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Incidence and severity of immune-related 
hepatitis after dual checkpoint therapy is linked 
to younger age independent of herpes virus 
immunity
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Abstract 

Background and Aims: Dual immune checkpoint blockade (ICB) therapy can result in immune‑related‑adverse 
events (irAE) such as ICB‑hepatitis. An expansion of effector‑memory (TEM) CD4 T cells associated with antiviral immu‑
nity against herpesviridae was implicated in ICB‑hepatitis. Notably, these memory subsets are frequently associated 
with age. Here, we sought to understand baseline patient, immune and viral biomarkers associated with the devel‑
opment of ICB‑hepatitis to identify currently lacking baseline predictors and test if an expansion of TEM or positive 
serology against herpesviridae can predict ICB‑hepatitis.

Methods: A discovery (n = 39) and validation cohort (n = 67) of patients with advanced melanoma undergoing anti‑
PD‑1&anti‑CTLA4 combination therapy (total n = 106) were analyzed for baseline clinical characteristics, occurrence of 
irAE and oncological outcomes alongside serological status for CMV, EBV and HSV. Immune populations were profiled 
by high‑parametric flow cytometry (n = 29).

Results: ICB‑hepatitis occurred in 59% of patients within 100 days; 35.9% developed severe (CTCAE 3–4) hepatitis. 
Incidence of ICB‑hepatitis was higher in the younger (< 55y: 85.7%) compared to older (> = 55y: 27.8%) age group 
(p = 0.0003), occured earlier in younger patients (p < 0.0001). The association of younger age with ICB‑Hepatitis was 
also observed in the validation cohort (p = 0.0486). Incidence of ICB‑hepatitis was also associated with additional non‑
hepatic irAE (p = 0.018), but neither positive IgG serostatus for CMV, EBV or HSV nor TEM subsets despite an associa‑
tion of T cell subsets with age.

Conclusion: Younger age more accurately predicts ICB‑hepatitis after anti‑PD‑1&anti‑CTLA4 checkpoint therapy at 
baseline compared to herpes virus serology or TEM subsets. Younger patients should be carefully monitored for the 
development of ICB‑hepatitis.
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Background
Combination immune checkpoint blockade (ICB) immu-
notherapy with anti-PD-1 & anti-CTLA4 is now in 
widespread use for unresectable/metastatic melanoma, 
non-small cell lung cancer (NSCLC) with TPS ≥ 1%, 
pleural mesothelioma and is currently under intensive 
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evaluation in other oncological indication. The high 
clinical efficacy of combination immunotherapy how-
ever comes at the cost of a higher incidence of immune-
related adverse events (irAE). In clinical trials for 
malignant melanoma, 30–55% patients treated with com-
binational therapy had severe CTCAE grade 3–4 adverse 
events [1–5], which limits continuation of therapy, and, 
in some cases, may lead to significant harm and death 
[6]. Hepatitis is one of the most common irAE causing 
severe (CTCAE 3–4) toxicity in anti-PD-1 & anti-CTLA4 
therapy with incidence rates reported up to 33% [1, 3, 7]. 
Immune-related hepatitis (ICB-hepatitis) is diagnosed 
during checkpoint blockade therapy based on changes 
in Alanine-Aminotransferase (ALT), Aspartate-Ami-
notransferase (AST) and other indices of liver function 
following exclusion of alternative etiologies of hepatitis 
[8]. Management strategies range from close observation 
to immunosuppressive therapy depending on CTCAE 
grading [9].

However, despite emerging evidence of dynamic 
changes in immune cell function in ICB-hepatitis [10], 
there is currently a lack of precise mechanistic under-
standing of the pathogenesis of this new disease entity, 
leading to the lack of effective prophylactic management 
and patient-tailored surveillance strategies. Recently, a 
potential association between baseline immune responses 
and the occurrence of severe irAE and ICB-hepatitis was 
reported. Lozano et al. described a link between activated 
CD4+ effector memory T cell  (TEM) populations and the 
development of severe adverse events after anti-PD-1/
combinational blockade therapy [11]. Hutchinson et  al. 
reported an enrichment of CMV-associated  TEM CD4 
populations in the peripheral blood of patients who fur-
ther developed hepatitis in their cohort [12], instigating a 
provocative suggestion whether introduction of selective 
antivirals against Herpesviridae might be beneficial in 
the prevention or therapy of checkpoint-related immune 
hepatitis.

Exposure to Herpesviridae as evidenced by seropreva-
lence against CMV, EBV or HSV 1–2 is increasing with 
age [13]. However, many changes in T cell populations, 
such as the reduction of naïve T cells and accumulation 
of  TEM or  TEMRA cells are associated with aging, and age 
together with CMV infection have been identified as 
major variables associated with expansion of TEM cells, 
including in cohorts of monocygotic twins [14, 15]. Thus, 
age and CMV infection may both contribute to expan-
sion of  TEM CD4 responses and affect the incidence ICB-
hepatitis. In this study we therefore sought to understand 
the role of age, gender and baseline herpes virus immu-
nity in a prospectively recruited discovery and retrospec-
tive validation cohort of stage III/IV melanoma patients 
treated with anti-PD-1 & anti-CTLA4 combination 

therapy reflecting real-world patient cohorts at a tertiary 
academic medical center.

Our data from n = 106 stage III/IV melanoma patients 
who received combinational ICB therapy with anti-PD-1 
and anti-CTLA4 identifies age, but not underlying herpes 
virus immunity or peripheral TEM subsets as the major 
variable associated with the risk for immune-checkpoint 
associated hepatitis.

Methods
Patient recruitment
Melanoma patients treated with anti-PD-1 & anti-
CTLA4 combinational therapy from 01/2016 to 09/2021 
at the University Medical Center Freiburg, Dpt. of Der-
matology were prospectively included in the discovery 
cohort (n = 40). A total of 111 patients were identified 
in clinical records. The remaining (n = 71) patients were 
retrospectively evaluated in the validation cohort (see 
Additional file 1: Fig. S2). All included patients had base-
line ALT and AST levels below 2xULN and underwent 
screening for Hepatitis B and Hepatitis C Virus infection. 
Evaluation of hepatitis was based on ALT, AST and biliru-
bin evaluations according to CTCAE 5.0. Other adverse 
events were identified by retrospective evaluation of clin-
ical records. Patients with hepatitis of other etiology were 
subsequently excluded from the analysis, this affected 1 
patient in the discovery cohort was excluded from analy-
sis due to alternative cause of hepatitis (acute HEV infec-
tion). 4 patients in the validation cohort were excluded 
from analysis due to untraceable clinical data and lost 
to follow-up after therapy initiation. Tumor response 
was evaluated by radiographic evaluation as per clinical 
pathways 9–12 weeks from commencement of treatment. 
Progression (PD) was defined by radiographic disease 
progression or clinically unequivocal rapid disease pro-
gression necessitating cessation of ICB treatment. Tumor 
regression was determined by radiographic total (CR) 
or partial (PR) regression of tumor sites. Stable disease 
(SD) was defined by unchanged radiographic diagnosis. 
Patients without radiographic evaluation were noted not 
evaluable (NE). Objective response rate (ORR) was calcu-
lated as CR + PR/(total patients-NE); Disease control rate 
(DCR) was calculated as CR + PR + SD/(total patients–
NE). Tumor progression-free survival (PFS) was deter-
mined from therapy initiation until the date of tumor 
progression. Patients that switched therapy before tumor 
progression were censored at time of therapy switch.

Human samples
For patients in the discovery cohort, baseline blood was 
obtained on the day of therapy initiation. Plasma was 
isolated from EDTA tubes after 10 min of centrifugation 
at 1000g and stored at −  20 °C until use. PBMCs were 
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isolated by density gradient centrifugation and stored at 
-80C until use. For patients in validation cohort that did 
not have serology results for CMV, EBV and HSV prior 
to this study, leftover serum was used for identification 
of IgG positivity. Leftover serum was from the screening 
for HBV, HCV and HIV serology before therapy initia-
tion during routine clinical management at the Institute 
of Virology, University Medical Center Freiburg.

Ex vivo flow cytometry
Cells were thawed and counted. 1–2*10E6 cells were 
used for flow cytometry. Surface staining was performed 
in a total volume of 50 μl antibody master mix at RT for 
15  min and washed twice before acquiring on BD LSR 
Fortessa. For intracellular staining, cells were permeabi-
lized with FoxP3/Transcription Factor Staining Buffer Set 
(eBioscience) on ice for 30  min and washed twice with 
FoxP3 permeabilization buffer (eBioscience), followed by 
intracellular staining in a total volume of 50 μl antibody 
master mix on ice for 30  min. Cells were fixed with 2% 
PFA until measurement. Samples were then acquired and 
recorded on BD LSRFortessa™. For gating strategies see 
Additional file 1: Fig. S5.

Statistical analysis
Statistical analysis was performed with Graphpad version 
9.0. As indicated in figure legends, data were analyzed 
using two-tailed Mann–Whitney test, two-tailed chi-
square test, Fisher’s exact test, Kruskal–Wallis test, log-
rank survival analysis, receiver-operator characteristic 
(ROC) analysis or pairwise Pearson correlation.

Results
High incidence of hepatitis after PD‑1 & CTLA‑4 
combination checkpoint therapy in melanoma
We first evaluated the incidence of hepatitis and other 
immune-related adverse events (irAE) in a prospectively 
recruited discovery cohort of n = 39 patients after initia-
tion of anti-PD-1 & anti-CTLA4 therapy due to advanced 
melanoma over a period of 100  days. 87.2% of patients 
(34/39) developed one or more irAE (Fig.  1A). While 
28.2% of patients developed a single adverse event, 15.4% 
developed 2 types of adverse events and 17.9% and 25.6% 
of patients developed 3 or more types of adverse events. 
Specifically, we observed a high incidence of hepatitis 
irAE (59%) in our cohort (Fig. 1B). While 2.6% of patients 
developed mild hepatitis (grade 1), 20.5% developed 
moderate hepatitis (grade 2) and 25.6% and 10.3% devel-
oped severe grade 3 and 4 hepatitis, respectively, requir-
ing immunosuppressive therapy and treatment pause or 
discontinuation (Fig. 1C). There was no grade 5 toxicity. 
In sum, we observed a relatively high rate of hepatitis 

incidence in the first 100 days after anti-PD-1 & CTLA-4 
treatment initiation for advanced melanoma.

Hepatitis onset is associated with the development 
of additional irAE and age but not gender or treatment 
response
We next aimed to understand if development of hepati-
tis was associated with the development of other irAE, 
response to treatment, gender or age. Our discovery 
cohort consisted of patients with an age distribution 
between 19–73  years, a male dominance (71.8%) and 
ORR of 61.5% after 3  months, reflecting the real-life 
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Fig. 1 Incidence of immune‑related adverse events (irAE) in the 
first 100 days after initiation of therapy. A Pie chart depicting the 
percentage of patients who developed single or multiple types of 
irAE in the first 100d after therapy initiation. B Bar plot depicting 
the percentage of patients who developed certain types of adverse 
events as indicated. C Pie chart depicting the percentage of patients 
who escaped hepatitis or developed hepatitis of indicated severity in 
the first 100 days post therapy
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setting in our tertiary clinical centre (Additional file  1: 
Fig.  S1). As shown in Fig.  2A, there was no associa-
tion of hepatitis incidence with the oncologic response 
after three months (p = 0.7397) nor gender (p > 0.99) 
(Additional file  1: Table  S1). Patients with hepatitis had 
significantly higher co-incidence of skin, thyroid, gastro-
intestinal or hypophysal irAE (p = 0.018, Fig. 2B). Devel-
opment of irAE was significantly associated with age, 
with patients over 55  years old exhibiting higher inci-
dence for top five frequent irAE compared to younger 
patients under 55 (Fig. 2C). These data indicate that age 
might be a determining correlate of the onset of hepatitis 
and other irAE in our cohort.

Younger age is associated with incidence and severity 
of hepatic irAE in the discovery cohort
We next analyzed the connection between age and hepa-
titis incidence in more detail. Of note, 85.7% of patients 
under age 55 had hepatitis during the first 100  days of 
therapy, while only 27.8% of patients older than 55 years 
had hepatitis during our observation period (Fig.  3A). 
The significantly higher incidence of hepatitis in younger 
patients was also connected to hepatitis-free survival, an 
earlier onset and higher severity of hepatitis in younger 
patients (Fig. 3B, C) in the discovery cohort.

Younger age is associated with incidence and severity 
of hepatic irAE in the validation cohort
To exclude the possibility that patient characteristics 
other than age might have dictated the association with 
irAE in our discovery cohort, we sought to validate these 
findings in a retrospective analysis of all patients treated 

at our tertiary center during the recruitment period to 
address recruitment bias. The validation cohort consisted 
of n = 67 patients (see methods section for inclusion/
exclusion criteria and Additional file 1: Fig. S2). We noted 
several differences in the composition of the validation 
cohort, namely reduced incidence of irAE, including hep-
atitis (Additional file 1: Table S2), potentially connected 
to a shift towards older age (median age 54  years vs. 
60 years in discovery and validation cohort, respectively), 
reduced ORR (61.5% vs. 28.6%, respectively) while gen-
der distribution was similar (Additional file 1: Table S2). 
Importantly, however, we also observed a significant 
association of younger age with hepatitis-free survival, 
severity and earlier onset in the validation cohort (Fig. 4). 
Together, these data support age as a validated risk factor 
for the development of hepatitis in the first 100 days after 
anti-PD-1 & anti-CTLA4 therapy.

Higher baseline liver function tests in patients 
that develop hepatitis
Interestingly, patients who developed hepatitis within 
100  days from therapy initiation had small however 
significantly higher liver transaminase levels at base-
line (Additional file  1: Fig.  S3A). This association was 
observed despite the majority of patients (n = 92, 86.8%) 
having transaminase levels within the normal range. 
ROC analysis showed a slight predictive role of both 
baseline AST and ALT values for ICB-induced hepatitis 
(Additional file 1: Fig. S3B). Our study also included few 
patients (n = 14, 13.2%) that had elevated liver transami-
nases already at baseline (up to 2xULN). However, these 
few patients with elevated liver transaminases (above the 
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ULN) at baseline did not show a significantly higher inci-
dence of developing further hepatitis during therapy in 
comparison to those with normal liver transaminase lev-
els (Additional file 1: Fig. S3C). In sum, these data suggest 
that preexisting mild liver inflammation can be associ-
ated with the onset of ICB hepatitis.

Baseline herpes virus serology is not significantly linked 
to hepatitis onset
The immune system is exposed to multiple antigens over 
time and immunological changes associated with her-
pes virus infections are connected to age [16]. A previ-
ous report described baseline antiviral T cell immunity 
to herpes virus infections as a potential driver of hepatic 
irAE [17]. We wondered if this association would explain 
the age-associated differences in the incidence of hepa-
titis in our cohort, since higher hepatitis incidence was 
observed in younger patients who would be predicted to 
have lower immune memory to herpes virus infections. 
Herpes virus serology for CMV, EBV and HSV was deter-
mined and analyzed with respect to hepatitis incidence. 
However, we did not observe an association of herpes 

virus serology with hepatitis-free survival in our obser-
vation and validation cohorts (Additional file 1: Fig. S4). 
Interestingly, in pooled analysis of both cohorts, positive 
serology for CMV at baseline showed a non-significant 
trend (p = 0.0767) towards lower hepatitis-free survival 
(Fig.  5A). CMV status was not connected to baseline 
liver transaminases (Additional file  1: Fig.  S3D). Since 
the effect of CMV positivity on hepatitis incidence was 
not significant, we wondered if it might be masked by dif-
ferent age groups. Subgroup analysis according to CMV 
serostatus positivity and age (cutoff 55  years) showed 
however again only non-significant trends towards lower 
hepatitis free incidence (Fig.  5B). In sum, we did not 
observe a significant difference in hepatitis-free survival 
connected to herpes-virus immunity in our cohorts.

T cell immunity is altered in older patients 
but not predictive for hepatitis incidence
Preexisting T cell memory is discussed to under-
lie immune-mediated toxicity after checkpoint ther-
apy and would fit to a model where the immune 
checkpoints targeted contribute to attenuation of 
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autoimmunity in a physiological setting. We therefore 
performed a detailed analysis of CD8 and CD4 T cell 
subsets in the discovery cohort and analyzed potential 
associations of these immune populations (Fig. 6, Addi-
tional file  1: Figs.  5 and 6) with age and the incidence 
of hepatitis. As expected [16], we observed a reduction 
of naïve CD8+ T cells in older patients while memory 
populations expanded (Additional file  1: Figs.  S6A 
and SB). However, we observed no difference between 
these age-associated T cell populations and viral hepa-
titis (Additional file  1: Fig.  S6C). An association of an 
expanded CD4+ effector memory T cell (TEM) popu-
lation with ICB-hepatitis was reported earlier [17]. 
However, we did not observe different frequencies of 
CD4 + TEM or CD8+ TEMRA cells in patients who 
subsequently developed hepatitis after anti-PD-1 & 
anti-CTLA-4 therapy (Fig. 6A), and there was no differ-
ence in the T cell subset distribution between patients 
which did or did not develop hepatitis according to 
CMV serology status (Fig. 6B). These data indicate that 
differences in baseline T cell differentiation subsets are 
not directly linked to the onset of hepatitis after anti-
PD-1 & anti-CTLA-4 checkpoint therapy.

Age as a potential predictor for therapy‑induced hepatitis 
but not for tumor response
We next tested other possible clinical, oncological 
(BRAF/NRAS status, stage, LDH levels, presence of 
metastasis), virological or hepatological characteristics of 
our patient cohorts that might contribute to ICB-hepati-
tis during dural checkpoint therapy in the pooled cohort 
(Additional file 1: Table S3). In addition to age, AST and 
ALT levels, interestingly, this analysis also indicated a 
significant association of anti-HBs positivity with ICB-
hepatitis, while anti-HBc or HBsAg were not significantly 
associated, in line with a status post HBV vaccination. 
We interpreted this finding as an age-dependent cohort 
effect due to wider introduction of HBV vaccination 
in younger patients. Since age was the most significant 
variable associated with ICB-hepatitis, we next tested if 
age could be used as a predictor of the development of 
ICB-Hepatitis using receiver operating characteristic 
(ROC) curve analysis. Indeed, age was a relatively reli-
able discriminator of patients who developed or escaped 
therapy-induced hepatitis (n = 106, AUROC = 0.7455, 
p < 0.0001) (Fig.  7A). Specifically, for an age cut-off of 
55  years, ROC analysis indicated specificity of 66.67% 
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and sensitivity of 75%respectively in the pooled analysis). 
We did not observe a similar predictive role for herpes 
virus serostatus (data not shown). Interestingly, this pre-
dictive function of age was not observed with respect to 
tumor response in the comparable time frame (Fig. 7B). 
Moreover, presence of any IRAE (including non-hepatitis 

irAE) was also not associated with improved survival in 
our cohort (Additional file 1: Fig. S7). This data suggests 
that the immunological mechanisms behind successful 
anti-tumor responses and hepatic adverse events are not 
necessarily connected. In sum, our data highlights age as 
a predictor of ICB-hepatitis.

Discussion
In this work we analyzed baseline clinical, immune and 
virological variables as potential predictors of anti-PD-1 
& anti-CTLA-4 combination therapy associated ICB-
hepatitis in patients with stage III/IV melanoma. We 
identified age as the major clinical variable associated 
with the incidence, early onset and severity of immune 
hepatitis in our prospectively recruited discovery and 
retrospective validation cohort independent of treatment 
efficacy. Of note, preexisting antiviral immunity against 
herpes virus infections did not significantly associate 
with the incidence of hepatitis. Moreover, differences in 
effector memory T cell subsets at baseline in our discov-
ery cohort were associated with age but not with the risk 
for developing ICB-hepatitis. Our data therefore high-
lights younger age as the major clinical risk factor ICB-
hepatitis in combination therapy and does not support 
close surveillance or prophylactic antiviral treatment 
strategies based solely on immunological and virological 
screening.

One of the main barriers for successful anti-PD1 & 
anti-CTLA4 therapy are severe adverse events occur-
ring in particular during combinational therapy cycles 
[6]. The efficacy of anti-PD-1 & anti-CTLA blockade is 
thought to largely depend on the disinhibition of tumor-
specific T cell populations controlled by the PD-1 and 
CTLA4 immune checkpoints for enhanced proliferation 
and tumor cytotoxicity. However, checkpoint blockade 
induced T cell activation may not be strictly confined to 
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tumor-reactive repertoires and “off-target” activation can 
potentially contribute to immune-related adverse events, 
a concept that is supported by recent studies revealing 
enriched activated/cytotoxic T cell populations in the tis-
sue site of adverse events [10–12, 17, 18]. In particular, 
bystander activation of T cells leading to hepatitis can 
occur independent of antigen recognition [19] in the con-
text of an inflammatory cytokine milieu [20].

Hutchison et  al. recently suggested a role of CMV-
related T cell immune response in triggering therapy 
induced hepatitis by demonstrating enrichment of a 
CMV-associated CD4 TEM population in the periphery 
of patients who later developed hepatitis [17]. It has to 
be noted however, that their study did not show direct 
evidence of CMV presence in the liver in patients tested 
(CMV immunostaining and PCR negative), despite indi-
vidual treatment decisions with antivirals as prophylaxis 
or in addition to immunosuppressive therapy. Our study 
used a related approach to profile immune responses  in 
a cohort with comparable baseline patient characteristics 
but did not identify the reported relationship of hepatitis 
incidence connected to CD4 TEM cells. Further, sero-
logical IgG positivity at baseline against CMV, EBV or 
HSV did also not significantly correlate with hepatitis 
incidence. We wondered if these discrepant results in 
our prospectively recruited discovery cohort as well as 
the validation cohort could be due to differences in the 
patient cohorts.

Patients with preexisting mild levels of hepatitis could 
have other mild forms of underlying liver diseases, but 
potentially also herpes virus-related inflammation. A 
sub-analysis by Hutchinson et al. who included patients 
with elevated liver transaminases at baseline, did not find 
an association of this baseline status with the incidence 

of hepatic irAE after therapy [17]. Similarly, our cohort 
included patients with predominantly normal liver func-
tion tests at baseline but also potentially mild hepati-
tis (ALT levels < 2 ULN according to clinical guidelines 
allowing these mild elevations for ICB therapy). Here, we 
did not observe a connection between baseline transami-
nase levels and CMV serostatus. However, patients that 
developed ICB-hepatitis had mildly higher transaminase 
levels at baseline in our cohort. This baseline transami-
nase elevation at the cohort level however occurred fre-
quently below the ULN (Additional file: Fig.  S3). Thus, 
while this observation points to a higher degree of under-
lying liver inflammation in patients that subsequently 
develop hepatitis, it also poses a challenge for identifying 
them based on liver function tests.

In sum, in this work, we could not confirm a clinically 
relevant role of virus serology or  TEM CD4 T cell popu-
lations in patients who later developed hepatitis as pre-
viously reported. In contrast, our clinical data revealed 
a strong predisposition of younger patients to develop 
hepatitis during therapy, while no such link was observed 
with tumor response. This data also suggests that immu-
nological mechanisms responsible for successful tumor 
suppression and incidence of immune mediated hepatitis 
are not necessarily coupled. It is further exemplified by 
2 responders (1 reached CR in 3  months and the other 
in 6  months) in our discovery cohort that were both 
exempted from any type of adverse events. This disas-
sociation between tumor response and adverse events 
necessitates further in-depth research to understand the 
underlying immunological mechanisms accounting for 
the respective biological events and their relationship 
to different age groups. Our data shows that younger 
patients are at higher risk for developing immune-related 
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hepatitis after combination of anti-PD-1 & anti-CTLA4 
therapy and should be closely monitored to allow rapid 
identification and treatment of this side effect when it 
occurs.

Conclusions
Taken together, our work highlights younger age but not 
TEM expansion or herpes virus immunity as a clinically 
relevant predictive factor for the onset of anti-PD-1 & 
anti-CTLA4 related immune hepatitis. These findings 
have implications for the monitoring of patients at risk for 
developing checkpoint hepatitis during immunotherapy.
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Additional file 1: Fig. S1. Characteristics of discovery cohort. (A) Binned 
histogram depicting age distribution of patients (n = 39, min–max 
[median]: 19–73 [54]). (B) and (C) Pie charts depicting cohort gender 
distribution and tumor response in the first 3 months. Fig. S2. Work‑
flow of patient selection. Melanoma patients treated with anti‑PD1 & 
anti‑CTLA4 combination therapy in Dermatology, University Hopsital of 
Freiburg between 01/2016–09/2021 were identified in clinical records, 
with n = 40 in the prospective discovery cohort and n = 71 in retrospec‑
tive validation cohort. Patients with untraceable clinical data after therapy 
initiation and patients with hepatitis with other etiology in parallel were 
further excluded. A total of 106 patients were evaluated for irAE, tumor 
response and other clinical information. N = 96 plasma was used for IgG 
serostatus detection against CMV/EBV/HSV. N = 29 PBMCs were analyzed 
for immune populations at baseline. Fig. S3. Baseline AST and ALT values 
are associated with Immune‑checkpoint hepatitis. Baseline AST and ALT 
values are identified from medical records. Slight elevation of baseline AST 
(A, left) and ALT (A, right) values were observed in patients who developed 
hepatitis within 100 days after therapy initiation. (B) ROC analysis showed 
potential role of baseline AST and ALT values in predicting hepatitis 
incidence. (C) Incidence of hepatitis in patients stratified by baseline liver 
transaminases levels. P value was determined by Fisher’s exact test. (D) 
and (E) Sub‑cohort analysis of baseline AST, ALT values stratified by CMV 
IgG serostatus or age. Fig. S4. EBV/HSV/CMV IgG serostatus does not 
correlate with Immune‑checkpoint hepatitis. Kaplan–Meier analysis of 
hepatitis events in patients grouped by IgG positivity against EBV and HSV 
in pooled cohort (A), observation cohort (B) and validation cohort (C). (D) 
Incidence of hepatitis in patients stratified by anti‑viral IgG serostatus. (E) 
Sub‑cohort analysis on patients with normal baseline liver transaminase 
levels stratified by CMV serostatus with or without age subgroups. Fig. 
S5. Gating strategies for CD4 and CD8 subpopulations. CD4 and CD8 
T cells are gated on the basis of live CD3 + T cells. Naïve CD8 T cells are 
gated as CCR7 + CD45RA + CD27 + CD8, central memory (Tcm) gated as 
CCR7 + CD45RA‑CD27 + CD8, early effector memory (early Tem) gated 
as CCR7‑CD45RA‑CD27 + CD8, late effector memory (late Tem) gated as 
CCR7‑CD45RA‑CD27‑CD8, Temra gated as CCR7‑CD45RA + CD27‑CD8. 
Effector memory CD4 T cells (Tem CD4) are gated as CCR7‑CDRA‑CD4, 
as in Hutchinson et al. Fig. S6. Age‑associated T cell populations are 
not related to incidence of Hepatitis. Peripheral T cell populations were 
quantified in 29 melanoma patients before cCBI. (A) Spearman correlation 

analysis of T cell sub‑population distribution with increasing age. Correla‑
tion strength and directionality (left: negative correlation, right: positive 
correlation) is shown for each T cell sub‑population as indicated. Cor‑
relation significance for each population is denoted by shading (p < 0.01, 
black, p < 0.05, gray). (B) linear regression between age and %Tn CD8 (left) 
or %TIGIT + CD8 (right). Patients without hepatitis are represented in black 
dots, patients with mild (CTC‑AE I‑II) hepatitis in purple dots and patients 
with severe (CTC‑AE III‑IV) hepatitis in blue dots. (C) Comparisons of %Tn 
CD8 (left) and %TIGIT + CD8 T cells (right) between patients without hepa‑
titis and patients with mild or severe hepatitis. Statistics was performed 
with Mann–Whitney test. Fig. S7. Tumor progression‑free survival analysis 
according to ICB‑hepatitis, age and irAE. Kaplan–Meier analysis of tumor 
progression free survival (PFS) was performed based on (A) incidence of 
hepatitis, (B) age (cutoff 55 years) and (C) incidence of at least one of the 
top 5 most frequent (hepatitis, enteritis, thyroiditis, hypophysitis and skin 
abnormality) irAE in our cohort.

Acknowledgements
We thank all patients and clinical staff for participating in this study.

Author contributions
Conceptualization—DR, FM, BB; Patient recruitment and clinical data: DR, SL, 
RD, NB; Methodology—ZZ, DR, DH; Investigation—Experiments and data 
acquisition ZZ, DH; Formal analysis—ZZ; Resources—RT, BB; Writing—Original 
Draft –BB; Writing – Review & Feedback—ZZ, DR, DP, FM; Visualization—ZZ; 
Supervision FM, BB; Funding Acquisition—BB. All authors read and approved 
the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The study was 
supported by the Deutsche Forschungsgemeinschaft—Project# 378189018 
and 413517907. ZZ was supported by a stipend provided by the Chinese 
Scholarship Council. DJP is supported by grant funding from the Wellcome 
Trust Strategic Fund (PS3416) and from the Associazione Italiana per la Ricerca 
sul Cancro (AIRC MFAG Grant ID 25697) and acknowledges support by the 
NIHR Imperial Biomedical Research Centre (BRC), the Imperial Experimental 
Cancer Medicine Centre (ECMC) and the Imperial College Tissue Bank.

Data availability
Data relevant to the study are included in the article or uploaded as online 
supplemental information. Flow cytometry data is available by the authors via 
https:// flowr eposi tory. org upon reasonable request.

Declarations

Ethics approval and consent to participate
Study participants were recruited with approval of the Institutional Review 
Boards and biomaterials were collected after informed consent (Ethics 
committee of the Albert‑Ludwigs‑University, Freiburg, #474/14 & #22/1074). 
The study was performed in agreement with the principles expressed in the 
Declaration of Helsinki (2013).

Consent for publication
Not applicable.

Competing interests
FM served as consultant and/or has received honoraria from Novartis, Roche, 
BMS, MSD, Pierre Fabre, Sanofi Genzyme and travel support from Novartis, 
Sunpharma and BMS. DRS served as consultant and/or has received hono‑
raria from Roche and BMS and travel support from Sunpharma and Sanofi. 
DJP received lecture fees from ViiV Healthcare, Bayer Healthcare, BMS, Roche, 
IPSEN, EISAI, Falk Foundation, travel expenses from BMS and Bayer Healthcare; 
consulting fees for Mina Therapeutics, EISAI, Roche, Mursla, DaVolterra and 
Astra Zeneca; research funding (to institution) from MSD, GSK and BMS with 
no relation to the submitted work.

https://doi.org/10.1186/s12967-022-03755-3
https://doi.org/10.1186/s12967-022-03755-3
https://flowrepository.org


Page 10 of 10Zhang et al. Journal of Translational Medicine          (2022) 20:582 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Author details
1 Faculty of Medicine, Clinic for Internal Medicine II, Gastroenterology, 
Hepatology, Endocrinology, and Infectious Disease, University Medical Center 
Freiburg, Freiburg, Germany. 2 Faculty of Medicine, Department of Dermatol‑
ogy and Venereology, University Medical Center Freiburg, Freiburg, Germany. 
3 Institute of Virology, Faculty of Medicine, Freiburg University Medical Center, 
University of Freiburg, Freiburg, Germany. 4 Department of Surgery and Cancer, 
Imperial College London, Hammersmith Hospital, London, UK. 5 Department 
of Translational Medicine, University of Piemonte Orientale, Novara, Italy. 
6 Signalling Research Centres BIOSS and CIBSS, University of Freiburg, Freiburg, 
Germany. 7 Partner Site Freiburg, German Cancer Consortium (DKTK), Heidel‑
berg, Germany. 

Received: 6 October 2022   Accepted: 4 November 2022

References
 1. Baas P, Scherpereel A, Nowak AK, Fujimoto N, Peters S, Tsao AS, et al. 

First‑line nivolumab plus ipilimumab in unresectable malignant pleural 
mesothelioma (CheckMate 743): a multicentre, randomised, open‑label, 
phase 3 trial. Lancet. 2021;397:375–86.

 2. Hellmann MD, Ciuleanu TE, Pluzanski A, Lee JS, Otterson GA, Audigier‑
Valette C, et al. Nivolumab plus ipilimumab in lung cancer with a high 
tumor mutational burden. N Engl J Med. 2018;378:2093–104.

 3. Hodi FS, Chesney J, Pavlick AC, Robert C, Grossmann KF, McDermott DF, 
et al. Combined nivolumab and ipilimumab versus ipilimumab alone 
in patients with advanced melanoma: 2‑year overall survival outcomes 
in a multicentre, randomised, controlled, phase 2 trial. Lancet Oncol. 
2016;17:1558–68.

 4. Larkin J, Chiarion‑Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al. 
Combined nivolumab and ipilimumab or monotherapy in untreated 
melanoma. N Engl J Med. 2015;373:23–34.

 5. Larkin J, Chiarion‑Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Lao CD, 
et al. Five‑year survival with combined nivolumab and ipilimumab in 
advanced melanoma. N Engl J Med. 2019;381:1535–46.

 6. Schadendorf D, Wolchok JD, Hodi FS, Chiarion‑Sileni V, Gonzalez R, Rut‑
kowski P, et al. Efficacy and safety outcomes in patients with advanced 
melanoma who discontinued treatment with nivolumab and ipilimumab 
because of adverse events: a pooled analysis of randomized phase II and 
III trials. J Clin Oncol. 2017;35:3807–14.

 7. Asher N, Ben‑Betzalel G, Lev‑Ari S, Shapira‑Frommer R, Steinberg‑Silman 
Y, Gochman N, et al. Real world outcomes of ipilimumab and nivolumab 
in patients with metastatic melanoma. Cancers (Basel). 2020. https:// doi. 
org/ 10. 3390/ cance rs120 82329.

 8. Haanen J, Carbonnel F, Robert C, Kerr KM, Peters S, Larkin J, et al. Manage‑
ment of toxicities from immunotherapy: ESMO Clinical Practice Guide‑
lines for diagnosis, treatment and follow‑up. Ann Oncol. 2018;29:iv264–6.

 9. Fessas P, Possamai LA, Clark J, Daniels E, Gudd C, Mullish BH, et al. 
Immunotoxicity from checkpoint inhibitor therapy: clinical features and 
underlying mechanisms. Immunology. 2020;159:167–77.

 10. Gudd CLC, Au L, Triantafyllou E, Shum B, Liu T, Nathwani R, et al. Activation 
and transcriptional profile of monocytes and CD8(+) T cells are altered in 
checkpoint inhibitor‑related hepatitis. J Hepatol. 2021;75:177–89.

 11. Lozano AX, Chaudhuri AA, Nene A, Bacchiocchi A, Earland N, Vesely MD, 
et al. T cell characteristics associated with toxicity to immune checkpoint 
blockade in patients with melanoma. Nat Med. 2022;28:353–62.

 12. Johnson DB, McDonnell WJ, Gonzalez‑Ericsson PI, Al‑Rohil RN, Mobley 
BC, Salem JE, et al. A case report of clonal EBV‑like memory CD4(+) T cell 
activation in fatal checkpoint inhibitor‑induced encephalitis. Nat Med. 
2019;25:1243–50.

 13. Olsson J, Kok E, Adolfsson R, Lovheim H, Elgh F. Herpes virus seroepidemi‑
ology in the adult Swedish population. Immun Ageing. 2017;14:10.

 14. Wistuba‑Hamprecht K, Haehnel K, Janssen N, Demuth I, Pawelec G. 
Peripheral blood T‑cell signatures from high‑resolution immune phe‑
notyping of gammadelta and alphabeta T‑cells in younger and older 
subjects in the Berlin Aging Study II. Immun Ageing. 2015;12:25.

 15. Yan Z, Maecker HT, Brodin P, Nygaard UC, Lyu SC, Davis MM, et al. Aging 
and CMV discordance are associated with increased immune diversity 
between monozygotic twins. Immun Ageing. 2021;18:5.

 16. Gordon CL, Miron M, Thome JJ, Matsuoka N, Weiner J, Rak MA, et al. Tissue 
reservoirs of antiviral T cell immunity in persistent human CMV infection. 
J Exp Med. 2017;214:651–67.

 17. Hutchinson JA, Kronenberg K, Riquelme P, Wenzel JJ, Glehr G, Schilling 
HL, et al. Virus‑specific memory T cell responses unmasked by immune 
checkpoint blockade cause hepatitis. Nat Commun. 2021;12:1439.

 18. Luoma AM, Suo S, Williams HL, Sharova T, Sullivan K, Manos M, et al. 
Molecular pathways of colon inflammation induced by cancer immuno‑
therapy. Cell. 2020;182(655–671): e622.

 19. Bowen DG, Warren A, Davis T, Hoffmann MW, McCaughan GW, de St 
Fazekas, Groth B, et al. Cytokine‑dependent bystander hepatitis due to 
intrahepatic murine CD8 T‑cell activation by bone marrow‑derived cells. 
Gastroenterology. 2002;123:1252–64.

 20. Kim TS, Shin EC. The activation of bystander CD8(+) T cells and their roles 
in viral infection. Exp Mol Med. 2019;51:1–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3390/cancers12082329
https://doi.org/10.3390/cancers12082329

	Incidence and severity of immune-related hepatitis after dual checkpoint therapy is linked to younger age independent of herpes virus immunity
	Abstract 
	Background and Aims: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patient recruitment
	Human samples
	Ex vivo flow cytometry
	Statistical analysis

	Results
	High incidence of hepatitis after PD-1 & CTLA-4 combination checkpoint therapy in melanoma
	Hepatitis onset is associated with the development of additional irAE and age but not gender or treatment response
	Younger age is associated with incidence and severity of hepatic irAE in the discovery cohort
	Younger age is associated with incidence and severity of hepatic irAE in the validation cohort
	Higher baseline liver function tests in patients that develop hepatitis
	Baseline herpes virus serology is not significantly linked to hepatitis onset
	T cell immunity is altered in older patients but not predictive for hepatitis incidence
	Age as a potential predictor for therapy-induced hepatitis but not for tumor response

	Discussion
	Conclusions
	Acknowledgements
	References




