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Background: Immune checkpoint inhibition (ICI) has emerged as a promising new approach to treat
malignancy. Such therapies can result in autoimmune-related complications such as myocarditis and
hepatitis. The impact of ICI on sites of preexisting chronic inflammation has been less clear. Athero-
sclerosis is a chronic vascular disease with a significant inflammatory component.
Methods: To determine the effect of ICI on the inflammatory infiltrate in coronary artery atherosclerotic
plaques, 11 patients who had recently been treated with ICI and subsequently underwent autopsy were
matched with 11 cancer patients who had not received ICI treatment. The amount of CD3þ T-lympho-
cytes, CD8þ cytotoxic T-lymphocytes, and CD68þ macrophages and the ratios of the various cell types in
the coronary artery atherosclerotic plaques were compared.
Results: There was no significant difference in the absolute numbers of CD3þ, CD8þ, or CD68þ cells in the
atherosclerotic plaques. In the plaques of the ICI-treated patients, there was a significant increase in the
ratio of CD3þ cells to CD68þ cells (CD3/CD68) (P¼.002) and a trend towards an increased CD8/CD68 ratio.
The increased CD3/CD68 ratio in the ICI-treated patients resulted in 6 of the 11 patients having
lymphocyte-predominate inflammation in contrast to the macrophage-predominate inflammation
typically found in atherosclerotic plaques.
Conclusions: These findings indicate that ICI alters the inflammatory composition of human athero-
sclerotic plaque and, thus, may influence plaque progression and/or clinical coronary events.
Summary: In cancer patients, treatment with immune checkpoint inhibition is associated with an altered
inflammatory cell composition in coronary artery atherosclerotic plaques with an increased ratio of CD3þ

T cells to CD68þ macrophages. Thus, immune checkpoint inhibition may influence plaque progression
and/or clinical coronary events.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction functional in the tumor microenvironment, CTLA-4 primarily func-
Blockade of immune regulatory checkpoints has emerged as an
important new approach to treat malignancy [1e3]. This immune
checkpoint inhibition (ICI) often involves administration of anti-
bodies that block cytotoxic T lymphocyte-associated protein 4 (CTLA-
4) and/or the programmed cell death 1 (PD-1) pathway. In some pa-
tients, the activity of these coinhibitory pathways appears to inhibit
an effective immune response to the cancer. In the case of the PD-1
pathway, expression of the PD-1 ligand PD-L1 by the tumor cells
suppresses an immune response to neoantigens expressed by these
malignant cells. Patients are thought to respond to antibodies tar-
geting either PD-1 or PD-L1 because of a preexisting, but inhibited,
antitumor T cell response. While the PD-1 pathway is primarily
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tions as an immune inhibitory pathway in draining lymph nodes,
where it inhibits costimulatory signaling by outcompeting CD28 for
binding costimulatory ligands. Lymphocyte activation gene 3 (LAG-3)
is an additional immune inhibitory receptor that is being targeted
with antibodies in clinical trials of ICI treatment for malignancy. In
some patients, combination therapy with blockade of multiple
inhibitory pathways results in a synergistic response to the tumor.

ICI treatment not only enhances immune reactions to the tumor
cells but also frequently is associated with inflammatory reactions
to nontumor cells. Although often mild, immune-related adverse
events occur in 70%e90% of patients receiving ICI treatment, most
often involving the skin, lungs, gastrointestinal tract, and endocrine
organs [4,5]. ICI treatment is less commonly associated with clini-
cally evident cardiovascular adverse events, including myocarditis
and vasculitis [6e8]. Pathologically, immune-related adverse
events in the setting of ICI treatment are largely characterized by
the infiltration of the tissue by lymphocytes and macrophages with
injury to the tissue [9e11].
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Table 1
Patient characteristics and cardiac pathology findings

ICI No ICI P

Number of patients 11 11
Biological sex, male/female 4/7 4/7 1.00
Age (years), median (IQR) 58 (45e69) 67 (48e76) .17
Smoking (active or former), n (%) 5 (45) 3 (27) .66
Hypercholesterolemia, n (%) 4 (36) 3 (27) 1.00
Hypertension, n (%) 6 (55) 4 (36) .67
Diabetes, n (%) 3 (27) 0 (0) .21
BMI (kg/m2), median (IQR) 21 (20e24) 22 (18e28) 1.00
History of PCI/stent or CABG, n (%) 0 (0) 2 (18) .48
Statin, n (%) 1 (9) 2 (18) 1.00
ACE inhibitor, n (%) 3 (27) 1 (9) .59
Calcium channel blocker, n (%) 0 (0) 1 (9) 1.00
b-Blocker, n (%) 2 (18) 2 (18) 1.00
Aspirin, n (%) 3 (27) 3 (27) 1.00
Immunosuppression, n (%) 9 (82) 9 (82) 1.00
Non-ICI cancer therapy, n (%) 3 (27) 4 (36) 1.00
Type of cancer, n (%) .98
Melanoma 5 (45) 4 (36)
Gastrointestinal carcinoma 2 (18) 2 (18)
Endometrial carcinoma 1 (9) 1 (9)
Cholangiocarcinoma 1 (9) 1 (9)
Lung carcinoma 1 (9) 1 (9)
Hodgkin’s lymphoma 1 (9) 1 (9)
Sarcoma 0 (0) 1 (9)

Cause of death, n (%) .55
Cancer 9 (82) 8 (73)
Pneumonia 1 (9) 1 (9)
Myocarditis 1 (9) 0 (0)
Diffuse alveolar damage 0 (0) 1 (9)
Intracranial bleed 0 (0) 1 (9)

Year of autopsy, median (IQR) 2017 (2016
e2017)

2013 (2011
e2017)

.02

Postmortem interval (h), median (IQR) 20 (17e39) 21 (16e33) .51
Coronary artery analyzed, LAD/RCA/

LM
6/4/1 8/3/0 .49

Coronary atherosclerosis grade,
mean±SE

1.8±0.3 1.6±0.2 .59

Plaque/media area ratio, median (IQR) 1.8 (1.4e3.9) 2.2 (1.7e3.7) 1.00

Table 2
Inflammatory cells in coronary artery atherosclerotic plaque and adventitia

ICI No ICI P

Plaque CD68 (cells/mm2) 22 (7e123) 36 (13e115) .41
Plaque CD3 (cells/ mm2) 24 (10e74) 11 (5e24) .21
Plaque CD8 (cells/ mm2) 13 (7e23) 9 (2e17) .11
Plaque CD3/CD68 1.16 (0.33e1.91) 0.25 (0.11e0.40) .002
Plaque CD8/CD68 0.56 (0.33e1.00) 0.14 (0.059e0.27) .042
Plaque CD8/CD3 0.49 (0.30e0.87) 0.68 (0.28e0.92) .64
Adventitia CD68 (cells/ mm2) 241 (174e354) 278 (226e372) .21
Adventitia CD3 (cells/ mm2) 25 (18e118) 52 (31e136) .32
Adventitia CD8 (cells/ mm2) 11 (6e50) 23 (12e60) .21
Adventitia CD3/CD68 0.13 (0.051e0.48) 0.18 (0.083e0.44) .90
Adventitia CD8/CD68 0.05 (0.020e0.24) 0.10 (0.035e0.24) .52
Adventitia CD8/CD3 0.43 (0.23e0.61) 0.51 (0.44e0.84) .07

Data are expressed as median (interquartile range).
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Persistent exposure to antigens, whether it be in the setting of
cancer or chronic infections, is associated with the phenomenon
known as T cell exhaustion, in which T cells are reversibly inhibited
in part due to the upregulation of inhibitory receptors such as PD-1
and LAG-3 [12]. It is becoming increasingly accepted that human
atherosclerosis is a chronic inflammatory disorder inwhich there is
chronic exposure to antigens derived from lipoproteins retained
within the vascular wall [13e16]. Thus, it is possible that, in human
atherosclerosis, there is a state of T cell exhaustion such that ICI
treatment might alter the immune response in the atherosclerotic
plaque. To address this question, we examined the inflammatory
cell composition of human coronary artery plaques in cancer pa-
tients who had either received or not received ICI treatment.

2. Materials and methods

2.1. Case selection and study criteria

Patients with cancer who had been treated with ICI and sub-
sequently underwent autopsy at the Massachusetts General Hos-
pital from 2013 to 2017 were retrospectively studied. The primary
inclusion criteria were an autopsy with examination of the heart
and prior treatment with an ICI agent, with the first dose admin-
istered more than 3 weeks prior to death and the final dose
administered within 8 weeks of death. Patients who had received
immune-depleting therapies, such as mycophenolate mofetil or
anti-thymocyte globulin, were excluded. Each ICI-treated cancer
patient was matched with a control cancer patient, who had not
received ICI therapy, in which there was an autopsy heart evalua-
tion. Patients were matched based on age, gender, year of autopsy,
and cancer type. Patients without coronary artery tissue available
for immunohistochemical analysis were excluded.

To identify potential confounders, demographical characteris-
tics, clinical history, and medication history of the patients were
obtained from the medical records. Demographical characteristics
and clinical history compared included age, gender, race, smoking
status, bodymass index (BMI), cause of death, postmortem interval,
and clinical history of hypercholesterolemia, hypertension, dia-
betes, autoimmune diseases, chest radiation, percutaneous coro-
nary intervention, and myocardial infarction. Medication usage
compared included 3-hydroxy-3-methylglutaryl-coenzyme A
reductase inhibitor (statin), angiotensin-converting enzyme (ACE)
inhibitor, b-blocker, calcium channel blocker, aspirin, immuno-
suppressant medications, and non-ICI cancer therapies.

The degree of coronary artery atherosclerosis at autopsy was
graded as described previously using a semiquantitative scale based
on the assessment in the pathology report: grade 1, 0%e30% esti-
mated stenosis (mild stenosis); grade 2, 31%e74% estimated stenosis
(moderate stenosis); and grade 3, 75%e100% estimated stenosis (se-
vere stenosis) [17]. The highest score from the individual coronary
arterieswas used as the overall atherosclerosis score for each patient.

2.2. Immunohistochemistry

One coronary artery cross section with atherosclerosis from
each ICI-treated patient was matched to a coronary artery cross
section from the corresponding control patient based on the degree
of atherosclerosis on the histologic slides and type of artery, i.e., the
left main coronary artery (LM), left anterior descending coronary
artery (LAD), left circumflex coronary artery (LCx), and right coro-
nary artery (RCA). These matched crossed sections were utilized for
immunohistochemical analysis.

Immunohistochemistry for the general T-lymphocyte marker
CD3, the cytotoxic T-lymphocyte marker CD8, and the macrophage
marker CD68 was performed on formalin-fixed, paraffin-
embedded tissue using routine automated clinical
immunohistochemical staining devices. All of the macrophages and
lymphocytes throughout the entirety of the adventitia and
atherosclerotic plaque of the selected cross sections were counted
manually using an Olympus BX53 microscope at 200� magnifica-
tion. Atherosclerotic plaque and adventitia areas were delineated
using a Masson trichrome stain, and the areas were quantified
using ImageJ. The data were expressed as cells per mm2.

2.3. Statistical analyses

The numbers of CD3þ, CD8þ, and CD68þ cells and the ratios of the
individual cell types (i.e., CD3/CD68, CD8/CD68, and CD8/CD3) in the
adventitia and plaque of the ICI-treated patients were compared to
the corresponding measurements in the control patients using Wil-
coxon test. Potential confounders between the two groups were



Fig. 1. Immune checkpoint inhibition alters the CD3/CD68 ratio in human atherosclerotic plaques. (AeB) Depicted are trichrome-stained sections of coronary arteries from an ICI-
treated cancer patient (A) and a matched control patient (B) at 20�magnification. Within the media (red) is the atherosclerotic plaque (heterogeneously staining), and immediately
outside the media is the adventitia (dark blue). Histologic images of the hematoxylin & eosin-stained slides at 400� magnification for the ICI-treated cancer patient (C) and the
matched control patient (D) show scattered inflammatory cells in the atherosclerotic plaques. (EeH) Depicted are immunohistochemical stained sections of the coronary artery
plaques from the ICI-treated patient (E, G) and the control patient (F, H) stained for the T-lymphocyte marker CD3 (E, F) and the macrophage marker CD68 (G, H). Representative
positively stained cells (brown) are indicated with arrowheads. (I) The ratio of the number of CD3þ cells to the number of CD68þ cells was greater in the ICI-treated patients
compared with the control patients. There was no difference between the two groups in the CD3/CD68 ratio in the adventitia.
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compared using Fisher’s Exact Test, c2 test, or Wilcoxon test as
appropriate.Where indicated in the text, the P values were corrected
for multiple assessments using the BenjaminieHochberg method
(PBH). In secondary analyses, the relationship of the density of CD3þ

cells to the density of CD68þ cells was assessed by linear regression
after log transformation. P values less than .05, after any necessary
adjustment for multiple comparisons, were considered significant.

3. Results

Eleven ICI-treated cancer patients met the study criteria. Four
patients were treated with ICI monotherapy, three targeting PD-1
and one targeting PD-L1. The other seven patients received com-
bination ICI therapy, five targeting PD-1 and CTLA-4, one targeting
PD-1 and PD-L1, and one targeting PD-1 and LAG-3. These 11 ICI-
treated cancer patients were matched with 11 cancer patients
who had not received ICI treatment. The patient characteristics are
listed in Table 1. There was no significant difference in demo-
graphical characteristics, coronary artery disease risk factors, cor-
onary artery disease related medications, or prior PCI. All 22
patients were Caucasian, and one patient in each group had pre-
existing rheumatoid arthritis. There was no significant difference
between the two groups in the type of cancer or the frequency of
non-ICI cancer therapy. One patient in each group had received
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chest radiation. There was also no difference between the two
groups in the frequency of immunosuppression within 8 weeks of
death, which was largely glucocorticoids in both groups. Three of
the ICI-treated patients had also received an anti-TNF agent. One of
the control patients was treated with both methotrexate and an
anti-TNF agent. Seven of the ICI-treated patients were felt clinically
to have a complication related to ICI treatment, specifically
myocarditis, colitis, gastritis, pneumonitis, nephritis, elevated he-
patic enzymes, and/or fluid retention.

There was no significant difference between the two groups in
regard to the cause of death (Table 1). There was a slight difference
in the year of death between the two groups due to the current
widespread use of ICI therapy. There was no significant difference
in postmortem interval between the two groups or in the specific
coronary artery segment analyzed by immunohistochemistry.
There was no significant difference in the overall atherosclerosis
grade or in the plaque/media area ratio of the matched coronary
artery segments. For each group, the 11 plaques consisted of 2 type
III intermediate lesions, 1 type IV atheroma, 5 type V fibroather-
omas, 2 type VII predominantly calcified plaques, and 1 type VIII
predominantly fibrous plaque as defined previously [18]. None of
the plaques in either group showed features of acute or recent
disruption.

There was no significant difference between the two groups in
the absolute numbers of CD3þ, CD8þ, or CD68þ cells in the
atherosclerotic plaques (Table 2, Fig. 1). There was, however, a
significant increase in the ratio of CD3þ cells to CD68þ cells (CD3/
CD68) in the plaques of the ICI-treated cancer patients compared
with the plaques of the control cancer patients (P¼.002). This dif-
ference remained significant after adjusting for multiple assess-
ments (PBH¼.02). Correspondingly, there was a trend toward an
increased CD8/CD68 ratio in the plaques of the ICI-treated cancer
patients compared with the plaques of the control cancer patients
(P¼.042). However, this difference was not significant after
adjusting for multiple assessments (PBH¼.25). There was no sig-
nificant difference in the CD8/CD3 ratio in the plaques between the
two groups. There was also no difference between the two groups
in the absolute cell numbers or ratios in the adventitia. The
Fig. 2. Relationship of CD3þ lymphocyte infiltration to CD68þ macrophage infiltration.
Shown are plots of the CD3þ T-cell density after log transformation versus the CD68þ

macrophage density after log transformation for the patients treated with ICI (red
circles) and the control patients (black squares). For both sets of patients, the density of
CD3þ T cells correlates with the density of CD68þ macrophages. The P values were
obtained from linear regression. The dashed line represents the unity line, above which
the inflammatory infiltrate is lymphocyte predominant.
increased CD3/CD68 ratio in the ICI-treated patients was such that
the inflammation in the plaques of 6 of the 11 patients was
lymphocyte predominate in contrast to the macrophage-
predominate inflammation typically found in atherosclerotic pla-
ques (Fig. 1).

To gain insight into why the CD3/CD68 ratio was significantly
different between the groups and the absolute density of CD3þ T
cells was not, the relationship between the density of CD3þ T Cells
and the density of CD68þ macrophages was assessed by linear
regression (Fig. 2). For both groups, the density of CD3þ T cells was
correlated with the density of CD68þ macrophages. However, the
density of macrophages was highly variable in each group,
extending two orders of magnitude.

4. Discussion

The key observation in this study is that checkpoint inhibition
alters the inflammatory composition of human atherosclerosis,
increasing the ratio of T-lymphocytes to macrophages. Several
studies have shown that, in stable atherosclerotic plaques, lym-
phocytes are present but are normally less frequent than macro-
phages, with lymphocyte/macrophage ratios typically ranging from
0.1 to 0.6 [19e21]. However, in unstable plaques, the lymphocyte/
macrophage ratio increases such that there are roughly equal
numbers of the two cell types [21,22]. Thus, the increased CD3/
CD68 ratio observed here, in the setting of therapeutic ICI, may
indicate a shift in the plaque inflammatory cell composition to one
that promotes atherosclerosis and/or plaque instability. None of the
plaques in either group showed features of acute or recent
disruption. One of the fibroatheromas in the ICI group had a focally
thin fibrous cap, but this particular plaque did not show an
increased CD3/CD68 ratio. ICI did not significantly alter the pro-
portion of CD3þ T cells expressing CD8. The CD8/CD3 ratios
observed here in coronary artery atherosclerotic plaques are similar
to those reported previously in aortic and carotid plaques
[19,22e28].

The role of lymphocytes in atherosclerosis has been extensively
studied in murine models, which have shown that lymphocytes of
the Th1 lineage promote atherosclerotic lesion development
[29e31]. However, regulatory T cells are antiatherogenic in murine
models, and the roles of lymphocytes of the Th2 and Th17 lineages
are less clear. In murine models, interfering with immune coinhi-
bitory pathways has been demonstrated to promote atherosclerotic
lesion development. In Ldlr�/� mice, blocking PD-1 or deficiency of
PD-1 or its ligands accelerated atherosclerosis and increased
lymphocyte infiltration into the plaques [32,33]. In hypercholes-
terolemic mice, administration of antibodies that block CTLA-4 also
resulted in increased atherosclerosis [34]. Conversely, Apoe�/�

mice with transgenic constitutive CTLA-4 expression on T-lym-
phocytes had reduced atherosclerosis [35]. Lymphocytes of the Th1
lineage also have the ability to decrease plaque stability by
secreting interferon-g [14]. Overall, these prior mouse and human
studies suggest that the increased CD3/CD68 ratio observed here in
the setting of ICI treatment may be promoting atherosclerotic
lesion development and/or plaque instability. However, clarifica-
tion of the definitive role of this altered plaque inflammatory
infiltrate in the setting of ICI treatment will require more extensive
cellular analysis and long-term clinical follow-up.

This study has several limitations. This was an autopsy study,
and the patients analyzed here may not be representative of all
cancer patients. The number of patients analyzed was relatively
small, and the influence of potential confounders cannot be entirely
excluded. There is a clear but nonsignificant trend towards
increasing CD3þ T cells in the atherosclerotic plaques with ICI
treatment; however, given the relationship of the CD3þ T cell
density to the macrophage density and given the high variability of
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the macrophage density, a larger sample size will be required to
establish the statistical significance of the absolute CD3þ T cell
density in this setting. Also, due to the nature of the pathologic
material available for analysis, additional studies to more fully
characterize the inflammatory cells, such as flow cytometry and
FoxP3 immunohistochemistry, could not be performed.

In this series of cancer patients, ICI treatment was associated
with an altered coronary artery atherosclerotic plaque inflamma-
tory cell composition characterized by an increased ratio of CD3þ T
cells to the CD68þ macrophages. Further studies will be required to
delineate the clinical significance of this pathologic change.
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