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Abstract

Background Hepatic immune-related adverse events (irAE) including elevated liver function tests (transaminases) occur in
1.4-22.3% of melanoma patients receiving immune checkpoint inhibitors (ICPI) and constitute a potentially serious toxicity
that is challenging to treat. In contrast to the liver transaminases alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST), only little is known about the frequency and impact of gamma-glutamyl transferase (GGT) elevations.
Methods GGT determined prior to and during therapy of metastatic melanoma patients treated with ICPI were retrospectively
assessed in two independent cohorts (PD-1: n =218, Ipi+ Nivo: n=148). Overall survival (OS) and best objective response
were analyzed according to baseline and immune-related GGT (irGGT) elevations during treatment.

Results In multivariate analysis, OS was reduced in patients with elevated baseline GGT (PD-1 group: hazard ratio [HR]
1.76, p=.0073; Ipi+ Nivo group: HR 1.77, p=.032). Immune-related GGT elevation was recorded in 17% (PD-1 group)
and 38.5% (Ipi+ Nivo group). Of these patients, the majority (81 and 68%, respectively) had normal ALT and AST and
showed no clinical signs of hepatotoxicity. Patients who experienced irGGT elevation had superior response (PD-1 group:
odds ratio [OR] 3.57, p=.00072; Ipi+ Nivo group: OR 1.74, p=.12) and OS (PD-1 group: HR 0.37, p=.0016; Ipi+ Nivo
group: HR 0.33, p=.00050).

Conclusions The frequency of hepatic irAE is currently underestimated. The addition of the sensitive enzyme GGT to the
laboratory panel before and during therapy with ICPI allows to detect two to three times more patients developing hepatic
or hepatobiliary toxicity than known so far. Immune-related GGT elevations correlate with response and favorable survival.
Precis for use in the Table of Contents

The frequency of hepatotoxicity under immune checkpoint blockade is currently underestimated. We suggest the addition of
gamma-glutamyl transferase to the laboratory panel in checkpoint inhibitor patients for the detection of hepatobiliary toxicity.

Keywords Gamma-glutamyl transferase - Melanoma - Immune checkpoint inhibitors - PD-1 - Immune-related adverse
events - Hepatotoxicity

Introduction

Immune-related adverse events (irAE) are a common
phenomenon in cancer patients receiving immune check-
point inhibitors (ICPI). In metastatic melanoma, clini-
cally serious grade irAE (grade 3 or higher according to
CTCAE criteria) occur in 10-16% of patients receiving
PD-1 inhibitors [1, 2] and in 55-56% receiving combined
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even in cases when the treatment with ICPI must be quit
and corticosteroids are necessary [5—7]. The prognostic
impact of irAE differs between the distinct sites affected
by this excessive immune response, with the skin being
most clearly associated with favorable prognosis [8—11].
Hepatic irAE are less frequent compared to cutaneous
irAE or diarrhea and colitis, yet they can run complicated
and should be handled carefully to preserve the long-
term function of this crucial metabolic organ [12—14]. In
contrast to cutaneous or endocrine irAE, the prognostic
impact of hepatic irAE remains elusive.

Liver metastasis is considered an unfavorable prog-
nostic factor in melanoma patients treated with ICPI
which is associated with lower CD8 + T-cell infiltration
at the invasive tumor margin [15]. Moreover, the intra-
cellular enzyme lactate dehydrogenase (LDH), a widely
used serum biomarker in metastatic melanoma, increases
exceptionally strong in patients with advanced hepatic
metastases. Besides its well-known function as a param-
eter for cholestasis, the biliary enzyme gamma-glutamyl
transferase (GGT) plays a fundamental role in the metab-
olism of glutathione [16]. In contrast to this function as
an anti-oxidant enzyme, it has been shown that, under
certain conditions, GGT is also able to exert pro-oxidant
effects, promoting tumor formation and progression [17].
GGT is mainly expressed on the luminal surface of secre-
tory epithelial cells, especially in epithelial cells of the
hepato-biliary tract, the pancreas, and the kidneys [16].
In various malignancies, such as colorectal carcinoma
[18, 19], urothelial carcinoma [20], endometrial carci-
noma [21], renal cell carcinoma [22], and others, elevated
levels of GGT correlated with impaired survival, higher
disease stages, or presence of hepatic metastases. How-
ever, in metastatic uveal melanoma, the prognostic role
of liver function tests (LFTs) including GGT in detecting
metastasis was contradictory [23-26]. In metastatic cuta-
neous melanoma and in other cancer patients receiving
ICPI, it is still unknown, whether LFTs are prognostically
relevant. We conducted the present study to evaluate the
association between baseline serum levels of GGT and
survival of advanced melanoma patients receiving ICPI.
The second aim of this study was to characterize GGT
serum levels over time during treatment with ICPI. Based
on the experience that GGT elevations occur frequently in
patients receiving ICPI, our hypothesis before conducting
this study was that GGT elevations constitute a hitherto
underreported and undescribed hepatic or hepatobil-
iary irAE. We aimed at evaluating its association with
response and survival in melanoma patients receiving
either PD-1 antibodies or the combined immunotherapy
with CTLA-4 and PD-1 antibodies.
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Methods
Patients

From October 2013 to May 2019, 366 patients with unre-
sectable melanoma were treated with pembrolizumab or
nivolumab (referred to as PD-1 group, n=218 patients)
or ipilimumab plus nivolumab (also denoted as Ipi + Nivo
group, n = 148 patients) and were enrolled retrospectively
in this study. The two cohorts were analyzed separately to
account for the major differences of PD-1 monotherapy and
the combined PD-1 plus CTLA-4 blockade in respect of effi-
cacy and toxicity profiles [3]. The study was carried out in
accordance with the Declaration of Helsinki of 1975 and
succeeding amendments. Approval to conduct this study was
obtained from the local ethics committee of the Medical
Faculty of University Tiibingen (project No. 436/2017BO2).

Laboratory and clinical parameters

Clinical characteristics, including age and sex, Ameri-
can Joint Committee on Cancer (AJCC) clinical staging,
and other factors, were extracted from clinical records.
Laboratory tests, including gamma-glutamyl-transferase
(GGT; upper limit of normal [ULN], male 60 U/, female
40 U/1), alanine aminotransferase (ALT; normal range, male
10-50 U/1, female 10-34 U/1), aspartate aminotransferase
(AST; normal range, male 10-50 U/l, female 10-35 U/1),
total bilirubin (upper limit of normal 1.1 mg/dl), alkaline
phosphatase (ALP; normal range 40-130 U/1), lactate
dehydrogenase (LDH; upper limit of normal 250 U/1),
were evaluated. Grading of immune-related adverse events
(irAE) was done in accordance with the common toxicity
criteria for adverse events (CTCAE) of the National Can-
cer Institute, version 5.0. For increased GGT, grade 1 refers
to>ULN—2.5 X ULN, grade 2 refers to>2.5—5.0 X ULN,
grade 3 refers to>5.0—20.0 x ULN, and grade 4 refers
to>?20.0x ULN. Treatment-related hepatitis was diagnosed
based on ALT, AST, and bilirubin, irrespective of pres-
ence of hepatitis-related clinical symptoms or other related
findings. Increases of liver enzymes during therapy due to
hepatic metastasis, comedication, or infections were not con-
sidered as being immune related.

Immune checkpoint inhibitors

The patients in the PD-1 group were treated with either
nivolumab (until 2018: 3 mg/kg intravenously every
2 weeks, since 2018: 480 mg flat dose every 4 weeks or
240 mg flat dose every 2 weeks) or pembrolizumab (until
2018: 2 mg/kg intravenously every 3 weeks, since 2018:



Cancer Immunology, Immunotherapy (2021) 70:1089-1099

200 mg flat dose every 3 weeks), whereas the patients in the
Ipi+ Nivo group were treated with combined therapy with
nivolumab 1 mg/kg followed by ipilimumab 3 mg/kg every
3 weeks for up to four cycles, continued with nivolumab
3 mg/kg every 2 weeks or 240 mg every 2 weeks (since
2018).

Statistical analysis

Overall survival (OS) was calculated from start of ther-
apy with ICPI to death (event) or last follow-up (cen-
sored). Univariate analysis of OS was performed utilizing
Kaplan—Meier estimator and two-sided log-rank test. Three-
month landmark analysis as well as time-dependent Cox
regression were applied to account for guarantee-time bias
[27]. Multivariate analysis of OS was performed utilizing
Cox regression. Besides baseline GGT (< ULN vs. > ULN)
or immune-related GGT (irGGT) elevation (absence vs.
occurrence), the known prognostic factors liver metastasis
(absence vs. presence), LDH (normal vs. > ULN), number
of metastatic sites (1 vs. 2—4 vs. 5 or more), and number of
prior therapies (0 vs. 1-2 vs. 3 or more) were included in
the multivariate models. Associations between categorial
variables were compared with Fisher’s exact test. Differ-
ences between continuous numeric variables were calculated
with Wilcoxon rank-sum test (Mann—Whitney U test). All
analyzes were carried out with R, version 3.6.1 and the ‘sur-
vival’ package. Analysis of statistical power was performed
using the powerCT.defaultO function of the powerSurvEpi
package for R. All reported tests were two sided, and P val-
ues < 0.05 were considered significant.

Results

218 of 220 patients receiving anti-PD-1 monotherapy with
either nivolumab or pembrolizumab (henceforth referred to
as PD-1 group) and 148 of 150 patients receiving combina-
tion therapy with ipilimumab plus nivolumab (henceforth
referred to as Ipi+ Nivo group) had at least one available
baseline GGT measurement and could therefore be included
in the analyzes. Detailed clinicopathologic information is
summarized in Table 1.

Baseline GGT

Baseline GGT was elevated in 69 patients (31.7%) in the
PD-1 group and in 64 patients (43.2%) in the Ipi + Nivo
group. Presence of liver metastasis was overrepresented
in patients with elevated baseline GGT in the PD-1 group
(43.5% vs. 24.8%, p=0.0072), but not in the Ipi+ Nivo
group (50.0% vs. 38.1%, p=0.18). Univariate analysis
of overall survival (OS) showed a significant association
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Table 1 Patient Demographics and Clinical Characteristics
Characteristic PD-1 group Ipi+Nivo group
No. of Patients (%) No. of Patients (%)

Total no 218 148
Age: Median [range], y 64.5 [27-94] 62 [28-87]
Sex

Male 131 (60) 86 (58)

Female 87 (40) 62 (42)
Mutational status

BRAF mutant 73 (33) 44 (30)

NRAS mutant 44 (20) 28 (19)

BRAF/NRAS wt 101 (46) 76 (51)
LDH

Normal 119 (55) 82 (55)

Elevated 99 (45) 66 (45)
AJCC v7?

1B 2() (D)

1Ic 8(4) 7(5)

Mla 8(4) 4(3)

Milb 31(14) 10 (7)

Mlc 169 (78) 126 (85)
Liver metastasis

No 151 (69) 84 (57)

Yes 67 (31) 64 (43)
Brain metastasis

No 151 (69) 108 (73)

Yes 67 (31) 40 (27)
No. of metastatic sites

1 29 (13) 29 (20)

2 71 (33) 25 (17)

3 48 (22) 42 (28)

4 30 (14) 20 (14)

5 or more 40 (18) 32 (22)
Prior lines of therapy

0 69 (32) 59 (40)

1 60 (28) 48 (32)

2 47 (22) 19 (13)

3 36 (17) 14 9)

4 6(3) 8(5)
Prior therapy regimens

Anti-CTLA-4 96 (44) 17 (11)

Anti-PD-1 5(12) 48 (32)

BRAFi + MEKi 46 (21) 26 (18)

Chemotherapy 40 (18) 13 (9)

Radiotherapy 92 (42) 48 (32)

Other 5(2) 0(0)

AJCC American Joint Committee on Cancer, version 7; Ipi ipili-
mumab; LDH lactate dehydrogenase; Nivo nivolumab; no. number of
patients; y years

#Staging included LDH according to AJCC 2009 classification
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of impaired OS with elevated baseline GGT in the PD-1
group (hazard ratio [HR] 1.57, 95% confidence interval [CI]
1.08-2.29, p=0.019) as well as in the Ipi+ Nivo group (HR
1.93,95% CI11.17-3.17, p=0.010) (Fig. 1). In multivariate
Cox regression analysis including baseline GGT, presence
or absence of liver metastasis, lactate dehydrogenase (LDH),
number of metastatic sites, and number of prior therapies,
OS was significantly reduced for patients with elevated base-
line GGT (Table 2).

Immune-related elevations of GGT

Immune-related GGT (irGGT) increase during ICPI ther-
apy was found in 37 of 218 patients (17.0%) in the PD-1
group and in 57 of 148 patients (38.5%) in the Ipi+ Nivo
group, respectively. The median time to onset of irGGT
elevation was 6.0 weeks (IQR 3.0-9.0, range 0.86-42.9)
in the PD-1 group and 4.4 weeks (IQR 3.0-6.6, range
1.0-13.7) in the Ipi+ Nivo group. In univariate analysis of
OS, patients who experienced an irGGT elevation showed
significantly favorable survival in the PD-1 group (HR 0.41,
95% CI 0.23-0.75, p=0.0036) as well as in the Ipi+ Nivo
group (HR 0.33, 95% CI 0.18-0.60, p=0.00025) (Fig. 2a,
b). Importantly, irGGT elevation retained significance in a
time-dependent Cox model (PD-1 group: HR 0.46, 95% CI
0.25-0.85, p=0.012; Ipi+ Nivo group: HR 0.38, 95% CI
0.21-0.70, p=0.0019) as well as in a 3-month landmark
analysis (Fig. 2c, d) which both account for guarantee-time
bias. Power analysis based on the irGGT data obtained in the

A PD-1 group
100
80
S
T 60
=
S
>
(%]
= 40
[
g
@) — Baseline GGT normal
20 1 — Baseline GGT elevated
P=.019
HR 1.57 (1.08-2.29)
0 T T T T T T

T T
0 6 12 18 24 30 36 42 48
Number at risk
GGTnormal 149 120 95 73 49 27 16 6 4
GGTelevated 69 47 39 21 13 9 4 1 0

Fig. 1 Overall survival expressed by Kaplan—Meier estimator accord-
ing to baseline levels of gamma-glutamyl transferase (GGT) in a
patients receiving PD-1 antibodies, and in b patients receiving com-
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Time since start of immunotherapy (months)

Table2 Multivariate Cox regression analysis of baseline GGT
regarding overall survival

PD-1 group
(n=217)

Ipi+Nivo group
(n=146)

HR (95% CI) P HR (95% CI) P

Baseline GGT

Normal 1 1

Elevated 1.76 (1.16-2.67) 0.0073 1.77 (1.05-2.99) 0.032
Liver metastasis

No 1 1

Yes 1.50 (1.00-2.24) 0.049 1.89 (1.09-3.30) 0.024
LDH

Normal 1 1

Elevated 2.20 (1.51-3.20) <0.0001 1.60 (0.94-2.70) 0.083
Metastatic sites

1 1 1

2-4 1.26 (0.66-2.43) 0.48 1.32 (0.58-3.00) 0.51

Sormore 2.54(1.19-5.40) 0.016 2.48 (1.01-6.10) 0.048
Prior therapies

0 1 1

1-2 1.24 (0.77-2.01) 0.38 2.12 (1.18-3.80) 0.012

3ormore 1.87(1.06-3.30) 0.030 2.48 (1.11-5.50) 0.026

Three cases of the PD-1 group and four cases of the Ipi+ Nivo group
were excluded due to missing information on one or more of the ana-
lyzed factors

CI confidence interval; GGT gamma-glutamyl transferase; HR hazard
ratio; LDH lactate dehydrogenase; n number of patients; P p value

B 1pi+Nivo group
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HR 1.93 (1.17-3.17)
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Time since start of immunotherapy (months)

84 61 35 13 1
64 33 21 5 0

bined therapy with ipilimumab plus nivolumab. GGT gamma-gluta-
myl transferase; HR hazard ratio; P p value
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A PD-1group
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20 1 — irGGT elevation
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HR 0.41 (0.23-0.75)
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C pPp1 group (3-month landmark analysis)
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irGGT elevation 37 36 30 23 18 12 7 2 1

Fig.2 Overall survival expressed by Kaplan—-Meier estimator accord-
ing to occurrence of immune-related elevations of gamma-glutamyl
transferase (irGGT elevation) in a patients receiving PD-1 antibod-
ies, and in b patients receiving combined therapy with ipilimumab
plus nivolumab. Three-month landmark analysis of overall survival ¢

Ipi+ Nivo group, revealed a statistical power of 0.93. In mul-
tivariate Cox regression analysis of OS, irGGT elevation was
shown to be significantly associated with favorable survival
in both cohorts (PD-1 group: HR 0.37, 95% CI 0.20-0.69,
p=0.0016; Ipi+ Nivo group: HR 0.33, 95% CI 0.18-0.62,
p=0.00050) (Table 3). Presence of liver metastasis and prior
therapies were also significantly related with OS in both
cohorts, whereas lactate dehydrogenase (LDH) and number
of metastatic sites were only significant prognostic factors

Time since start of immunotherapy (months)

B Ipi+Nivo group
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g
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4
(@) — no irGGT elevation
20 1 — irGGT elevation
P=.00025
HR 0.33 (0.18-0.60)
0 T T T T
0 6 12 18 24

Time since start of immunotherapy (months)

91 48 28 8 1
57 46 28 10 0

D Ipi+Nivo group (3-month landmark analysis)

100
80 1
g
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>
© — no irGGT elevation
20 1 — irGGT elevation
P=.043
HR 0.50 (0.26-0.98)
0 T T T T
0 6 12 18 24
Time since start of immunotherapy (months)
66 48 28 8 1
56 46 28 10 0

in the PD-1 group and d in the Ipi+Nivo group excluding patients
who died or were lost to follow-up within the first three months after
start of therapy. HR hazard ratio; irGGT elevation immune-related
gamma-glutamyl transferase elevation; P p value

in one of the two cohorts each. In the PD-1 group, 73%
(27 of 37 cases) of irGGT elevations were CTCAE grade 1
whereas only five cases (13.5%) each were CTCAE grade
2 or 3. In the Ipi+ Nivo group, CTCAE grade 2 or 3 irGGT
elevations were more common (15 of 57 cases=26%, and 11
of 57 cases =19%, respectively) than in the PD-1 group, and
CTCAE grade 1 was noticed in 31 cases (54%). However,
these differences between the PD-1 group and the Ipi+ Nivo
group were not statistically significant (Fisher’s exact test:
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Table 3 Multivariate Cox regression analysis of irGGT elevation
regarding overall survival

PD-1 group
(n=217)

Ipi+Nivo group
(n=146)

HR (95% CI) P HR (95% CI) P

irGGT elevation

No 1 1

Yes 0.37 (0.20-0.69) 0.0016 0.33 (0.18-0.62) 0.00050
Liver metastasis

No 1 1

Yes 1.74 (1.17-2.57) 0.0057 2.25 (1.28-3.94) 0.0047
LDH

Normal 1 1

Elevated 2.40 (1.64-3.50) <0.0001
Metastatic sites

1 1 1

2-4 1.08 (0.57-2.07) 0.81 1.74 (0.76-4.01) 0.19

5ormore 1.80(0.85-3.83) 0.12 2.93 (1.19-7.18) 0.019
Prior therapies

0 1 1

1-2 1.40 (0.87-2.26) 0.17 1.83 (1.03-3.25) 0.040
1.78 (1.00-3.15) 0.049 2.13 (0.95-4.77) 0.066

1.48 (0.87-2.51) 0.15

3 or more

Three cases of the PD-1 group and four cases of the Ipi+ Nivo group
were excluded due to missing information on one or more of the ana-
lyzed factors

CI confidence interval; GGT gamma-glutamyl transferase; HR hazard
ratio; irGGT elevation, immune-related gamma-glutamyl transferase
elevation; LDH lactate dehydrogenase; n number of patients; P p
value

p=0.19). No grade 4 irGGT elevation was registered in each
of the two cohorts. Moreover, there were no statistically sig-
nificant differences in OS according to the distinct CTCAE
grades (data not shown).

Analysis of best objective response and presence or
absence of irGGT elevation revealed an odds ratio (OR)
of 3.57 (1.61-8.24), p=0.00072 to develop an objec-
tive response (CR/PR) compared to no response (SD/PD)
for the patients with irGGT elevations in the PD-1 group
(Fig. 3a). For disease control (CR/PR/SD vs. PD) the results
were similar (OR: 2.88 [1.26-7.09], p=0.0067) (data not
shown). In the Ipi+ Nivo group, likelihood for response
(OR: 1.74 [0.84-3.65], p=0.12) and disease control (OR:
2.11 [0.98—4.68], p=0.052) was also higher in the patients
developing irGGT elevations, but not reaching statistical
significance (Fig. 3b).

Analyzing factors associated with occurrence of irGGT
elevation, median baseline eosinophil count was identi-
fied as being significantly higher in the patients developing
irGGT elevation in the PD-1 group (absolute eosinophils:
180/ul vs. 120/ul, p =0.0067; relative eosinophils: 2.4% vs.
1.7%, p=0.0060; data not shown). In the Ipi+ Nivo group,
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elevations of eosinophils after the first cycle of therapy
correlated significantly with occurrence of irGGT eleva-
tion (absolute eosinophils: + 100/ul vs. + 50/ul, p=0.037;
relative eosinophils: +1.7% vs. +0.6%, p=0.023; data not
shown). Occurrence of irGGT elevation correlated signifi-
cantly with the occurrence of autoimmune hepatitis (defined
as elevated transaminases with or without clinical symp-
toms of hepatitis) in both cohorts (PD-1 group: OR 5.73,
95% CI 1.59-20.70, p=0.0033; Ipi+ Nivo group: OR 7.74,
95% CI 2.53-28.72, p<0.0001) (Fig. 3c, d). Interestingly,
30 of 37 (81%) patients in the PD-1 group and 38 of 56
(68%) patients in the Ipi+ Nivo group experienced an irGGT
elevation but showed no elevations of transaminases or other
signs of hepatitis (occurrence of irGGT elevation vs. occur-
rence of hepatitis defined by other LFTs: PD-1 group: OR
2.97 [1.51-6.15], p=0.00089; Ipi+ Nivo group: OR 3.33
[1.86-6.13], p<0.0001). However, elevation of alkaline
phosphatase (ALP) correlated with irGGT elevation (PD-1
group: OR 3.64, 95% CI 1.65-8.12, p =0.00060; Ipi + Nivo
group: OR 2.08, 95% CI 1.01-4.35, p=0.041) (Fig. 3e, f).
Elevation of bilirubin was not significantly correlated with
irGGT elevation but showed a strong correlation with hepa-
titis (data not shown).

Discussion

Immune-related adverse events (irAE) are common in
patients receiving immune checkpoint inhibitors (ICPI).
With combined ICPI therapy with ipilimumab plus
nivolumab 55-56% of the patients experience grade 3—4
treatment-related adverse events (AE), while this propor-
tion is between 10 and 16% in ICI monotherapy with PD-1
antibodies nivolumab or pembrolizumab [1-4]. Autoim-
mune hepatitis of any grade was recorded in 1% of patients
receiving pembrolizumab and in 3.2% of patients receiv-
ing the combination of ipilimumab plus nivolumab [2,
4]. Transaminases (i.e. alanine aminotransferase [ALT]
and aspartate aminotransferase [AST]) were reported to
increase in 1.4-5% of patients receiving pembrolizumab or
nivolumab and in 15.3-22.3% of patients receiving ipili-
mumab + nivolumab [1, 3, 4]. In the present study, these
proportions were 6.4% (PD-1 group) and 16.4% (Ipi + Nivo
group), respectively. Interestingly, 17.0% (PD-1 group)
and 38.5% (Ipi+ Nivo group) experienced a treatment-
related increase of gamma-glutamyl transferase (irGGT)
in our study which is in sharp contrast to 1.1% reported
incidence (0 cases with grade 3—-4 GGT increase) receiv-
ing ipilimumab plus nivolumab in the CheckMate 069 trial
[4]. In a pooled analysis of advanced melanoma patients
receiving nivolumab monotherapy, Weber et al. reported
only 0.2% treatment-related increases of gamma-glutamyl
transferase [5]. And a meta-analysis of 48 studies by Xing
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et al. reported incidence rates of GGT elevations of 1.02%
(95% C10.37-2.80) for nivolumab monotherapy and 5.13%
(3.51-7.43) for ipilimumab plus nivolumab in patients with
advanced solid tumors [8]. Of note, the study protocols of
all large phase 1-3 melanoma trials on PD-1-based immuno-
therapy did not include GGT measurements in the prerequi-
site on-study laboratory tests [1-4]. Thus, it is not surprising
that in detail characterization of GGT at baseline and during
treatment with ICPI is lacking.

Immune-related GGT elevations

To the best of our knowledge, our study is the first to
describe irGGT elevations as a commonly occurring adverse
event that is associated with response to ICPI and favorable
survival in metastatic melanoma. Patients with occurrence
of irGGT elevation showed favorable OS in both cohorts.
Importantly, we also found statistically significant results
for irGGT in the 3-month landmark analysis and the time-
dependent extended Cox model which both account for
guarantee-time bias [27]. In the PD-1 group, irGGT eleva-
tions were also strongly associated with objective response.

Unlike in monotherapy with the CTLA-4 antibody
ipilimumab alone, treatment-related hepatotoxicity in PD-
1-based regimens is predominantly characterized by a chole-
static or mixed cholestatic-hepatocellular pattern compared
to a pan-hepatocellular pattern [28-34]. In a large two-
center study from Japan, markedly elevated levels of ALP
and GGT but only mild increases of the liver enzymes ALT
and AST were observed in patients developing pathology-
proven hepatotoxicity which further supports the notion
that immune-related cholangitis and cholestatic hepatitis
are more frequent than hepatocellular hepatitis [34]. Impor-
tantly, the discrimination between hepatocellular and chole-
static liver injury, e.g. by means of the biliary enzymes GGT
and ALP in contrast to the hepatocellular enzymes ALT and
AST, stratifies patients with different response to corticos-
teroids [32, 35]. Many of these cases with cholangitis with
non-obstructive dilation of the bile ducts resemble primary
sclerosing cholangitis (PSC) and show resistance to steroid
therapy [34, 35]. Nevertheless, Imoto et al. reported that
most patients with grade <2 liver injury improved spontane-
ously and five of eight patients with grade >3 liver injury
required prednisolone or additional immunosuppressants, or
ursodeoxycholic acid [33]. Regarding the severity of liver
injury, this study reported a statistically significant differ-
ence in the distribution between hepatocellular type (11%
in grade 1 or 2 liver injury, 55% in grade 3 or 4 liver injury)
and cholestatic or mixed type of liver injury (64% in grade 1
or 2 liver injury, 45% in grade 3 or 4 liver injury) [33]. These
findings are in accordance with our data with most cases
being mild or moderate grades 1-2 and that GGT elevations
were significantly more frequent than ALT/AST elevations.

Based on the finding that most cases of immune-related
hepatotoxicity do not present with clinical manifestations,
Tan et al. concluded that close monitoring of liver function
tests is mandatory [36]. Although only the hepatocellular
enzymes ALT and AST together with bilirubin are recom-
mended by the CTCAE to assess hepatotoxicity, these LFTs
should be complemented with the regular assessment of
GGT in patients receiving therapy with ICPI, thus, account-
ing for the diverse clinical features of hepatic irAE, particu-
larly microscopic biliary liver injury [33]. The results of
the present study underline the importance of GGT meas-
urements to avoid missing silent cholestatic hepatotoxicity.
However, most irGGT elevations were temporary and self-
limited and the extent of liver damage cannot be estimated
based on our data.

The median time to onset of irGGT elevation (median:
6.0 in the PD-1 group, median 4.4 in the Ipi+ Nivo group)
was slightly shorter than the median time to onset of treat-
ment-related select hepatic AEs (median 7.7 weeks, range
2.0-38.9) as reported by Weber et al. for PD-1 blockade
with nivolumab [5]. In the present study, irGGT elevation
was recorded prior to the first staging in 86% of the patients.
Therefore, irGGT elevation is a suitable early prognostic
marker that enables the clinician to gain prognosis-related
information days or weeks before the first radiological stag-
ing. As GGT is highly expressed not only in melanoma but
also in several other cancer cells like colorectal, breast, and
lung cancer as well as in astrocytic glioma and Ewing’s sar-
coma, it is likely that the results of our study can be trans-
lated to anti-PD-1 treatment of other tumor entities [37].

Immune-related adverse events are considered an anti-
body-driven autoimmune effect of the host. Thus, it is
important to consider that immune-related hepatotoxicity is
likely to serve as a prognostic marker only in patients with
an intact immune system.

Baseline GGT

Our study is the first to analyze baseline GGT and its
prognostic impact on response and survival in metastatic
melanoma and in patients receiving therapy with ICPI.
Increased levels of GGT have been described in the con-
text of hepatocellular carcinoma, viral hepatitis, chronic
alcoholism, and several diseases related to increased oxi-
dative stress like cardiovascular disease, Alzheimer’s dis-
ease, and diabetes mellitus [38—46]. Although it has been
shown that elevated GGT is a prognostic marker for liver
metastasis in breast cancer and colorectal cancer, its prog-
nostic impact in metastatic melanoma had not been uncov-
ered so far. In mice with transplanted B16 melanomas,
serum levels of GGT correlated with tumor growth [47].
Moreover, Melezinek et al. showed in their mouse model
that the B16 melanoma cells express a soluble isoform

@ Springer



1096

Cancer Immunology, Immunotherapy (2021) 70:1089-1099

A PD-1 group

140 - OR:3.57 (1.61-8.24)
P =.00072

=

o N

S o
1 1

No. of patients
D ™
o O

i
o
1

“7
01 no
rGGT rGGT
1 CRIPR 24 59
# SD/PD 13 115

m CR/PR ®SD/PD

C pPp1 group
200 - OR' 5.73 (1.59-20.70)
175 - =.0033
2 150 o
2 125 -
S
S 100 A
© 75
o]
Z 50 A
25 A
-
irGGT |rGGT
H Hepatitis 7 7
Hno Hepatitis 30 174

® Hepatitis ®no Hepatitis

E PD-1group
160 - OR:3.64 (1.65-8.12)
140 | P =.00060
2] i
£ 120
2 100 4
<
e 80 -
© 60 -
o
Z 40
20 -
°] M-
irGGT |rGGT
mALP elevated 20 44
mALP normal 17 137

BALP elevated ®ALP normal

@ Springer

B Ipi+Nivo group

50 , OR:1.74(0.84-3.65)
45 1 P=.12

40 -
35 4
30 A
25 A
20 +
15
10
5.
0

No. of patients

rGGT ieeT

mCR/PR 33 37
®SD/PD 24 47

mCR/PR = SD/PD

D Ipi+Nivo group
100 4 OR:7.74(2.53-28.72)

P <.0001
P 80 -
T
£ 60 1
o
S 40 -
2
20 A
o J
rGGT HGOT
B Hepatitis 18 5
B no Hepatitis 38 83

m Hepatitis ®™no Hepatitis

F 1pi+Nivo group

70 - OR:2.08 (1.01-4.35)

P =.041
60 -
[2]
c 50 A
Q0
w 40
%
%S 30 A
o i
S 20
10 A
0 J
irGGT |rGGT
mALP elevated 31 33
mALP normal 26 58

BALP elevated ®ALP normal



Cancer Immunology, Immunotherapy (2021) 70:1089-1099

1097

«Fig. 3 Associations of immune related gamma-glutamyl transferase
elevations with a and b best objective response, ¢ and d occurrence
of hepatitis considering cases with clinical signs of hepatitis or eleva-
tions of transaminases alone, and e and f elevations of alkaline phos-
phatase (ALP). Statistical differences were calculated utilizing two-
sided Fisher’s exact test. ALP alkaline phosphatase; CR complete
response; irGGT immune-related gamma-glutamyl transferase eleva-
tion; OR odds ratio (given together with 95% confidence interval); P
p value, PD progressive disease; PR partial response; SD stable dis-
ease

of GGT which was the exclusive driver of the observed
serum GGT elevations [47]. Obrador et al. demonstrated
that overexpression of GGT leads to altered glutathione
metabolism and increased metastatic growth in a B16
melanoma mouse model [48]. Specific isoforms of GGT
complexed with low density lipoproteins (LDL) and very
low density lipoproteins (VLDL) have been demonstrated
to discriminate liver tumor patients from patients with
chronic hepatitis or liver cirrhosis [49, 50]. In our data,
multivariate Cox regression analysis including presence or
absence of liver metastasis, lactate dehydrogenase (LDH),
number of metastatic sites, and number of prior therapies,
elevated baseline GGT was an independent predictor for
impaired overall survival (OS) in both cohorts. As its
determination can be routinely done and is cheap, GGT
could amend other prognostic biomarkers and should be
measured before starting therapy with ICPI.

We conclude that the sensitive enzyme GGT is worth to
be determined at baseline and during therapy with ICPI in
addition to the hepatocellular enzymes ALT and AST, and
bilirubin. By continuous monitoring of GGT, it is possible
to detect two to three times more patients with hepatotox-
icity than with the widely utilized LFTs. After exclusion
of liver metastasis or other confounding factors like viral
or steatohepatitis, irGGT elevation can be considered an
independent prognostic factor for response and favorable
survival.
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