the eligibility of studies at a second stage. A third author
(EV) was consulted to resolve any discordance regarding eligibility of studies. A predefined
spreadsheet was created, where two authors (FC, AP) independently extracted data from
eligible studies.

A pilot test was performed before the formal initiation of data extraction to ensure
coherence. Possible disagreements were resolved by consensus or by discussion with a third
review author (EV). Data concerning first author’s name, year of publication and design for
all the eligible studies, as well as population characteristics and outcomes were extracted.
Two authors (FC, AP) independently evaluated the quality of the studies, according to the
Newcastle-Ottawa Scale (NOS) for cohort studies [16].

2.5. Strategy for Data Synthesis

Pooled estimates with their 95% confidence intervals (Cls) were obtained using a
random-effects model based on the inverse variance approach, with the DerSimonian—
Laird method applied to estimate t?. Similarly, pooled odds ratios (ORs) and corresponding
95% Cls were derived through a random-effects model using the Mantel-Haenszel method.
The Sidik-Jonkman approach was adopted for t? estimation, and the Hartung-Knapp ad-
justment was implemented for the random-effects model. When studies included zero cell
counts, a continuity correction of 0.5 was applied. Heterogeneity was evaluated according
to the following 12 thresholds: (i) 0-40% suggesting minimal or no heterogeneity, (ii) 30-60%
indicating moderate heterogeneity, (iii) 50-90% reflecting substantial heterogeneity, and
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(iv) 75-100% representing considerable heterogeneity. Nonetheless, the interpretation of
I values also considered the effect size direction, magnitude, and strength of evidence
for heterogeneity. Publication bias was explored by visual inspection of funnel plots of
logit-transformed proportions against their standard errors, with funnel plot asymme-
try evaluated using Egger’s test. Statistical analysis was conducted in RStudio (version
1.2.5001) using the “meta” and “forest” packages.

3. Results
3.1. Systematic Review of the Literature

We identified 3598 potential studies and eventually included in the systematic review
and quantitative analysis a total of 12 studies. The process of study selection is described
in Figure 1. All the included studies were observational (n = 12; 4402 patients), with
eight retrospective (2478 patients) and four prospective studies (1924 patients). The char-
acteristics of the studies included in the meta-analysis are listed in Table 1. The mean age
of patients in individual studies ranged from 57 to 73 years. A total of 1927 patients had
cancer, and 3111 had PH (group 1 = 34, group 3 =9, group 4 = 2065, unspecified = 1003).
Other key study characteristics used in the individual studies are summarized in the
Supplementary Materials (Tables S1 and S2). The quality assessment of the included stud-
ies is shown in Table S3. We graded no study as low-quality, seven studies as moderate-
quality, and five as high-quality studies. Finally, funnel plots for the study outcomes are
shown in Figure S1.
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Figure 1. Study selection process according to the search strategy.
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Table 1. Characteristics of the included studies.

Author, Year N Cancer Type of PH Study Design Women, % Age, Years (Mean + SD)
Bae S, 2020 [17] 390 390 107 PH patients fﬁﬁ;’ff;ig; _ PH.B6%  PH@9 LS
Bonderman D, 2009 [18] 687 64 433 PH patients type 4 lzgggff:;:g’; - }
Bravos E, 2019 [7] 346 50 39415)1_?1:251?;;%’[551:;};?;31 Prospective _ .
7 patients type 4 cohort study
Dodson MW, 2022 [19] 248 45 91 PH patients type 4 szslﬁe;i‘éey _ ~
Fujii H, 2025 [20] 264 47 264 PH patients type 4 lif,ﬁé’fffﬁévye 74.6% &7+ 12
levaO 021l 17 17 wPHpatens  GOREGR b oren non-PH:71
LevaO,2025(22) 555 5% 15PHpatens  (GOCEER TS nonbiies £7
T N T e v R ML i
Mattar MM, 2016 [24] 60 60 7 PH patients szslze;i‘é; - _
Nakamura J, 2024 [8] 1270 134 1270 PH patients type 4 Czﬁ’gﬁesctz‘g; 70.7% 67 + 13
wpcamE mm amee SR SR
e R T e 1 O

PH: pulmonary hypertension.

3.2. Study Outcomes
3.2.1. Cancer Prevalence in Patients with PH

Data on the prevalence of cancer in patients with PH were available from five studies

(n =2404), as shown in Figure 2. The prevalence among the patients with PH group 4 was
13% (95% CI: 10-17%), whereas the prevalence among those with any PH group was 14%
(95% CI: 11-19%), with an overall prevalence of 13% (95% CI: 11-16%; 12 = 68%; t2 = 0.05).

PH4

Bonderman D, 2009
Dodson MW, 2022
Fujii H, 2025
Nakamura J, 2024

Mixed population
Bravos E, 2019

Overall, 12 68%

Test for subgroup differences, p= 0.62

n/N
53/433
13/91
47/264
134/1270
247/2058 -
50/346
297/2404 -
0 10 20

ES (95% Cl)

12 (9 to 16)

14 (9 to 23)
18 (14 to 23)

11 (9 to 12)
13 (10 to 17)

14 (11 to 19)

13 (11 to 16)

Figure 2. Prevalence of cancer in patients with PH. Included studies: Bonderman D, 2009 [18];
Dodson MW, 2022 [19]; Fujii H, 2025 [20]; Nakamura J, 2024 [8]; Bravos E, 2019 [7].
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3.2.2. All-Cause Mortality Incidence in Patients with PH

Data on the incidence of all-cause mortality in patients with any PH group were
available from seven studies (1 = 2294), as shown in Figure 3. The incidence among the
patients with PH and cancer was 41% (95% CI: 26-58%), whereas the incidence among
those with PH without cancer was 10% (95% CI: 1-48%), with an overall incidence of 20%
(95% CI: 12-32%; I? = 98%,; t> = 1.11).

n/N ES (95% CI)

Patients with cancer
Bae S, 2020 51/107 - 48 (38 to 57)
Bravos E, 2019 35/50 > 70 (56 to 81)
Fujii H, 2025 13/47 e 28 (17 to 42)
Leiva O, 2023 58/92 63 (53 to 72)
Leiva O, 2025 108/195 55 (48 to 62)
Nakamura J, 2024 17/134 e 13 (8 to 19)
Suolitiken D, 2025 4/20 20 (8 to 42)

286/645 - 41 (26 to 58)
Patients without cancer
Bravos E, 2019 115/296 : 39 (33 to 45)
Fujii H, 2025 14/217 6 (4to11)
Nakamura J, 2024 34/1136 3(2to4)

163/1649 — 10 (1 to 48)
Overall, 12 98% - 20 (12 to 32)
Test for subgroup differences, p= 0.11

—r T 1 1

0 20 40 60 80

Figure 3. Incidence of all-cause mortality in patients with PH with or without cancer. Included
studies: Bae S, 2020 [17]; Bravos E, 2019 [7]; Fujii H, 2025 [20]; Leiva O, 2023 [21]; Leiva O, 2025 [22];
Nakamura J, 2024 [8]; Soulitiken D, 2025 [26].

Finally, data on the incidence of all-cause mortality in patients with PH group 4 were
available from 2 studies (n = 1534), as shown in Figure S2. The incidence among the
patients with PH group 4 and cancer was 19% (95% CI: 8-37%), whereas the incidence
among those with PH group 4 without cancer was 4% (95% CI: 2-9%), significantly lower
(p for difference: < 0.01). The overall incidence of the two groups was 9% (95% CI: 3-23%;
12 = 95%; t = 1.13).

3.2.3. All-Cause Mortality Risk in Patients with PH

Data to assess the risk of all-cause mortality in patients with PH and cancer were
available from three studies (n = 1880), as shown in Figure 4. Patients with any PH group
and cancer showed a significantly higher mortality risk compared to those without cancer
(RR: 1.80; 95% CI: 1.43-2.27). Results remained consistent when studies including patients
with PH group 4 were analyzed separately (RR: 4.26; 95% CI: 3.97-4.57; 12 = 0%; t> < 0.01).
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Patients with cancer Patients without cancer RR (95% CI)

PH4
Fujii H, 2025 13/47 14/217 4.29 (2.16 t0 8.51)
Nakamura J, 2024 17/134 34/1136 4.24 (2.44 10 7.38)

30/181 48/1353 . 4.26 (3.97 to 4.57)
Mixed population
Bravos E, 2019 35/50 115/296 1.80 (1.43 t0 2.27)
Overall, 12 83% 65/231 163/1649 —— 2.99 (0.82 to 10.84)
Test for subgroup differences, p-value = 0.001

0 2 4 6 8 10

Figure 4. Risk of all-cause mortality in patients with PH with vs. without cancer. Included studies:
Fujii H, 2025 [20]; Nakamura J, 2024 [8]; Bravos E, 2019 [7].

3.2.4. PH in Patients with Cancer and PH-Related Mortality in Patients with Cancer

Data on the prevalence of any PH group in patients with cancer were available from
seven studies (n = 1587), as shown in Figure 53, with a proportion of 22% (95% CI: 15-31%;
12 = 93%; t? = 0.37).

Finally, data to assess the risk of all-cause mortality in patients with cancer and any
PH group were available from four studies (n = 1272), as shown in Figure S4. Patients with
cancer and any PH group showed a trend towards higher mortality risk compared to those
without PH (RR: 2.27; 95% CI: 0.76-6.83; 12 = 63%; t* = 0.45).

3.3. Publication Bias

The visual assessment of the funnel plot did not identify a publication bias for mortality
(t = —0.45; df = 8; p-value = 0.67). Due to the limited number of studies, it was not possible
to perform Egger’s test for the other outcomes.

4. Discussion

The results of this study provide the first comprehensive summary of the current
evidence on the association between PH and cancer, with a specific focus on mortality.
According to our findings, the prevalence of cancer among patients with PH exceeds 10%.
The epidemiological study of Roderburg et al. found a significant HR of 1.3 (up to 1.5
in individuals aged 80 years and over) for the association between ICD-diagnosed PH
and cancer in 11,109 patients with PH [27]. In our study, patients diagnosed with CTEPH
and cancer exhibited a significantly higher mortality incidence compared to those with
CTEPH alone. This finding further strengthens the consistency of mortality risk evaluation,
both for the overall cohort of PH patients and the specific subgroup of CTEPH, by com-
paring those with an oncological diagnosis to those without. These results reinforce the
hypothesis that cancer represents an independent risk factor for mortality in patients with
CTEPH [28-31], thereby supporting the assumption that these individuals may represent a
distinct population with unique characteristics and may therefore benefit not only from
usual screening strategies but probably from a more aggressive approach and monitoring
to seek for the presence of cancer. In addition, the development of PH in oncologic patients
should be more carefully monitored, as they may benefit from early diagnosis and the
timely initiation of specific therapies.
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With regard to malignancy, it was not possible to perform dedicated subgroup analyses
since information concerning cancer type, stage, activity, and treatment was available from
only a limited number of studies, with very heterogenous characteristics. Nevertheless,
prior epidemiological studies tried to address this issue and, despite inherent limitations
related to the use of ICD-based definitions, malignancies that appeared to be most fre-
quently associated with PH were airways and dermatologic tumors [27]. A small study
investigated 346 patients with pre-capillary PH without history of current malignancy or
previous chemotherapy, detecting an overall cancer incidence of nearly 15%, with lung
cancer accounting for 36% of cases, gastrointestinal malignancies for 32%, and hemato-
logic neoplasms for 12% [7]. These findings are only partially consistent with the concept
of pulmonary tumor embolism, defined by the obstruction of pulmonary capillaries by
tumor cells, without overt pulmonary metastases mostly reported in patients with adeno-
carcinomas, including those of liver, kidney, stomach, and urinary bladder [32,33]. This
underscores that the relationship between PH and cancer remains incompletely understood,
highlighting the need for further research to clarify the pathophysiological mechanisms
connecting these two conditions.

Finally, our study highlighted a high prevalence of PH among patients with hematolog-
ical malignancies, particularly MPNs, exceeding 20%. Moreover, the presence of PH in this
population appears to be associated with a trend toward increased risk of mortality. The
reasons underlying such a high prevalence of PH in this population are multiple and only
partially clarified, such as splenomegaly that can lead to porto-pulmonary hypertension
and extramedullary hematopoiesis that predisposes to high-output heart failure. Patients
with MPNs are at increased risk of developing both pre-capillary (group 4 and 5) and post-
capillary (group 2) PH, given the high prevalence of heart failure [13,21,34,35]. Particular
attention should be given to CTEPH, which appears to be particularly associated with
polycythemia vera and essential thrombocythemia [13]. Patients with MPNs who develop
PH appear to be at increased risk of mortality due to a higher likelihood of progression
to myelofibrosis and leukemic transformation [21,36,37]. In addition, PH in this setting
seems to be associated with a globally increased risk of major adverse cardiovascular events
(MACES). In this population, the management of PH is supported by limited evidence and
is often challenging to implement. Moreover, PH may restrict the use of standard oncologic
therapies, while certain cancer treatments themselves can contribute to the development or
worsening of PH.

Our study presents several limitations that need to be addressed. First, the design of
the included studies, which are exclusively observational and mostly single-center and
retrospective, may have influenced the overall results: in particular, the high prevalence of
cancer in patients with PH may reflect a selection bias related to the closer medical surveil-
lance of this population; second, in the vast majority of the included studies, the diagnosis
of PH relied on echocardiography rather than RHC, thus reflecting only a probabilistic
assessment of PH and potentially leading to misclassification and overestimate of PH itself;
third, only a limited number of studies provided information on cancer characteristics,
differentiating between active and inactive cancers, which precluded the possibility of
performing dedicated subgroup analyses with distinct results; fourth, due to the paucity of
studies reporting data on different PH groups, specific subanalyses were only possible for
CTEPH: this may limit the generalizability of our findings for such a heterogeneous disease.
On the other hand, based on a rigorous methodology and strict inclusion criteria, our study
is the first systematic review and meta-analysis to synthesize all available evidence on the
association between cancer and PH, providing the most recent and complete knowledge
on a topic of increasing clinical interest.
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Given these considerations, how can robust and conclusive evidence in this field be
generated in the future? Reliable non-invasive methods are needed to diagnose PH, as
many patients never undergo RHC: in the study by Ferrari et al. the overall incidence of PH
in patients with MPNs was 35%, which dropped to 7.2% when RHC was performed [38].
In addition, standardized definitions of past and current malignancies, including type and
staging, are essential. Finally, a comprehensive work-up is critical to identify the primary
cause of PH, taking into account comorbidities and cancer therapies, in order to guide
timely and appropriate management.

In conclusion, our findings suggest a potential association between pulmonary hyper-
tension, particularly CTEPH, and cancer, which could represent an additional risk factor
for mortality. These results are hypothesis-generating and warrant further investigation
to establish a definitive association. These patients may therefore constitute a high-risk
population who could benefit from closer surveillance for early cancer detection. Moreover,
individuals with hematologic malignancies, especially MPNs, show a high prevalence of
PH and a predisposition to adverse outcomes, highlighting the necessity of a multidisci-
plinary approach to manage both the malignancy and its associated complications. Large,
well-designed prospective studies are needed to provide definitive evidence, refine risk
stratification, and guide the multidisciplinary management of these patients.
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