
Modern Pathology (2020) 33:99–108
https://doi.org/10.1038/s41379-019-0363-0

ARTICLE

Immune checkpoint inhibitor associated myocarditis occurs in both
high-grade and low-grade forms

Samantha N. Champion1
● James R. Stone1

Received: 7 June 2019 / Revised: 20 August 2019 / Accepted: 21 August 2019 / Published online: 18 September 2019
© The Author(s), under exclusive licence to United States & Canadian Academy of Pathology 2019

Abstract
Immune checkpoint inhibitor therapy for malignancy has been associated with adverse events including myocarditis. It has
been unclear if there are distinct pathologic grades of this myocarditis that are associated with distinct clinical outcomes.
Cardiac tissue from ten patients with immune checkpoint inhibitor myocarditis (nine biopsies and one autopsy) were
evaluated using immunohistochemistry for CD3, CD8, CD68, tryptase, PD-L1, and C4D. The immune checkpoint inhibitor
myocarditis cases were classified as either high grade (>50 CD3+ cells/hpf) or low grade (≤50 CD3+ cells/hpf). The densities
of macrophages, T cells, eosinophils, necrotic myocytes, and PD-L1+ macrophages and myocytes were compared between
the two groups and with 13 cases of grade 2R acute cellular allograft rejection. Three patients were classified as high-grade
myocarditis and seven as low grade. There were higher densities of CD3+ cells and CD8+ cells in high-grade immune
checkpoint inhibitor myocarditis and rejection compared with low-grade myocarditis. The number of CD68+ macrophages
was higher in high-grade myocarditis compared with low-grade myocarditis and rejection. For both grades of myocarditis,
there was a higher CD68/CD3 ratio and a higher density of PD-L1+ macrophages and myocytes compared with rejection.
Clinically, there were trends toward higher serum troponin levels and shorter interval from first immune checkpoint inhibitor
treatment in the high-grade myocarditis group compared with the low-grade group. All the patients with high-grade
myocarditis died, while all the patients with low-grade myocarditis were still living. These data suggest that immune
checkpoint inhibitor myocarditis occurs in two forms, a high-grade form with increased inflammatory cell infiltration and a
more fulminant clinical course, and a low-grade form with a lower degree of inflammatory cell infiltration and a more
indolent clinical course. Compared with acute cellular rejection, immune checkpoint inhibitor myocarditis is characterized
by a more lymphohistiocytic inflammatory infiltrate with an increased CD68/CD3 ratio and increased PD-L1+ macrophages
and myocytes.

Introduction

Malignant cells may express neoantigens, and thus can be
targeted by the immune system. However in some patients,
the immune response is suppressed due to signaling through
immune inhibitory receptors such as programmed cell death
protein 1 (PD-1) and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) [1, 2]. This immune suppression may
be facilitated by expression of the PD-1 ligand PD-L1 by
the cancer cells. Blockade of these immune checkpoints can

be accomplished by the administration of specific anti-
bodies, and such immune checkpoint inhibition has become
an important new approach to treat malignancy [3]. How-
ever, immune checkpoint inhibition therapy can result in
adverse reactions that mimic autoimmune processes. While
often relatively benign, these immune-related adverse
events affect multiple organ systems and occur in up to
70–90% of patients treated with immune checkpoint inhi-
bitors [4–7].

One of the less common but more severe types of
immune-related adverse events in the setting of immune
checkpoint inhibition treatment is myocarditis [8]. Immune
checkpoint inhibitor myocarditis only affects ~1% of
patients treated with immune checkpoint inhibitors but has a
mortality of ~50% [9–12]. Thus, gaining an understanding
of the features of immune checkpoint inhibitor myocarditis
that are associated with poor outcome is of much
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importance. Interestingly, there is significant variability in
the clinical presentation of patients with immune checkpoint
inhibitor myocarditis. While the median time to presentation
from first immune checkpoint inhibitor treatment is typi-
cally on the order of 1–2 months, patients may present more
than a year after initiating immune checkpoint inhibition
therapy [12, 13]. Likewise patients may experience fatal
myocarditis after a single cycle of immune checkpoint
inhibition treatment [14], or may not present with cardio-
toxicity until after 30 infusions of immune checkpoint
inhibition treatment [13]. It has been unclear as to whether
or not there are specific pathologic features correlating with
these varied clinical presentations.

Currently, reports of the pathologic features of immune
checkpoint inhibitor myocarditis are limited to case reports
and small case series [14–31]. These case reports have
indicated the inflammatory infiltrate to be either lympho-
cytic or lymphohistiocytic. A small number of case reports
have indicated the presence of eosinophils [20], and one
case, which was published twice, was reported to also
contain giant cells [20, 32]. Immune checkpoint inhibitor
myocarditis is often considered to be similar to cardiac
allograft rejection, and this perceived similarity has been
used as evidence for treating patients with immune check-
point inhibitor myocarditis with medications that have been
successful in the setting of cardiac allograft rejection, such
anti-thymocyte globulin [11, 12, 14, 22]. However, it has
been unclear how the pathology of immune checkpoint
inhibitor myocarditis compares with more traditional myo-
cardial inflammatory conditions such as cardiac allograft
rejection. It has also been unclear if there are distinct
pathologic grades of immune checkpoint inhibitor myo-
carditis and if such grades are associated with distinct
clinical outcomes. Here we address these questions with a
series of ten cases of immune checkpoint inhibitor myo-
carditis by classifying them into high-grade and low-grade
groups, correlating the histologic grades with clinical pre-
sentation and outcome, and comparing the quantitative
histologic features of immune checkpoint inhibitor myo-
carditis with those of cardiac allograft rejection.

Materials and methods

Case selection

The pathology database at Massachusetts General Hospital
were searched to identify cases of myocarditis in the setting
of immune checkpoint inhibition treatment from Jan 2016
up through Feb 2019. For each patient, only the initial
cardiac pathology specimen, either endomyocardial biopsy
or autopsy, was included in the primarily analysis [33]. As a
comparison group, 13 consecutive endomyocardial biopsies

of heart transplant patients with International Society of
Heart and Lung Transplantation grade 2R acute cellular
rejection obtained during 2017–2018 were also studied
[34]. For each immune checkpoint inhibitor myocarditis
case, the patient age, gender, left ventricular ejection frac-
tion from echocardiography, serum troponin-T level, inter-
val between first immune checkpoint inhibition treatment to
biopsy/autopsy, number of cycles of immune checkpoint
inhibition treatment, specific immune checkpoint inhibitor
utilized, cancer type, and survival were obtained from the
medical records. In a separate analysis, ten endomyocardial
biopsies from cardiac transplant patients without rejection
and ten native heart biopsies/resections without myocarditis
were also utilized. The latter group consisted of seven
native endomyocardial biopsies that were negative for
myocarditis, as well as two resected left ventricular apical
core segments and one surgically resected heart from
patients with idiopathic dilated cardiomyopathy. The study
was approved by the Hospital’s human subjects institutional
review board.

Histologic staining and evaluation

The cardiac pathology specimens were evaluated histolo-
gically by routine hematoxylin and eosin staining and by
using immunohistochemistry for CD3, CD68, tryptase, and
C4D as single stains and for CD8/PD-L1 as a double stain
with CD8 in red and PD-L1 in brown [35]. All immuno-
histochemical stains were performed on routine automated
clinical immunohistochemical staining devices. Cells
staining positively were counted using an Olympus CX41
microscope with a 400× high power field (hpf) size of 0.85
mm2. The numbers of cells staining in ten (10) 400× hpfs
with the most inflammation were counted, and the data
expressed as cells/hpf (mean ± Standard Error (SE)). PD-L1
+ macrophages and cardiac myocytes were each quantified
based on the presence of diffuse membrane or diffuse
cytoplasmic PD-L1 staining and on the morphology of the
cells. Eosinophils were identified on the hematoxylin and
eosin stained slides. The immune checkpoint inhibitor
myocarditis cases were divided into two groups based on
the density of CD3+ T cells: high-grade immune checkpoint
inhibitor myocarditis (>50 CD3+ cells/hpf) or low-grade
immune checkpoint inhibitor myocarditis (≤50 CD3+ cells/
hpf). The presence and/or densities of CD3+ T-lympho-
cytes, CD8+ cytotoxic T-lymphocytes, CD68+ macro-
phages, tryptase+ mast cells, eosinophils, necrotic C4D+

myocytes, and PD-L1+ macrophages and myocytes were
compared between the three groups (high-grade immune
checkpoint inhibitor myocarditis, low-grade immune
checkpoint inhibitor myocarditis, grade 2R acute cellular
rejection), as were the ratio of the CD68+ cells/CD3+

cells (CD68/CD3), the ratio of the CD8+ cells/CD3+ cells
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(CD8/CD3) and the percentage of macrophages expressing
PD-L1, which was calculated using the densities of the
PD-L1+ macrophages and total CD68+ macrophages. The 20
heart biopsies and resections without myocarditis or rejection
were evaluated by immunohistochemistry for PD-L1.

Statistical analyses

For the histologic assessments, since the data were skewed
the continuous variables without values of zero were log
transformed, and the three groups were compared with
ANOVA with post-test by the Bonferoni method. Con-
tinuous variables, in which there were values of zero for any
of the cases, were converted to dichotomous variables based
on the presence or absence of the variable and/or an opti-
mized threshold for the variable, and these dichotomous
variables were compared using Fisher Exact test. Clinical
features were compared between the two immune check-
point inhibitor myocarditis groups using t-test, chi square
test, or Fisher exact test as appropriate. Correlations were
assessed by linear regression. P values < 0.05 were con-
sidered significant.

Results

Ten cases of immune checkpoint inhibitor myocarditis were
identified that met the study criteria, nine cases of endo-
myocardial biopsy and one autopsy (Table 1). There were
four patients with melanoma, two patients with pulmonary
adenocarcinoma, and one patient each with renal cell car-
cinoma, cholangiocarcinoma, oral squamous cell carci-
noma, and salivary gland mucoepidermoid carcinoma. All
cases showed lymphocyte-rich inflammation on hematox-
ylin and eosin stain (Fig. 1). Eight of the ten cases met full
Dallas criteria for myocarditis with clear myocyte injury. In
all eight of these cases the myocyte injury was in discrete
foci, and in no case was the infiltrate and injury diffuse
throughout the specimen. In the autopsy case, discrete foci
of myocarditis were present in every tissue block sampled
from both ventricles. The other two cases were borderline
for myocarditis, lacking definitive evidence of myocyte
injury [33].

Based on the degree of CD3+ T-cell infiltration, three of
the immune checkpoint inhibitor myocarditis cases were
classified as high-grade immune checkpoint inhibitor myo-
carditis (>50 CD3+ cells/hpf) and seven as low-grade
immune checkpoint inhibitor myocarditis (≤50 CD3+ cells/
hpf). The degrees of CD3+ and CD8+ T-cell infiltration in
high-grade immune checkpoint inhibitor myocarditis were
both similar to that in grade 2R acute cellular rejection, but
were greater than seen in low-grade immune checkpoint
inhibitor myocarditis (Figs. 1 and 2). However the degree of

macrophage infiltration in high-grade immune checkpoint
inhibitor myocarditis was greater than that seen in grade 2R
acute cellular rejection. Interestingly, the ratio of CD68+

cells to CD3+ cells (CD68/CD3) was similar in low-grade
immune checkpoint inhibitor myocarditis and high-grade
immune checkpoint inhibitor myocarditis, but for both
immune checkpoint inhibitor myocarditis groups, the CD68/
CD3 ratio was greater than that seen in grade 2R acute
cellular rejection (P= 0.01), indicating immune checkpoint
inhibitor myocarditis has more lymphohistiocytic character
than does grade 2R acute cellular rejection, which manifests
with a lymphocytic pattern of inflammation. There were no
differences between the three groups in terms of the ratio of
CD8+ cells to CD3+ cells (CD8/CD3) or the density of
tryptase+ mast cells (Fig. 2). Occasional eosinophils were
identified in 2 (67%) of the high-grade immune checkpoint
inhibitor myocarditis cases, 2 (29%) of the low-grade
immune checkpoint inhibitor myocarditis cases, and 4
(31%) of the grade 2R acute cellular rejection cases. None of
the cases contained giant cells or granulomas.

Variable numbers of macrophages were found to stain
for PD-L1, and occasional myocytes were observed to stain
for PD-L1 with either a diffuse cytoplasmic pattern or a
diffuse membranous pattern (Fig. 3a). Variable numbers of
endothelial cells were also observed to stain for PD-L1 in all
three groups (not shown). Definitive lymphocyte PD-L1
staining was not observed. There was a trend toward

Table 1 Immune checkpoint inhibitor myocarditis patient characteristics

High grade Low grade P

n 3 7

Age (years) 73 ± 5 71 ± 6 0.86

Female sex, n (%) 2 (67) 0 (0) 0.07

Left ventricular ejection fraction (%) 51 ± 8 55 ± 6 0.73

Serum troponin-T (ng/L) 1430 ± 510 125 ± 91 0.12

Interval first treatment to biopsy/
autopsy (days)

27 ± 5 307 ± 139 0.09

Cycles of immune checkpoint
inhibition therapy

1.3 ± 0.3 6.9 ± 3.7 0.19

Cancer type, n (%) 0.79

Melanoma 1 (33) 3 (43)

Lung 1 (33) 1 (14)

Othera 1 (33) 3 (43)

Immune checkpoint inhibitor, n (%) 0.79

Nivolumab (anti-PD-1) 1 (33) 3 (43)

Pembrolizumab (anti-PD-1) 1 (33) 3 (43)

Ipilimumab (anti-CTLA-4)+
Nivolumab (anti-PD-1)

1 (33) 1 (14)

Values expressed as mean ± SE or n (%)
aCholangiocarcinoma, salivary gland carcinoma, oral squamous cell
carcinoma, and renal cell carcinoma
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increasing densities of PD-L1+ macrophages in the immune
checkpoint inhibitor myocarditis groups compared with
grade 2R acute cellular rejection (Fig. 3b). Interestingly, the
percentage of macrophages staining for PD-L1 was higher
in the low-grade immune checkpoint inhibitor myocarditis
cases compared with the high-grade immune checkpoint
inhibitor myocarditis and grade 2R acute cellular rejection
cases (Fig. 3c). After log transformation, the percentage of
PD-L1+ macrophages was inversely correlated with the
degree of CD3+ T-cell infiltration (P= 0.03, Fig. 3d). PD-
L1+ myocytes were present in all of the immune checkpoint
inhibitor myocarditis cases but only about half of the grade
2R acute cellular rejection cases (Fig. 3e). Frequent PD-L1+

myocytes (>10/10 hpf) were seen in two of the three high-
grade immune checkpoint inhibitor myocarditis cases but
none of the low-grade immune checkpoint inhibitor myo-
carditis or grade 2R acute cellular rejection cases (Fig. 3f).
The frequency of total PD-L1+ positive cells (myocytes+
macrophages) was lower in the grade 2R acute cellular
rejection cases compared with both high-grade immune
checkpoint inhibitor myocarditis (P= 0.003) and low-grade
immune checkpoint inhibitor myocarditis (P= 0.01,
Fig. 3g). Analysis of ten endomyocardial biopsies from
cardiac transplant patients without rejection as well as ten
native heart biopsies/resections without myocarditis showed
variable endothelial staining for PD-L1 in all cases but no

Fig. 1 Immunohistochemical staining of immune checkpoint inhibitor
myocarditis and allograft rejection. Shown are representative histologic
images at ×400 magnification of H&E stained slides and immunohis-
tochemical stains for CD3, CD68, and the combination PD-L1/CD8

double stain with PD-L1 in brown and CD8 in red for a high-grade
immune checkpoint inhibitor myocarditis case (high grade), a low-grade
immune checkpoint inhibitor myocarditis case (low grade), and a case of
grade 2R acute cellular rejection (Rejection)...(Color figure online)
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myocyte PD-L1 staining (Fig. 3h–j). Necrotic C4D+ myo-
cytes were identified in all of the high-grade immune
checkpoint inhibitor myocarditis cases, most of the low-
grade immune checkpoint inhibitor myocarditis cases, but
only a small number of the grade 2R acute cellular rejection
cases (Fig. 4). Extensive necrotic C4D+ myocytes (>5/10
hpf) were seen in all of the high-grade immune checkpoint
inhibitor myocarditis cases but none of the low-grade
immune checkpoint inhibitor myocarditis cases (P= 0.008)
and only one of the grade 2R acute cellular rejection cases
(P= 0.007).

Compared with the patients with low-grade immune
checkpoint inhibitor myocarditis, in the patients with high-
grade immune checkpoint inhibitor myocarditis there were
nonsignificant trends toward higher serum troponin levels,

shorter interval from first immune checkpoint inhibition
treatment, and fewer cycles of immune checkpoint inhibi-
tion treatment. All of the low-grade immune checkpoint
inhibitor myocarditis patients were male, but two of the
three high-grade immune checkpoint inhibitor myocarditis
patients were female. There were no differences between
the two immune checkpoint inhibitor myocarditis groups
regarding age, left ventricular ejection fraction, specific
immune checkpoint inhibitor therapies, or type of cancer
being treated (Table 1). All of the patients with high-grade
immune checkpoint inhibitor myocarditis died. Two of the
patients with high-grade immune checkpoint inhibitor
myocarditis were diagnosed on endomyocardial biopsy and
died 30 days later despite immunosuppressive therapy. One
of these patients received high-dose corticosteroids,

Fig. 2 Comparing the inflammatory infiltrates in high-grade immune
checkpoint inhibitor myocarditis, low-grade immune checkpoint
inhibitor myocarditis, and allograft rejection. Depicted are dots plots
comparing high-grade immune checkpoint inhibitor myocarditis (high
grade), low-grade immune checkpoint inhibitor myocarditis (low
grade), and grade 2R acute cellular rejection (rejection) for the number
of cells/hpf expressing CD3 (a), CD8 (b), CD68 (c), as well as the
ratio of CD68+ cells/CD3+ cells (d), and the ratio of CD8+ cells to
CD3+ cells (e). There are more lymphocytes and macrophages in high-

grade immune checkpoint inhibitor myocarditis compared with low-
grade immune checkpoint inhibitor myocarditis. High-grade immune
checkpoint inhibitor myocarditis has comparable numbers of lym-
phocytes to grade 2R acute cellular rejection, but more macrophages
than are present in grade 2R acute cellular rejection. The CD68/CD3
ratio is higher in immune checkpoint inhibitor myocarditis than acute
cellular rejection. There is no difference in the CD8/CD3 ratios or the
densities of tryptase+ mast cells (f)
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infliximab, and mycophenolate mofetil and yet showed
persistent myocarditis at autopsy (not shown). The third
patient with high-grade immune checkpoint inhibitor myo-
carditis was diagnosed at autopsy. In contrast to high-grade
immune checkpoint inhibitor myocarditis, the seven

patients with low-grade immune checkpoint inhibitor
myocarditis were all alive on follow-up (P= 0.008), with a
median follow-up interval of 199 days and a range of
54–335 days. Selected pathologic and clinical features,
which may be useful for discriminating high-grade immune
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checkpoint inhibitor myocarditis from low-grade immune
checkpoint inhibitor myocarditis, are shown in Fig. 5.

Discussion

A key finding of this study is that immune checkpoint
inhibitor myocarditis can be divided into high-grade and
low-grade forms based on the density of the inflammatory
infiltration, and that these grades of immune checkpoint
inhibitor myocarditis so defined correlate with clinical
outcome. High-grade immune checkpoint inhibitor myo-
carditis is also characterized by significantly more myocyte
necrosis, and, thus, can be considered a necrotizing
myocarditis analogous to acute necrotizing eosinophilic
myocarditis and giant cell myocarditis [33, 36]. Similar to
those conditions, immune checkpoint inhibitor myocarditis
does have substantial lymphohistiocytic character. How-
ever, while occasional eosinophils were identified in 40% of
the immune checkpoint inhibitor myocarditis cases in this
series, the degree of eosinophilic infiltration is much less in
immune checkpoint inhibitor myocarditis than typically
encountered in acute necrotizing eosinophilic myocarditis
and giant cell myocarditis [36]. The histologic features of
immune checkpoint inhibitor myocarditis in this series were
not associated with the specific type of immune checkpoint
inhibitor utilized. Importantly, in contrast to a recent study
of immune checkpoint inhibitor associated hepatitis [37],
immune checkpoint inhibitor myocarditis does not appear to
selectively show granulomatous inflammation in the setting
of CTLA-4 inhibition.

An unexpected finding of this study was that the per-
centage of macrophages that expressed PD-L1 was

inversely related to the degree of the inflammatory infiltrate,
and, thus, the grade of immune checkpoint inhibitor myo-
carditis. Low PD-L1 expression on macrophages has been
associated with M2 polarization [38]. Thus, the lower per-
centage of PD-L1+ macrophages in the high-grade immune
checkpoint inhibitor myocarditis cases compared with the
low-grade immune checkpoint inhibitor myocarditis cases
seen here could be a result of an influx of reparative M2-
polarized macrophages in response to the enhanced myo-
cyte necrosis in the high-grade immune checkpoint inhibitor
myocarditis cases. Interestingly in septic patients, PD-L1
expression on monocytes was recently found to be
decreased in nonsurvivors compared with survivors, similar
to our observations in this series of myocarditis patients
[39]. However, a previous study had found the opposite
with lower monocyte PD-L1 expression in survivors com-
pared with nonsurvivors of sepsis [40]. The role of the
macrophages in immune checkpoint inhibitor myocarditis
and the significance of macrophage PD-L1 expression in
this disease will require further studies.

In general regardless of grade, immune checkpoint
inhibitor myocarditis does appear to be distinct from typical
ISHLT grade 2R cardiac allograft rejection. Primarily,
immune checkpoint inhibitor myocarditis is more lympho-
histiocytic than grade 2R cardiac allograft rejection with an
increased CD68/CD3 ratio. Immune checkpoint inhibitor
myocarditis is also distinguished by increased overall
expression of PD-L1, which is due to expression on both
macrophages and myocytes. The increased expression of
PD-L1 on myocytes in high-grade immune checkpoint
inhibitor myocarditis compared with grade 2R acute cellular
rejection despite comparable degrees of lymphocytic infil-
tration is particularly interesting. This could simply be a
result of the more necrotizing nature of high-grade immune
checkpoint inhibitor myocarditis or possibly a selective
upregulation of PD-L1 due to therapeutic PD-1 blockade.
Given that only about half of the grade 2R acute cellular
rejection cases showed any PD-L1 myocyte staining and
none of these cases showed frequent myocyte staining of
>10/10 HPF, elucidation of the role of myocyte PD-L1
expression in allograft rejection and the diagnostic utility of
PD-L1 staining in the setting of allograft rejection will
require further studies.

It will be important to understand the relationship
between PD-L1 staining of myocytes and myocyte necrosis.
Within the high-grade immune checkpoint inhibitor myo-
carditis group, there was an average of 15 C4D+ myocytes/
HPF but only 2.6 PD-L1+ myocytes/HPF. Thus, most of the
necrotic myocytes in the high-grade immune checkpoint
inhibitor myocarditis group do not stain for PD-L1. In
addition, many of the myocytes expressing PD-L1 do not
appear overtly necrotic on the immunohistochemical stain
(Fig. 3a). Comparing serial sections, some of the PD-L1+

Fig. 3 PD-L1 expression by macrophages and cardiac myocytes. PD-
L1+ myocytes were identified with either a diffuse cytoplasmic
staining pattern (a left) or a membranous pattern (a middle). Interstitial
PD-L1+ macrophages were also identified (a right). Dot plots are
shown comparing the three groups for the density of PD-L1+ mac-
rophages (b) and the percentage of macrophages expressing PD-L1
(c). A linear regression analysis of the ten immune checkpoint inhi-
bitor myocarditis cases shows the relationship between the percentage
of macrophages expressing PD-L1 and the density of CD3+ cells (d).
Shown are bar graphs depicting the percentage of cases in each group
with PD-L1+ myocytes (e) and the percentage of cases with more than
10 PD-L1+ myocytes/10 hpf (f); the numbers just above each bar
indicate the number of patients with the feature over the total number
of patients in each group. The sum of the densities of the PD-L1+

macrophages and the PD-L1+ myocytes was greater in the immune
checkpoint inhibitor myocarditis groups than in the 2R acute cellular
rejection group (g). Immunohistochemical stains on an endomyo-
cardial biopsy from a cardiac transplant patient without rejection (h), a
native endomyocardial biopsy that was negative for myocarditis
(i), and a left ventricular apical core section removed during the
implantation of a left ventricular assist device in a patient with heart
failure (j), all show variable endothelial PD-L1 staining, but no
staining of the myocytes for PD-L1
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myocytes were in regions with C4D+ myocytes, but some
were not. Four of the low-grade immune checkpoint inhi-
bitor myocarditis cases contained PD-L1+ myocytes but not
C4D+ myocytes. Thus, the PD-L1 staining of the myocytes
does not appear to be simply secondary to necrosis. How-
ever, some of the PD-L1+ myocytes in immune checkpoint
inhibitor myocarditis may also be necrotic. Additional
double-labeling studies will be required to address this issue
more completely.

While this study indicates that there are different grades
of immune checkpoint inhibitor myocarditis, precisely
defining these grades in the most clinically useful manner
will require larger studies. Even though CD3 was used to
define the grades in this study, it is clear from Fig. 5 that
CD8 and CD68 may be equally useful for distinguishing
these grades. If the ISHLT grading system had been applied
to these cases of immune checkpoint inhibitor myocarditis,
then five of the cases would be graded as 1R and five as 2R.
Thus applying the ISHLT system and focusing on cases
with a grade of 2R or above, would be a quick and sensitive
method to identify the high-grade immune checkpoint
inhibitor myocarditis pathology described here, but would
not be specific, as two of the low-grade immune checkpoint
inhibitor myocarditis cases would also be graded as 2R
(Fig. 5). Likewise, the clinical features of high serum tro-
ponin (>300 ng/L) and short interval from first immune
checkpoint inhibitor treatment to biopsy/autopsy (<40 days)
were also sensitive but not specific for high-grade immune
checkpoint inhibitor myocarditis. The presence of eosino-
phils did trend with high-grade immune checkpoint inhi-
bitor myocarditis compared with low-grade immune
checkpoint inhibitor myocarditis, but lacked both sensitivity
and specificity for differentiating the grades.

This study has several limitations. While this is the lar-
gest series of immune checkpoint inhibitor myocarditis
cases yet reported, the number of patients was relatively
small, particularly in the high-grade immune checkpoint
inhibitor myocarditis group. This study was focused on
patients who had undergone endomyocardial biopsy or
autopsy and thus may contain selection bias, which may

Fig. 4 C4D+ necrotic myocytes.
Shown are histologic images at
×400 magnification of C4D
immunohistochemical stains.
For high-grade immune
checkpoint inhibitor myocarditis
(a) there are numerous necrotic
C4D+ myocytes. For low-grade
immune checkpoint inhibitor
myocarditis (b), there are rare
C4D+ necrotic myocytes. Most
cases of 2R acute cellular
rejection showed no C4D+

necrotic myocytes (c). Shown
are bar graphs depicting the
percentage of cases in each
group with C4D+ necrotic
myocytes (d) and the percentage
of cases with more than five
C4D+ necrotic myocytes/10 hpf
(e); the numbers just above each
bar indicate the number of
patients with the feature over the
total number of patients in
each group

Fig. 5 Contrasting high-grade immune checkpoint inhibitor myo-
carditis and low-grade immune checkpoint inhibitor myocarditis. A
heat map listing selected features associated with high-grade immune
checkpoint inhibitor myocarditis and indicating the presence (red box)
or absence (green box) of that feature for each of the ten patients. The
patients are arranged in order of increasing CD3+ cell density from left
to right. The interval to biopsy indicates the interval from first immune
checkpoint inhibition treatment to biopsy or autopsy...(Color figure
online)
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render the patients in this study to not be fully representa-
tive of all patients with immune checkpoint inhibitor
myocarditis. All of the high-grade immune checkpoint
inhibitor myocarditis patients and one of the low-grade
immune checkpoint inhibitor myocarditis patients in this
study had received corticosteroids prior to biopsy/autopsy,
and these treatments may have altered histologic features
such as the expression of PD-L1 by macrophages and the
presence of eosinophils.

In conclusion, immune checkpoint inhibitor myocarditis
occurs in two forms, a high-grade form with a more ful-
minant clinical course, and a low-grade form with a more
indolent clinical course. Compared with ISHLT grade 2R
acute cellular rejection, immune checkpoint inhibitor myo-
carditis is characterized by more lymphohistiocytic inflam-
mation with an increased CD68/CD3 ratio and increased
numbers of PD-L1+ macrophages and myocytes.
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