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ABSTRACT

Background Cancer is one of the leading causes of death
worldwide, and cardiopulmonary comorbidities may further
adversely affect cancer prognosis. We recently described
lung cancer-associated pulmonary hypertension (PH) as

a new form of PH and comorbidity of lung cancer. While
patients with lung cancer with PH had significantly reduced
overall survival compared with patients without PH, the
prevalence and impact of PH in other cancers remain
unclear.

Methods In this retrospective, observational cohort study,
we analysed the prevalence and impact of PH on clinical
outcomes in 1184 patients with solid tumours other than
lung cancer, that is, colorectal, head and neck, urological,
breast or central nervous system tumours, using surrogate
markers for PH determined by CT.

Results PH prevalence in this cohort was 10.98%. A

Cox proportional hazard model revealed a significant
reduction in the median survival time of patients with
cancer with PH (837 vs 2074 days; p<0.001). However,
there was no correlation between pulmonary metastases
and PH. A subgroup analysis showed that PH was linked
to decreased lung and cardiac function. Additionally,

PH was associated with systemic arterial hypertension
(p<0.001) and coronary artery disease (p=0.014), but not
emphysema.

Conclusions In this study, fewer patients with cancer had
surrogate parameters for PH compared with previously
published results among patients with lung cancer.
Consequently, the prevalence of PH in other cancers might
be lower compared with lung cancer; however, PH still has
a negative impact on prognosis. Furthermore, our data
does not provide evidence that lung metastases cause

PH. Thus, our results support the idea that lung cancer-
associated PH represents a new category of PH. Our
results also highlight the importance of further studies in
the field of cardio-oncology.

INTRODUCTION
Cancer is a global health concern, as it is
one of the most common causes of death

1,2,3

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Our previous studies have shown that lung cancer-
associated pulmonary hypertension (PH) is a new
form of PH and has a major impact on progression-
free and overall survival.

WHAT THIS STUDY ADDS

= This study shows the prevalence of PH in can-
cers such as colorectal, urological, head and neck,
breast, and central nervous system cancers; PH
seems to have a negative impact on prognosis for
all of the above cancers.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study shows the prevalence of PH in can-
cers such as colorectal, urological, head and neck,
breast, and central nervous system cancers. PH ap-
pears to have a negative impact on prognosis in all
of the above cancers.

worldwide." Despite various promising
therapeutic improvements during recent
decades, prognosis remains poor for many
tumour types. Current cancer treatments
rely on multimodal therapeutic strategies,
which have improved the survival of patients
afflicted with various cancer types over the
last 10 years.2 ’ However, in clinical prac-
tice, patients with cancer often present with
one or several comorbidities rather than an
isolated tumourous disease. In particular,
cardiovascular and pulmonary comorbidities
may limit therapeutic options and negatively
impact a patient’s physical fitness, quality of
life and prognosis.*™” Unfortunately, little is
known about the interplay of these comor-
bidities with the heterogeneous nature of
oncological illnesses.* " Notably, pulmonary
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hypertension (PH) shares many similar cellular and
molecular signalling pathways with cancers.'™* PH is
characterised by an increase in both pulmonary vascular
resistance and afterload of the right ventricle, ultimately
resulting in right heart failure.”™" Patients with PH often
present with symptoms such as exercise intolerance and
dyspnoea.'® However, the concept of PH as a comorbidity
in the context of cancer is relatively new.'’ '

Previous studies by our group provided clinical, histo-
pathological and experimental evidence for the exis-
tence of a special category of PH associated with lung
cancer. Regrettably, patients with lung cancer with PH
have significantly worse clinical outcomes compared with
patients without PH. We previously reported that 23% of
all patients with lung cancer had concomitant PH, but
the prevalence and impact of PH on tumours other than
those of the lung remain unclear. We previously postu-
lated that the interaction between lung cancer cells and
immune cells in the tumour microenvironment exacer-
bates inflammation and promotes vascular remodelling,
which is the primary underlying pathogenic mechanism
for the manifestation of PH. Our analysis of human lung
cancer tissue has shown that the presence of macrophages
and lymphocytes in the perivascular compartment has
increased significantly, confirming this. Of note, in our
mouse models injected with tumour cells and lacking
functional T cells, B cells, natural killer cells, functional
macrophages and dendritic cells, the occurrence of PH
was significantly inhibited. These results support the
hypothesis that the inflammatory microenvironment in
lung cancer is the primary driving force behind the devel-
opment of observed PH.'® The aim of this study was to
extend this concept to other tumour entities while inves-
tigating whether patients with pulmonary metastases or
cancer in general also present with signs of PH similar to
those seen in patients with lung cancer.

Furthermore, the diagnosis of cancerrelated PH is
complex and often only made postmortem. Moreover,
evidence for this form of PH is very limited and has often
depended on case reports or series. Previously, cancer-
related PH has been attributed mainly to pulmonary
tumour microembolisms, pulmonary tumour throm-
botic microangiopathy or tumour-driven vascular occlu-
sion as well as the aforementioned microenvironmental
inflammation. To our knowledge, no study has previously
addressed whether PH is associated with cancers other
than lung cancer or with pulmonary metastasis. Thus,
we investigated the prevalence of PH co-occurrence with
tumour types other than lung cancer, possible comorbid-
ities contributing to the PH manifestation and its impact
on clinical outcome.

MATERIALS AND METHODS

Study design and cohort

We investigated the prevalence of PH in patients with
cancer in a non-interventional observational retro-
spective registry trial. This study enrolled 1184 patients

with cancer of a single tertiary care centre in Germany
(University Hospital Giessen cancer centre). All patients
were enrolled during the years of 2017-2020 and
followed up in a longitudinal manner until January 2023.
Our cohort comprised 1184 patients with the following
cancer types: 360 (30.41%) with gastrointestinal cancer
(GIC), 423 (35.73%) with head and neck cancer (HNC),
198 (16.72%) with urological cancer (UROC), 154
(18.01%) with breast cancer (BC) and 49 (4.14%) with
central nervous system cancer (CNSC). We included all
patients with these conditions who received their initial
diagnosis at our centre during the respective years and
had an available CT scan usually with iodine contrast
administration of the thorax for pulmonary artery (PA)
size and ascending aorta (A) assessment. The GIC patient
group included patients with oesophageal cancer (n=67),
gastric cancer (n=76), small bowel cancer (n=12) and
colorectal cancer (n=205). The HNC group included
oral cavity carcinoma (n=115), nasal cavity carcinoma
(n=18), nasopharyngeal carcinoma (n=12), oropharyn-
geal carcinoma (n=148), hypopharyngeal carcinoma
(n=113) and salivary gland carcinoma (n=17). The UROC
group included renal cell carcinomas (n=94), ureteral
carcinomas (n=3), bladder carcinomas (n=82), prostate
carcinomas (n=15) and testicular carcinomas (n=4). CNS
cancer patients were glioblastoma (n=43), astrocytoma
(n=2), meningioma (n=1), ependymoma (n=1) and CNS
haemangioblastoma (n=2). All patients were at least 18
years old and received their first diagnosis of cancer,
staging, subsequent diagnostic workup and initial treat-
ment at our tertiary care centre. Datasets were retrieved
using the Giessener Tumordokumentationssystem, that
is, our centre’s standard tumour documentation system,
as well as the standard clinical routine documentation
software MEONA. All data were obtained from results of
routine diagnostic procedures and follow-ups as well as
patient records and were stored in a database. Clinical
outcomes were tracked based on the time until the last
documented clinical follow-up or death of a patient.

CT scans and PA/A ratio assessment

All participants received their CT scans as part of their
routine tumour staging prior to therapy initiation. CT
scans were performed using a standardised technique
(reconstructed slice thickness of 1mm for lung kernel
and 3 mm for soft tissue kernel) and usually obtained with
the administration of intravenous contrast material. Two
trained radiologist determined tumour stage, pulmo-
nary metastasis status and tumour progression by using
Response Evaluation Criteria In Solid Tumours. The
diameter of each of the PA/A was measured based on
axial CT images using a Picture Archiving and Communi-
cation System (PACS) workstation (INFINITT PACS 3.0,
INFINITT Healthcare, Seoul, South Korea). The diam-
eter of the main PA was measured at its bifurcation and
the ascending aorta was measured at its maximum diam-
eter. The aforementioned arterial diameters were then
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used to calculate the PA/A ratio; PH was indicated if the
ratio was >1, which correlates with invasively measured
PA pressure and hence suggests PH. This technique has
been extensively used and validated as a reliable surro-
gate parameter for PH in the past.'*™

Classification of emphysema, coronary artery disease and
systemic arterial hypertension

Two experienced radiologists confirmed or ruled out
emphysema based on the aforementioned initial CT
scans. Likewise, a diagnosis of coronary artery disease
(CAD) was also based on CT scans of the thorax.?* %
Moreover, systemic arterial hypertension was classified as
uncontrolled blood pressure at the time of cancer diag-
nosis as defined by the most recent European Society of
Cardiology guidelines®® or a pre-existing treatment with
antihypertensive medication.

Echocardiography and assessment of lung function
Echocardiography was routinely performed by an expe-
rienced cardiologist at our university hospital and was
performed at the time of initial cancer diagnosis. All
lung function measurements were also conducted at our
centre.

Statistical analysis

The entire statistical analysis was calculated by using
SPSS software V.28.0 and R (V.4.3, R Foundation for
Statistical Computing, Vienna, Austria). We applied t-test
and 2 test when appropriate and after appropriate trans-
formation of the data. P values were Bonferroni-Holm
adjusted for multiple testing where necessary. P values of
less than 0.05 were considered statistically significant. A
Cox proportional hazard model was used to assess the
impact of the PA/A ratio on survival controlling for age,
sex and Union for International Cancer Control stage of
the patients. Details of the survival models are given in
online supplemental cox models. Survival is visualised
with Kaplan-Meier curves.

Patient and public involvement

Due to the retrospective nature of this study, patient
and public involvement in the planning or design of this
study was not possible. The findings of this research will
be made accessible to the public, including study partic-
ipants, owing to the open-access nature of the journal in
which it will be published.

RESULTS

Increased PA/A ratio is associated with the general clinical
characteristics of GIG, HNC, UROC and BC

We investigated 1184 patients with cancer comprising 360
patientswith GIC, 423 patientswith HNC, 198 patients with
UROG, 49 patients with CNSC and 154 patients with BC.
Table 1 summarises the baseline demographics, smoking

status, pack-years, brain natriuretic peptide (BNP) levels,
cancer type, tumour, node, metastasis classification, stage
(per Union for International Cancer Control (UICC)),
performance status and status of pulmonary metastases
of the study cohort. All calculations were performed for
the entire group of patients with cancer and separately
for each cancer subgroup. The diameter of each of the
PA/A was measured from images acquired with baseline
CT scans, revealing that 130 of the 1184 (10.98%) patients
with cancer had a PA/A ratio of greater than 1. We
assumed that a PA/A of >1 indicated PH, as this ratio is a
well-established surrogate parameter.'” Specifically, the
ratio was >1 for 44 of 360 (12.2%) GIC, 31 of 423 (7.3%)
HNGC, 30 of 198 (15.2%) UROC, 6 of 49 (12.2%) CNSC
and 19 of 154 (12.34%) BC patients. Further comparison
of baseline patient characteristics between the PA/A<1
group and the PA/A>1 group revealed no statistically
significant difference with regard to age. There were
more female patients with PA/A>1 in the entirety of all
patients (p<0.001) as well as for the UROC (p<0.001),
CNS (p=0.950) and BC groups (p>0.999). Neverthe-
less, it is important to note that the total study cohort
comprised a substantially smaller number of female than
male patients. Patients within the group PA/A>1 did not
differ concerning smoking status or pack-years. However,
they had significantly higher levels of BNP for the entire
group of patients (p=0.042). Furthermore, they appeared
to have a worse Eastern Cooperative Oncology Group
performance status, than patients within the PA/A<1
group. This was again observed for the entire group of
patients (p<0.001) as well as for the GIC (p=0.001) and
the UROC subgroups (p=0.007). Additionally, distant
metastases were more prevalent among patients with PA/
A>1 for the UROC subgroup (p=0.018). Finally, UICC
stage and N stage were significantly different within the
BC subgroup (p=0.003). The presence of pulmonary
metastases did not differ significantly between patients
with and without PA/A>1.

PA/A ratio significantly correlates with PA systolic pressure
We further conducted a correlation analysis for PA
systolic pressure (PASP) and PA/A ratio for 223 patients
for whom echocardiography results were available at the
time of cancer diagnosis. This calculation was used to
validate PA/A ratio measurements based on baseline CT
scans, as not all patients had available PASP data at initial
cancer diagnosis. We were able to demonstrate a positive
correlation between PASP and PA/A ratio for all patients
with cancer (figure 1A, n=223, p<0.001) as well as for GIC
(figure 1, n=85, p<0.001), HNC (figure 1, n=82, p<0.001)
and BC (figure 1, n=15, p=0.034). However, there was no
such correlation for UROC (figure 1, n=41, p=0.283).
For all patients, the mean PASP for the PA/A>1 group
was 39.50+11.47mm Hg compared with 30.11+8.29 mm
Hg for the PA/A<I group. Results are not shown for the
CNSC subgroup owing to the small number of patients
with this cancer type.
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Continued

Table 1

Overall

BC

CNS

UROC

HNC

GIC

CNS
UROC P
value P value value value

HNC
P

Overall

BCP

GIC P
value

PA/A>1

N

PA/A<1
(N

PA/A<1  PA/A>1 PA/A<i  PA/A>1  PA/A<1  PA/A>1
(N (N

PA/A>1
(N=31)

PA/A<i
N

PA/A>1

A<1

P

P value

=130)

1054)
69 (6.5%)

19)
2 (10.5%)

(N=6) =135) =

(N=43)

(N=30)

(N=168)

-392)

(N=44)

(N=316)

12 (9.2%)

6 (4.4%)

0 (0%)

0 (0%)

22 (13.1%) 5 (16.7%)

29 (7.4%) 3 (9.7%)

2 (4.5%)

12 (3.8%)

Yes

The cohort includes all patients who were admitted to our cancer centre who had undergone a CT scan of the thorax. Percentages were calculated separately for each column, that is, each ratio group (PA/A<1vs PA/A>1), equalling 100%. Values

of 0 indicate that a patient’s information was missing.

Age was measured in years, Q1 and Q3 representing the 95% CI.

P values were calculated in a linear regression model, p values of <0.05 were considered to reflect a statistically significant difference.

BC, breast cancer; BNP, brain natriuretic peptide; CNS, central nervous system; ECOG, Eastern Cooperative Oncology Group performance status; GIC, gastrointestinal cancer; HNC, head and neck cancer; PA/A, pulmonary artery and ascending

aorta; UICC, Union for International Cancer Control. UROC, urological cancer;

Altered lung function predicts a PA/A ratio increase in
subgroup of the investigated patients with cancer

We further investigated differences in available lung func-
tion data for the PA/A<Iand PA/A ratio>1 groups. No
statistically significant difference between the two groups
was evident with regard to forced expiratory volume in 1
s (FEV1; figure 2A, n=225) or the ratio of FEVI to func-
tional vital capacity (FEV1/FVC; figure 2B, n=155) for all
patients in total and in all four subgroups (GIC, HNC,
UROC, BC). Nevertheless, for the GIC subgroup, differ-
ences were evident for diffusing capacity of the lungs for
carbon monoxide (DLCOCcSB; figure 2C, n=124). There
were no differences observable for arterial partial pres-
sure of oxygen for all patients as well as the individual
subgroups. (Art.pO,; figure 2D, n=154). Results are not
shown for the CNSC subgroup owing to the small number
of patients with this cancer type.

Echocardiography parameters differ between GIC and HNC
subgroups

We further compared baseline echocardiography param-
eters for GIC, HNC, UROC, BC as well as the entire
patient cohort (figure 3). There was no difference
between the PA/A<I group and the PA/A>1 group with
regard to tricuspid annular plane systolic excursion
(figure 3A, n=285), the heart failure with preserved ejec-
tion fraction (HFpEF) parameter E/A (figure 3D, n=201)
and left ventricular EF (figure 3E, n=352). However, the
aforementioned parameter PASP (figure 3C, n=231)
differed significantly between the two groups. Addition-
ally, the HFpEF parameter E/E’'med (figure 3B, n=378)
was different for all investigated patients with cancer
when comparing both groups. All these calculations were
conducted for all patients combined as well as for each
individual cancer entity as presented in the respective
figures. Again, the results for CNSC patients with cancer
are not presented owing to the small number of patients
with this cancer type.

An elevated PA/A ratio is associated with CAD and systemic
arterial hypertension

We further investigated a possible correlation between
PA/A ratio and the occurrence of comorbidities such
as PH as well as emphysema, CAD and systemic arte-
rial hypertension (figure 4). Although signs of emphy-
sema were detectable based on baseline CT scans for
143 (13.43%) patients, no association with PA/A ratio
was found for the entire group of patients with cancer
(p=0.098). In contrast, for all patients, an elevated PA/A
ratio correlated positively with systemic arterial hyper-
tension (p<0.001) as well as CAD (p=0.014). In addi-
tion, comparing PA/A ratio for patients with or without
signs of emphysema on their CT scans as well as on their
pulmonary function analysis can be found in online
supplemental figure 1. For the emphysema group, PA/A
ratio was slightly increased by 0.07 (p=0.026).
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(PASP). Correlation of PASP with PA/A ratio for patients with (A) all included cancer types (n=223), (B) gastrointestinal cancer
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An elevated PA/A ratio is associated with poor overall survival
in various cancer types

A Kaplan-Meier plot showing overall survival (OS) for all
included patients calculated by a Cox proportional hazard
model is displayed in online supplemental figure 2.
Further, Kaplan-Meier plots comparing patients with signs
of emphysema on their CT scans as well as on their pulmo-
nary function analysis can be found in online supple-
mental figure 3. Here, OS was significantly decreased
for patients with signs of emphysema (713 days vs 1541
days for the control group) (p=0.002). We further investi-
gated the impact of an elevated PA/A ratio on survival of
patients with cancer. Here, OS was evaluated using a Cox
regression analysis (figure 5). Among all patients, median
OS was significantly reduced for the PA/A ratio >1 group
(837 days vs 2074 days for the PA/A<1 group) (figure 5A).
Subgroup analyses further revealed that median survival
for UROC patients was reduced to 441 days for the PA/A
ratio >1 group in comparison with 1447 days for the PA/A
ratio <I group (figure 5D). Median survival for GIC, HNC
and BC subgroups could not be conclusively analysed due
to an insufficient number of events.

DISCUSSION
PH and cancer share many common signalling pathways,
yet their inter-relationship remains poorly understood."”

Cancer-associated PH is a novel comorbidity concept and
an emerging research field. Evidence surfacing from
recent literature indicates the major importance of this
condition for prognosis and outcome. The ratio of PA/A
is a well-established surrogate parameter for PH and we
have previously reported thata PA/A of >1 independently
predicts OS of patients with lung cancer.?” However, data
on the prevalence and impact of PH on cancers other
than lung cancer is lacking. Therefore, this is the first
large scale observational study investigating the preva-
lence and clinical impact of PH in cancers other than
lung cancer through non-invasive surrogate parameters.
Our results reveal an overall prevalence of an increased
PA/A ratio at first diagnosis of cancer of 10.98%. Hence,
a significant proportion of patients with cancer in our
cohort showed positive surrogate markers of PH and
are likely to suffer from this condition. However, the
same proportion of patients would be expected to reveal
positive surrogate markers of PH in an elderly control
group of the general population.” This makes it unlikely
that our findings are directly related to the underlying
cancer but are rather an independent condition. On the
contrary, previous studies of our group have indicated
lung cancer-associated PH to be a distinctive disease
entity.”” However, this study cannot conclusively elucidate
the origin of PH we are observing in our patient cohort.
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Figure 2 Lung function parameters among investigated patients with cancer. (A) FEV1 (measured as a percentage) for all
patients including central nervous system cancer (CNSC) for pulmonary artery size to aorta ratio (PA/A)<1 (n=187) or PA/A>1
(n=38), gastrointestinal cancer (GIC) for PA/A<1 (n=105) or PA/A>1 (n=20), head and neck cancer (HNC) for PA/A<1 (n=51) or
PA/A>1 (n=5), urological cancer (UROC) for PA/A<1 (n=23) or PA/A>1 (n=7) and breast cancer (BC) for PA/A<1 (n=7) or PA/
A>1 (n=2). (B) FVC and FEV1/FVC ratio for all patients including CNSC for PA/A<1 (n=126) or PA/A>1 (n=29), GIC for PA/A<1
(n=67) or PA/A>1 (n=17), HNC for PA/A<1 (n=30) or PA/A>1 (n=3), UROC for PA/A<1 (n=21) or PA/A>1 (n=7) and BC for PA/
A<1 (n=7) or PA/A>1 (n=2). (C) DLCOcSB (measured as a percentage) for all patients including CNSC for PA/A<1 (n=108) or
PA/A>1 (n=22), GIC for PA/A<1 (n=61) or PA/A>1 (n=14), HNC for PA/A<1 (n=26) or PA/A>1 (n=2), UROC for PA/A<1 (n=14)
or PA/A>1 (n=6) and BC for PA/A<1 (n=6) or PA/A>1 (n=0). (D) Arterial pO2 (measured in mm Hg) for all patients including
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were assessed at the time of first diagnosis of cancer. P values were calculated for a linear regression model, and values of
<0.05 were considered to reflect statistically significant mean differences between the indicated groups. DLCOcSB, diffusing
capacity of the lungs for carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, functional vital capacity; pO2, partial
pressure of oxygen.

Interestingly, a previous study of patients with lung or
oesophageal cancer revealed an increase in PA size only
for the lung cancer patient cohort.”® Nonetheless, an
increased PA/A ratio of greater than 1 equally appears

to be an independent indicator of poor prognosis for
patients with cancers other than lung cancer. However,
when we compare the difference in OS of patients with
cancer in this analysis with our previously published
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results, we find a smaller impact on OS. Specifically, the
median overall survival for patients with lung cancer with
a PA/A ratio greater than 1 was 207 days vs 568 days in
our previous work. In this study, median OS was 837 days
for patients with a PA/A ratio greater than 1 compared
with 2074 days for patients with a PA/A ratio <1. There-
fore, it appears that PH within this collective of patients
with cancer significantly influences survival, akin to the
observed impact of PH associated with lung cancer as
previously described.””

We also investigated other parameters of heart and lung
function that could possibly inform the diagnosis of PH
and help predict its contribution to pathogenesis. First,
we found almost no signs of poorer lung function among
those patients with cancer with PA/A>1. Merely, a differ-
ence for DLCOCSB for the GIC subgroup was apparent.
In particular, parameters that are generally associated
with PH such as FEV1,* * FEV1/FVC and art. pO, did
not differ significantly when comparing the entire group
of patients with cancer with or without a PA/A of >1 as
well as the respective subgroups. Conversely, for patients
with lung cancer these lung function parameters differed
significantly for patients with PA/A>1 (27). Furthermore,
the only difference in heart function we observed was
found for available PASP measurements and E/E’'med.
There was a robust increase in PASP value for the PA/

A>1 group (39.50+11.47mm Hg vs 30.11+8.29 mm Hg),
which further demonstrates the relevance of this ratio as
a prognostic indicator. Currently, PASP is the most reli-
able non-invasive screening parameter for PH, whereas
right heart catheterisation remains the diagnostic gold
standard.”™ However, this procedure is impractical for
large-scale analyses of patients with cancer because it is
expensive, invasive and at this point not necessarily indi-
cated as its results may not directly impact therapeutic
decisions. Further, increased E/E’med values for the
PA/A>1 might suggest a role for HFpEF in causing PH
in patients with cancer.” Additionally, systemic arterial
hypertension and CAD, which are risk factors for HFpEF,
correlated positively with patients with PA/A>1. However,
the correlation between E/A and PA/A>1 was not statis-
tically significant so HFpEF as an aetiology of PH in this
population was not clearly demonstrated. However, given
the correlation between CAD and PA/A ratio and the
statistically significant correlation between systemic arte-
rial hypertension and PA/A ratio, we suspect that our
results do suggest a role of early HFpEF and its associated
risk factors in the development of PH in this population.

Moreover, an increased PA/A ratio could further be
a consequence of several pathological conditions other
than PH or a combination of different conditions such
as heart failure-induced cardiopulmonary congestion,
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Figure 5 Overall survival (OS) of patients stratified by PA/A ratio. The impact of PA/A ratio was analysed using Cox
proportional hazards (Cox PH) models adjusting for sex, age, cancer and Union for International Cancer Control (UICC) stage.
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undiagnosed CAD or thromboembolic disease. ™’

Therefore, additional studies must be carried out to
elucidate the exact cause of cancer-associated PH. Never-
theless, we would like to propose that PH is a clinically
important comorbidity for patients with cancer in general
that is relevant for prognosis.

The main limitations of this study are its retrospec-
tive character and that it only included four different
cancer types. Thus, we cannot unquestionably conclude
that PA/A>1 caused by PH is less frequent in patients
with non-lung cancer compared with patients with lung
cancers. However, our study focused mainly on solid
tumours that are known to habitually metastasise to the
lung.”® Another notable limitation of this study relates
to the patient cohort, as it may not be fully represen-
tative of the general population but instead reflects
patient demographics and conditions in our particular
tertiary care centre. Therefore, caution should be used
when attempting to draw conclusions for the general
population.

Furthermore, we initially hypothesised that lung
metastasis could trigger PH just as frequently as
primary lung tumours. In this context, we suspected
a possible role of cancer of the lung in triggering PH.
However, our cohort provided no evidence for arole of
lung metastasis in causing PH. However, our findings
suggest a distinctiveness of lung cancer-associated PH
and that the concept cannot be transferred to other
cancers spreading to the lung. One explanation could
be the difference in biology of primary tumours of
the lung and lung metastases. Nevertheless, this ques-
tion will have to be definitively answered by future
investigations. We also included CNSC in our analysis
to serve as a negative control group for comparison
with the rest of our cohort. CNSCs do not undergo
systemic metastasis, nor do they cross the blood-brain
barrier to cause systemic effects. However, we found
no differences among CNSC and the other analysed
cancer types. We conclude that lung cancer-associated
PH might be a unique entity.

It is imperative to broaden the knowledge in this
field before interventional trials can be designed
to investigate whether therapeutic targeting of PH
might improve the outcome of patients with cancer.
Furthermore, a substantial proportion (38.02%) of
our patients displayed signs of CAD based on their
baseline CT scans. The high prevalence of CAD in this
cancer patient cohort further suggests the necessity
for a holistic approach to cancer-stage classification
for each individual patient based not only on UICC
stage but also on cardiopulmonary capacity. The
Holistic Implementation Study Assessing a Northern
German Interdisciplinary Lung Cancer Screening
Effort (ClinicalTrials.gov ID: NCT04913155) screens
not only for lung cancer but also for CAD and Emphy-
sema using CT scans,” further supporting the idea
of the necessity for a comprehensive approach. In
clinical practice, treatment options for patients with

cancer are often limited by the patient’s cardiopul-
monary comorbidities.

Based on the results of our study, we would like to
propose that cardiopulmonary function parameters
be incorporated into standard oncological staging
protocols. This could provide significant benefits in
the formulation of effective treatment regimens. We
advocate a holistic cardiopulmonary assessment of all
patients with cancer before initiation of oncological
treatment. It is, therefore, essential to approach the
treatment of patients with cancer not only from an
oncological perspective but also to consider the pres-
ence of concomitant cardiopulmonary disease. With
this approach, physicians can improve their ability to
assess the prognosis of patients with cancer, leading to
the developmentofinformed and optimised treatment
plans tailored to the specific needs of each patient. In
conclusion, this study highlights the relevance of the
cardiopulmonary system for the treatment of cancer
and underscores the importance of making further
advances in the field of cardio-oncology.
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