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Adverse effects of immune checkpoint inhibitor therapies on
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Abstract

Immunologic risk factors contribute to endothelial dysfunction and development of pulmonary vascular disease. Immune check-

point inhibitors, used as immunotherapies for malignancies, have a wide range of reported immune-related adverse events. We

retrospectively describe the impact of immune checkpoint inhibitors on the development of pulmonary vascular injury and right

ventricular dysfunction as compared across both computed tomography and transthoracic echocardiography. Twenty-four of 389

patients treated with immune checkpoint inhibitors at a single academic center between 2015 and 2019 were evaluated. Thirteen

(54%) patients were treated with anti-programmed cell death receptor 1 (PD-1), 8 (33%) with anti-programmed death receptor

ligand 1 (PD-L1) therapy, and 3 (13%) with combination anti-PD-1 and anti-cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)

therapy. At a median of 85 days of immune checkpoint inhibitor therapy, RVfwLS significantly increased from –20.6% to –16.7%

(p¼ 0.002). After a median of 59 days of immune checkpoint inhibitor therapy, median pulmonary artery to aorta ratio worsened

from 0.83 to 0.89 (p¼ 0.03). There was an correlation of duration of immune checkpoint inhibitor therapy (b¼ –0.574, p¼ 0.003)

with percent change in RVfwLS. Patients who received anti-PD-1 therapy (b¼ –0.796, p¼ 0.001) showed the greatest correlation

of duration of immune checkpoint inhibitor therapy with percent change in RVfwLS. Exposure to immune checkpoint inhibitors

are associated with RV dysfunction and vascular changes as measured by strain and computed tomography, respectively.
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To the Editor:
Immune checkpoint inhibitors (ICIs) have emerged as

transformative therapies used to treat many thoracic, uro-
logic, and dermatologic malignancies. The primary targets
for ICIs include programmed cell death receptor-1 (PD-1),
programmed death receptor ligand 1 (PD-L1), and cytotox-

ic T-lymphocyte-associated antigen 4 (CTLA-4) found on
tumor cells and CD4 T-cells, including T regulatory cells
(Tregs). The use of these immunotherapies can result in
significant immune-related adverse events (irAEs), including
cardiopulmonary toxicities like myopericarditis, conduction
abnormalities, and left ventricular (LV) systolic

dysfunction.1

T lymphocytes and specifically Tregs play a role in the
pathogenesis of pulmonary vascular disease.2,3

Tamosiuniene et al. demonstrated that immune reconstitu-

tion with Tregs prior to vascular injury reduced progression

of pulmonary hypertension (PH) normally observed in T-

cell-deficient rats. This protection afforded by Treg cells was

reversed with blockade of PD-L1 with anti-PD-1 ICI ther-

apy.4,5 Fournel et al. previously reported an increased pul-

monary artery to aorta ratio (PA/Ao) in humans following

exposure to anti-PD-1 therapy.6 These findings collectively

Corresponding author:

Ruben Mylvaganam, Division of Pulmonary and Critical Care Medicine,

Department of Medicine, Northwestern McGaw Medical Center, 240 E Huron

St, Ste M-300, Chicago, IL 60611, USA.

Email: ruben.mylvaganam@northwestern.edu

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

journals.sagepub.com/home/pul

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which per-

mits non-commercial use, reproduction and distribution of the work without further permission provided the original work is

attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-7203-7609
https://orcid.org/0000-0002-7178-9729
http://dx.doi.org/10.1177/2045894021992236
mailto:ruben.mylvaganam@northwestern.edu
http://uk.sagepub.com/en-gb/journals-permissions
journals.sagepub.com/home/pul


exploring the interactions of T cells, ICI therapy, and pul-
monary vascular changes highlights a potential unrecog-
nized relationship between pulmonary vascular toxicity
and treatment with ICIs.

Speckle-tracking echocardiography is a Doppler-based
method that allows for evaluation of longitudinal myocar-
dial strain, and has been validated for detection of subclin-
ical cardiac dysfunction.7,8 Other methods for evaluating
right ventricular (RV) function, such as tricuspid annular
plane systolic excursion (TAPSE), rely on surrogate meas-
ures of global RV function, while RV strain measures both
regional (RVfwLS) and global RV longitudinal contractili-
ty; RV longitudinal systolic strain (RVLSS). RVLSS has the
highest correlation with cardiac magnetic resonance imag-
ing derived RV volumes, ejection fraction, and, in patients
treated with certain chemotherapeutics, can detect preclini-
cal myocardial dysfunction.8,9 Additionally, enlargement of
the PA/Ao on computed tomography (CT) scans correlates
with worsening PH.10

To ascertain whether there is a relationship between ICI
therapy and pulmonary vascular toxicity, we examined the
development of subclinical pulmonary vascular disease as
determined by the prespecified outcomes of change in
right ventricular free wall longitudinal systolic strain
(RVfwLS) and PA/Ao ratio among patients exposed to
ICI therapy.

Methods

Population and setting

We reviewed charts of patients from our Hospital who had
confirmed malignancy treated with ICIs (Nivolumab,
Pembrolizumab, Atezolizumab, Durvalumab, and/or
Ipilimumab) between 1 June 2015 and 31 December 2019.
The study was approved by the Institutional Review Board.

Data collection and definitions

Demographic and clinical data were collected from the elec-
tronic medical records. RV strain and PA/Ao ratio were
predetermined primary endpoints in this study. A blinded
retrospective RV speckle tracking analysis was performed
using a RV-focused apical four-chamber view with R-R
gating in TOMTEC (Phillips, USA).7 A blinded analysis
of CT scans was performed by two observers, to measure
PA and ascending Ao diameters at the level of the
bifurcation.10

Statistical analysis

The results are reported as medians and interquartile
ranges. Categorical variables are reported as counts and
percentages. Differences in continuous variables were com-
pared using the paired t-test. Univariate analyses were per-
formed to evaluate whether hypothesized variables
correlated with percent change in RVfwLS. We performed

analyses with GraphPad Prism v8.0 and STATA v16.1
software.

Results

Demographics, clinical characteristics, and treatment
strategies

From 1 June 2015 to 31 December 2019, 392 patients were
treated with one or more of the above-mentioned ICIs.
Baseline and follow-up treatment echocardiograms per-
formed within one year of starting ICI therapy were avail-
able in 24 subjects. All subjects were on ICI therapy at the
time of their follow-up echocardiogram. Demographics,
clinical characteristics, therapies, and outcomes are summa-
rized in Table 1. Thirteen (54%) patients were treated with
anti-PD-1 therapy, 8 (33%) with anti-PD-L1 therapy, and 3
(13%) with combination anti-PD-1 and anti-CTLA-4
therapy.

Patients had normal biventricular size and function at
baseline echocardiography. After a median 85 days of ICI
therapy, as compared to baseline, left ventricular outflow
tract velocity time integral (LVOT VTI) significantly
decreased (18.3 vs. 20.2, p¼ 0.04), and RVfwLS significant-
ly increased (–16.7% vs. –20.6%, p¼ 0.002). There were no
other statistically significant differences in echocardio-
graphic measures of RV or LV function and size.

After a median of 59 days of ICI therapy, as compared to
baseline, median PA/Ao ratio increased from 0.83 to 0.89
(p¼ 0.03). No patients were considered to have aortic dis-
ease or significant aortic dilatation. Inter-observer agree-
ment of Ao and PA measurements were excellent, as
assessed by interclass correlation coefficient (ICC) (interob-
server ICC¼ 0.95 and 0.98 for Ao and PA, respectively).

On univariate analysis, there was an association of dura-
tion of ICI therapy (b¼ –0.574, p¼ 0.003) with percent
change in RVfwLS. We repeated the univariate analysis
stratified by hypothesized confounders including progres-
sion of disease, receipt of radiotherapy, and type of immu-
notherapy. Upon stratification, all confounders showed
consistent effect direction. Notably, patients who received
anti-PD-1 therapy (b¼ –0.796, p¼ 0.001) demonstrated the
greatest association of duration of ICI therapy with percent
change in RVfwLS (Table 2).

No patients were documented to have been started on
therapies specifically targeting PH or left ventricular
dysfunction.

Discussion

ICI therapy has been associated with significant cardiotoxic
irAEs involving the myocardium, pericardium, and conduc-
tion system.1 Here, we demonstrate that exposure to ICIs
are associated with RV dysfunction and vascular changes as
measured by strain and CT, respectively. We affirm and
expand on the finding of Fournel et al. by showing an
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Table 1. Demographics, characteristics, echocardiographic findings, computed tomography measurements at baseline and after immune
checkpoint inhibitor therapy.

Parameters Baseline

Demographic and clinical characteristics

Age (years) 74 (52–85)

Female sex, n (%) 11 (46)

African American race, n (%) 2 (8)

Body mass index 26 (24–29)

Oncologic characteristics

Pathologic type, n (%)

Unspecified non-small cell lung cancer 15 (63)

Squamous cell lung cancer 4 (17)

Adenocarcinoma lung cancer 3 (13)

Melanoma 1 (4)

Renal cell carcinoma 1 (4)

Stage

I 1 (4)

III 7 (29)

IV 16 (67)

ICI therapy, n (%)

Nivolumab 6 (25)

Pembrolizumab 7 (29)

Atezolizumab 4 (17)

Durvalumab 4 (17)

Ipilimumab–Nivolumab 2 (8)

Ipilimumab–Pembrolizumab 1 (4)

ICI therapy duration, days 175 (78–413)

Progression of disease, n (%) 11 (46)

Receipt of thoracic radiotherapy, n (%) 18 (75)

irAEs, n (%)

Any 9 (38)

Pneumonitis 5 (21)

Colitis 1 (4)

Other (dermatologic, pruritus) 4 (17)

ICI survival, days 153 (70–319)

Death, n (%) 12 (50)

Echocardiography Baseline Follow-up p Values

Time between baseline echo and ICI start, days 45 (21–145) –

Duration of ICI therapy before follow-up echo, days – 85 (55–194)

LVED diameter, mm 47 (42–52) 44 (37–51) 0.16

LVES diameter, mm 32 (27–36) 29 (25–39) 0.81

LA volume index, mL/m2 27 (21–34) 29 (23–37) 0.65

LV ejection fraction, % 59 (55–67) 64 (48–69) 0.54

LVOT VTI, cm 20.2 (19–22.9) 18.3 (12.3–23.9) 0.04

RV basal diameter, mm 35 (30–38) 33 (29–36) 0.51

RV/LV ratio 0.9 (0.76–0.94) 0.9 (0.77–0.98) 0.35

TAPSE, mm 19.5 (17–23) 19.1 (15.5–22.8) 0.14

RV S’, cm/s 11.5 (9.6–14.5) 12.7 (10.0–14.6) 0.42

RVSP, mmHg 33 (28–50) 31 (26–38) 0.10

RVfwLS, % –20.6 (–24.0—–16.2) –16.7 (–18.82—–11.1) 0.002

Computed tomography

Time between baseline CT and ICI start, days 28 (11–45) –

Duration of ICI therapy before follow-up CT, days – 59 (40–81)

Ao diameter, mm 33 (31–37) 33 (30–37) 0.59

PA diameter, mm 29 (25–31) 29 (25–31) 0.22

PA/Ao ratio 0.83 (0.77–0.94) 0.89 (0.76–0.95) 0.03

irAEs: reported immune related adverse events; ICI: immune checkpoint inhibitor; LVED: left ventricular end diastolic; LVES: left ventricular end systolic; LA: left

atrial; LV: left ventricular; RV: right ventricular; TAPSE: tricuspid annular plane systolic excursion; RV S’: right ventricular systolic excursion velocity; RVSP: right

ventricular systolic pressure; RVfwLS: right ventricular free wall longitudinal systolic strain; CT: computed tomography; Ao: aorta; PA: pulmonary artery.

Note: Data are given as median (interquartile range).
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association with enlarging PA/Ao ratio in patients treated
with anti-PD-L1 and anti-CTLA-4 therapy in addition to
anti-PD-1 therapy. We also demonstrate an association
with worsening RV function as measured by RVfwLS.
Interestingly, duration of exposure to ICIs was most strong-
ly correlated with changes in RV strain, an effect that was
mirrored in stratified analyses. The large correlation coeffi-
cient associated with anti-PD-1 therapy raises interesting
questions about the differential effect of ICI treatment on
the pulmonary vasculature.

There are several limitations to our study to consider.
The effects of ICI therapy on RV dysfunction should be
interpreted with caution, as this was a retrospective study
that lacked a control group. Furthermore, echocardiograms
were ordered as part of routine clinical care, so timing and
availability were not uniform across the cohort introducing
selection bias. Additionally, the primary thoracic malignan-
cy represented in this cohort may be an important con-
founder in the association of RVfwLS and ICI therapy.
Finally, although the median age of our cohort exceed the
reference values typically reported, referencing the change
in strain per individual should help to mitigate this
constraint.11

Our findings coupled with the above-mentioned animal
and human basic science data raises interesting questions
about ICI therapy and the role T cells potentially play in
the pathogenesis of pulmonary vascular injury.
Future studies should prospectively examine the correlation
of ICI therapy on the development of pulmonary vascular
disease and the mechanistic role of T-cell and T regulatory
cell function on the pulmonary vasculature.
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Table 2. Univariate analysis of percent change in RVfwLS with duration of ICI therapy.

b p Values

Duration of ICI therapy before follow-up echo –0.574 0.003

Duration of ICI therapy before follow-up echo—stratified

Progression of disease – yes, n¼ 11 –0.710 0.01

Progression of disease – no, n¼ 13 –0.567 0.04

Receipt of XRT – yes, n¼ 18 –0.560 0.02

Receipt of XRT – no, n¼ 6 –0.704 0.12

PD-1, n¼ 13 –0.796 0.001

PD-L1, n¼ 8 –0.657 0.08

PD-1 and CTLA-4, n¼ 3 –0.105 0.93

ICI: immune checkpoint inhibitor; XRT: radiotherapy; PD-1: programmed cell death receptor-1; PD-L1: programmed cell death ligand 1;

CTLA-4: cytotoxic T-lymphocyte-associated antigen 4.
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