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Background: Durvalumab is approved for the treatment of lung cancer,
advanced biliary tract cancers, and is also being evaluated in many other
solid organ tumors. The aim of our study is to define the incidence, etiology,
and outcomes of liver injury in consecutive patients receiving durvalumab-
based immunotherapy.

Patients and methods: Durvalumab treated patients between 1/2016 — 7/2020
were identified from the electronic medical record. Liver injury was defined as
serum AST or ALT > 5x upper limit of normal (ULN), ALP > 2x ULN, bilirubin > 2.5
mg/dl, or INR > 1.5. Potential drug induced liver injury (DILI) cases were
adjudicated using expert opinion scoring and confirmed with Roussel Uclaf
Causality Assessment Method (RUCAM).

Results: Amongst 112 patients, 58 (52%) had non-small cell lung cancer, the
median age was 65 years, and 60% were male. The 21 (19%) liver injury patients
were significantly more likely to harbor hepatic metastases (52% vs 17%,
p=<0.001), experience tumor progression (67% vs 32%, p=0.01) or die (48%
vs 11%, p<0.001) during follow-up compared to the 91 without liver injury.
Using multivariate regression analysis, the development of liver injury during
treatment as well as baseline hepatic metastases were independently
associated with mortality during follow-up. Six of the 21 (29%) liver injury
cases were adjudicated as probable DILI with four attributed to durvalumab and
two due to other drugs (paclitaxel, pembrolizumab). Durvalumab was
permanently discontinued in two DILI patients, three received
corticosteroids, and one was successfully rechallenged. Only one patient
with DILI developed jaundice, and none required hospitalization. Liver
biochemistries normalized in all 6 DILI cases, while they only normalized in
27% of the 15 non-DILI cases (p=0.002). The 6 DILI patients also had a trend
towards improved survival compared to those with other causes of liver injury
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Conclusion: Liver injury was observed in 19% of durvalumab-treated patients
and is associated with a greater likelihood of tumor progression and death
during follow-up. The four durvalumab DILI cases were mild and self-limited,
highlighting the importance of causality assessment to determine the cause of
liver injury in oncology patients receiving immunotherapy.

KEYWORDS

checkpoint inhibitors, immunotherapy, drug hepatotoxicity, immune-mediated liver
injury, drug induced liver injury, Roussel Uclaf Causality Assessment Method, biliary
tract cancer, lung cancer

Introduction

Durvalumab is an immune checkpoint inhibitor (ICI) that
selectively binds to Programmed cell-death 1 ligand 1 (PD-L1)
and inhibits its interactions with Programmed cell death-1 (PD-
1) and CD80 resulting in T cell activation and anti-tumor
responses (1). Durvalumab is currently approved as a single
agent for non-small cell lung cancer (NSCLC), in combination
with other agents for small cell lung cancer (SCLC) and most
recently in 2022, gained approval for advanced biliary tract
cancer in combination with chemotherapy (2, 3). Notably,
durvalumab is the first immunotherapy to be approved for
biliary tract cancer. Durvalumab monotherapy was previously
approved for the treatment of advanced urothelial carcinoma
but voluntarily withdrawn from the market after failing to meet
its primary endpoint in follow-up studies (4).

ICIs are associated with a plethora of immune-related
adverse events (irAE) caused by global immune system
activation due to the inhibition of the “brakes” — PD-1/PD-L1
or CTLA-4 pathways - of the immune system (5). Immune-
mediated liver injury due to ICIs (ILICI) is a subset of drug
induced liver injury (DILI) resulting in indirect hepatoxicity
presumably via intrahepatic T-cell activation (5, 6). In clinical
trials, liver injury is defined based on laboratory cut-offs from the
National Cancer Institute’s (NCI) Common Terminology
Criteria for Adverse Events (CTCAE) (7). The degree of liver
biochemistry and bilirubin elevations determine the grade of
liver injury and recommendations of when to withhold or
withdraw ICI therapy (8). The American Society of Clinical
Oncology (ASCO) recommends evaluation for other causes of
liver injury in ICI treated patients that develop elevated liver
biochemistries (8). However, the incidence of ILICI compared to
other causes of liver injury in patients receiving durvalumab
based immunotherapy is not well defined.

Liver injury was rare in the initial clinical trials of
durvalumab for NSCLC, SCLC and urothelial carcinoma,
occurring in less than 1% of treated patients but elevated liver
chemistries were more frequently encountered in patients with
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advanced biliary tract cancer (4, 9-15). Despite the low overall
incidence of liver injury reported in these studies, severe or even
fatal hepatic events have been reported in post-marketing
surveillance (3). However, there is very limited data on the
etiology of the liver injury in these trials (ILICI vs other causes)
and outcome of these patients. The aim of our study was to
determine the incidence, etiology, and outcomes of liver injury
in 112 consecutive patients receiving durvalumab based
immunotherapy at a single center who were evaluated and
managed using a standardized protocol.

Methods
Data collection

This retrospective study was approved by the University of
Michigan Medical School Institutional Review Board. All adult
patients > 18 years of age who received durvalumab between 1/1/
2016 - 7/14/2020 were identified from the Michigan Medicine
electronic medical record (EMR) using DataDirect software.
Patients who were enrolled in clinical trials that of
durvalumab were included in our search. Clinical
characteristics including age, gender, race, ethnicity, body mass
index (BMI), Eastern Cooperative Oncology Group (ECOG)
performance status, and the number of durvalumab infusions
received were extracted from the EMR. Medical and oncologic
history was confirmed with manual chart review. Baseline
laboratory data immediately before the first durvalumab
infusion were also extracted, including serum aspartate
aminotransferase [AST; upper limit of normal (ULN) 30 IU/
L), alanine aminotransferase (ALT; ULN 35 IU/L), alkaline
phosphatase (ALP; ULN 116 IU/L), total bilirubin (Tbili; ULN
1.2 mg/dL)], international normalized ratio (INR), albumin,
white blood cell count, and platelets.

Additional data regarding doses, frequency, and
combination durvalumab drug regimens were verified with
pharmacy records. Prior chemotherapy regimens before
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durvalumab excluded the chemotherapy that was given with
planned durvalumab consolidation therapy. Treatment
regimens were defined as durvalumab “alone” if given as
monotherapy, “consolidation” when given as maintenance
therapy after completion of cytotoxic chemotherapy, or
“combination” if durvalumab was given simultaneously with
another cytotoxic agent or immunotherapy.

Definition of liver injury

Liver injury was defined using laboratory criteria established
by the Drug-Induced Liver Injury Network (DILIN) of serum
ALT 2 5x ULN, serum ALP > 2x ULN, total bilirubin > 2.5 mg/
dL or INR > 1.5 [14]. A fold increase over baseline was used
when baseline values were greater than the ULN value. Patients
with isolated INR elevation on warfarin were not considered to
have liver injury. In patients who met lab study criteria, serial
liver biochemistries were collected to determine the course and
severity of the liver injury.

Case adjudication

Three physicians (LAS, IK, RJF) adjudicated each liver injury
case and assigned a DILIN expert opinion causality score for
durvalumab or any other suspect drug. This 5 point scale is
defined as 1 = definite (> 95% likelihood), 2 = highly likely (75-
95%), 3 = probable (50-75%), 4 = possible (25-50%), and 5 =
unlikely (< 25%) (16). Patients with a DILIN causality score of 1-3
were considered to have bonafide DILI. Further review of patient
data and clinical history narrowed down whether the DILI was
due to durvalumab versus other drug exposures. An alternate
cause was specified whenever possible for the cases assigned as a
DILIN score 4 or 5. R ratio values were calculated at liver injury
onset using the formula R = (serum ALT/ULN)/(ALP/ULN) and
classified as hepatocellular (R > 5), mixed (R = 2-5) or cholestatic
(R < 2). Additionally, the updated Roussel Uclaf Causality
Assessment Method (RUCAM) for either hepatocellular or
mixed/cholestatic liver injury was calculated for each liver injury
case (17). The range of RUCAM final scores is -9 to 14 with the
following causality levels: < excluded causality; 1-2, unlikely; 3-5,
possible; 6-8, probable; and > 9, highly probable (17).

Analysis

Descriptive statistics are provided using mean (standard
deviation) or median (range) for normally and non-normally
distributed data, respectively. Kaplan-Meier survival curves were
calculated from the time of first durvalumab infusion to death or
last available follow-up in patients with and without liver injury.
Between-group comparisons were performed using chi-squared
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and t-test. Multivariate regression was performed to better
define the role of liver injury versus the presence of hepatic
metastases in patient survival. Statistical significance was defined
as P < 0.05. Analyses were completed in Microsoft Excel
(Microsoft Corporation, Redmond, WA) and RStudio
statistical software (Boston, MA).

Results

Clinical characteristics of the
patient population

A total of 112 patients were treated with durvalumab over the
study period and followed for a median of 422 days (range, 4-
1463) (Figure 1). The median age was 65 (range, 42-85) years,
59.8% were male, 87% Caucasian, and the median ECOG
Performance Status score was 1 (range, 1-3). Four of the five
patients with pre-existing liver disease had prior chronic hepatitis
C (HCV) infection that was successfully treated, resulting in
sustained virologic response. The fifth patient had underlying
non-alcoholic steatohepatitis. As expected, the median value of the
baseline serum AST, ALT, ALP, and total bilirubin levels was
within the normal range (Table 1). Of the 112 durvalumab-treated
patients, 21 (19%) met laboratory criteria for liver injury after
initiating therapy while 91 (81%) did not develop liver injury.
Liver injury in 6 of the patients was attributed to DILI with a
DILIN causality score of 1-3, while the remaining 15 liver injury
cases were attributed to other etiologies.

N =112
Durvalumab Treated
Patients
l
I |
N=21 N =91
Liver Injury No Liver Injury
1 |
D f'Nt=/r? i N=15
efinite/hi . h
likely/probable DILI Possible/Unlikely DILI

FIGURE 1

Patient population. 21 of the 112 (18.7%) patients receiving
durvalumab based ICI therapy met lab criteria for liver injury
while the remaining 91 (81.3%) did not. Six patients with liver
injury were adjudicated as being bonafide DILI with high
causality and RUCAM scores while 15 cases of liver injury were
adjudicated to be due to various non-DILI causes. DILI, drug
induced liver injury.
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TABLE 1 Clinical characteristics of study population.

All Patients (N=112)

Age (years) 65 [42-85]
Male (%) 67 (58.9)
BMI (kg/m2) 27.5 [18.7-44.1]
Caucasian (%) 97 (86.6)
Non-Hispanic/Latino 97 (86.6)
Durvalumab Infusions 9 [1-34]

7500 [600-51000]
Duration of Follow Up (days) 422 [4-1463]
ECOG (0-5) 1 [0-3]
Enrolled in Clinical Trial 53 (47.3%)

Cumulative Durvalumab Dose (mg)

Cancer Type
NSCLC 58 (51.8)
SCLC 0(0)
Urothelial 4 (3.6)
Other 50 (44.6)
Chemotherapy Regimen
Durvalumab Alone 11 (9.8)
Durvalumab Consolidation 59 (52.7)
Durvalumab Combination 42 (37.5)
Baseline Hepatic Metastases 26 (23.2)
Prior Chemo or XRT to the Liver 20 (37.5)
Prior chemo 17 (15.3)
Prior XRT 5 (4.5)
Comorbidities
Chronic kidney disease 31 (27.7)
Diabetes mellitus 25 (22.3)
Congestive heart failure 7 (6.3)
Liver disease 5(4.5)

Baseline Labs

AST (IU/L) 19 [10-30]
ALT (IU/L) 15 [9-31]
ALP (IU/L) 96 [60-213]
Tbili (mg/dL) 0.4 [0.2-0.9]
Other non-hepatic irAEs 27 (24.1)
Tumor Outcome Through 7/14/2020
Progression 43 (38.4)
Stable/remission 67 (59.8)
Unknown 2 (1.8)
Death 20 (17.9)

Data presented as median [range] or n (%).

10.3389/fonc.2022.984940

Liver Injury (n=21) No Liver Injury (n=91) p-value
65 [47-77] 65 [42-85] 0.618
57 (62.6) 10 (47.6) 0.206
28.2 [20.7-44.1] 27.5 [18.7-40.3] 0287
18 (85.7) 79 (86.8) 0.834
21 (100) 86 (94.5) 0271
3 [1-24] 10 [1-34] 0.018
3000 [1500-36000] 9000 [600-51000] 0.076
342 [79-897] 449 [4-1463] 0.47
1[0-1] 1[0-3] 0.704
16 (76.2) 37 (40.7) 0.003
0.005
6 (28.6) 52 (57.1)
0 (0) 0 (0)
1 (4.8) 3(33)
14 (66.7) 36 (39.6)
0.002
1(4.8) 10 (11.0)
5(23.8) 54 (59.3)
15 (71.4) 27 (29.7)
11 (52.4) 15 (16.5) <0.001
7 (33.3) 13 (14.3) 0.0454
6 (28.6) 11 (122) 0.0613
2(9.5) 3(33) 0.0164
7 (33.3) 24 (26.4) 0521
7(333) 18 (19.8) 0.178
0(0) 7(7.7) 0.189
3 (143) 2(22) 0.016
20 [14-25] 19 [10-30] 0.914
14 [10-25] 16 [9-31] 0.947
96 [60-177] 96 [63-213] 0.989
0.3 [03-0.9] 0.4 [0.2-09] 0.926
20 (22) 7(33.3) 0.273
0.012
14 (66.7) 29 (31.9)
7(333) 60 (65.9)
0 (0) 2(22)
10 (47.6) 10 (11) <0.001

BMI, body mass index; kg/m?, kilogram per square meter; mg, milligram; ECOG, Eastern Cooperative Oncology Group performance status; NSCLC, non-small cell lung cancer; SCLC,
small cell lung cancer; XRT, radiation therapy; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase, Tbili, total bilirubin; INR, international

normalized ratio; IU/L, international unit/liter; mg/dL, milligram/deciliter; irAEs, immune related adverse events.

Liver injury and non-liver injury groups

The baseline demographics and comorbidities were similar
in the 21 patients with liver injury compared to the 91 patients
without liver injury (Table 1). However, the liver injury patients
received significantly fewer durvalumab infusions (3 vs. 10, p =
0.018) compared to the patients without liver injury. The liver
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injury patients were also significantly more likely to have
received chemotherapy or radiation therapy (XRT) to the liver
in the year prior to starting durvalumab (33% vs. 14%, p =
0.045). Prior XRT to the liver was rare in both groups but more
common in those with liver injury (9.5% vs. 3.3%, p = 0.0164).
Although the liver injury group was more likely to have known
underlying chronic liver disease (14.3% vs. 2.2%, p = 0.016) and
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liver metastasis (52.4% vs. 16.5%, p < 0.001), the pretreatment
baseline liver biochemistries were similar in both groups.

The non-lung cancer patients enrolled in clinical trials were
more likely to experience liver injury (76.2% vs. 40.7%, p =
0.003), but the time to liver injury onset was not significantly
different compared to patients with lung cancer (78 vs. 181 days,
p = 0.54). The types of solid organ tumors also significantly
differed between the liver injury and non-liver injury groups (p =
0.005). Durvalumab given in combination with cytotoxic
chemotherapy resulted in the highest rate of liver injury
(71.4%% vs. 29.7%) compared to when it was given alone
(4.8% vs. 11%) or as a consolidation therapy (23.8% vs. 59.3%)
in both groups.

There were significantly more patients with tumor
progression in the liver injury group (66.6% vs. 31.9%, p =
0.011). Furthermore, the 21 liver injury patients had significantly
lower survival (47.6% vs. 11%, p < 0.001) compared to the
patients without liver injury (Figure 2). The development of liver
injury during treatment and the presence of hepatic metastases
at the start of therapy were both significant predictors of death in
this cohort (p = 0.025 and p < 0.001, respectively) based on a
multivariate regression model. However, these variables were
independent without significant interaction (p = 0.172).

Other non-hepatic irAEs were noted in 27 (24%) patients,
but this did not differ in the two groups.

10.3389/fonc.2022.984940

Causality assessment of the 21 liver
injury cases

Six of the 21 (28%) liver injury cases were deemed high
causality DILI cases with a DILIN expert opinion score of 1 to 3.
The most common cause of non-DILI mediated liver injury was
liver metastases in 7 of 15 cases (47%), followed by non-
malignant biliary obstruction in 5 cases (33%) (Figure 3).
Other less common causes of liver injury included Gilbert’s
syndrome (1 case), bone metastases leading to elevated ALP (1
case), lung abscess (1 case), and unknown causes (2 cases). The
RUCAM scores in these 15 patients aligned with expert opinion
scores with 7 being excluded, 7 being unlikely and only 1 scored
as possible.

The age, gender, race, ethnicity, and other baseline features
were similar in the DILI and non-DILI groups (Table 2).
Durvalumab exposure was also similar in the different groups
with liver injury. Although the type of cancers varied between
the two groups, all 6 DILI cases had been enrolled in clinical
trials for experimental uses of durvalumab compared to 10 of the
non-DILI cases. The median baseline AST and ALT were
significantly higher in the DILI group compared to the non-
DILI group. However, tumor response and patient survival were
comparable between the DILI and other liver injury groups (p =
0.27) (Supplementary Figure 1).
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FIGURE 2

Survival of patients with and without liver injury after starting durvalumab based immunotherapy. The actuarial patient survival of the 21 patients
who developed liver injury was significantly lower than those without liver injury (p = < 0.001 Kaplan-Meier statistics).
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Etiology of liver injury in 15 non-DILI liver cases of the 15 patients with a causality score of 4-5 indicating possible/unlikely DILI, 7 (47%) had liver
injury attributed to the presence of liver metastases and 3 (20%) due to non-malignant biliary obstruction. Other causes in 5 (33%) included
Gilbert's (1), bone metastases (1), lung abscess (1) and unknown causes (2). DILI, drug induced liver injury.

The median time to liver injury onset was similar between
the 6 DILI and 15 other liver injury cases at 35 and 160 days,
respectively (p=0.519). Hepatocellular liver injury was more
commonly observed in the 6 DILI patients, (50% vs. 6.7%),
while cholestatic liver injury was seen more frequently in the
non-DILI cases (73% vs. 33%). The DILI patients had
significantly higher serum aminotransferase levels at liver
injury onset (AST 343 vs. 82, p < 0.001 and ALT 415 vs. 96,
p = 0.001), but there was no difference between ALP and total
bilirubin levels in the two groups. All six patients with DILI had
normalization of their liver biochemistries at a median of 52
days, while only 4 out of 15 (26.7%) patients with other causes of
liver injury had liver enzymes normalized at a median follow-up
of 17 days. As expected, the 6 DILI patients were also more likely
to be treated with steroids (p = 0.003).

Clinical features of the six DILI cases

Four of the 6 DILI cases were attributed to durvalumab, with
DILIN causality scores of 1-3 for durvalumab and RUCAM
scores of 6-7 indicating probable DILI (Table 3). Most of the
DILI cases had either pancreatic adenocarcinoma or
hepatocellular carcinoma. The median time to liver injury
onset was 35 days (range, 7-610), following a median of 2
durvalumab infusions (range, 1-20). One patient (patient 4)
developed mild jaundice during the follow-up period with a peak
total bilirubin of 2.6 mg/dL. Three patients required
corticosteroids for ILICI for 28-77 days. None of the six
patients required the addition of mycophenolate or
hospitalization due to liver injury. Durvalumab was
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discontinued in 2 patients (33.3%) due to liver injury, two
patients due to disease progression, and one patient due to
immune-mediated kidney injury. Durvalumab monotherapy
was successfully reintroduced in patient six after a 4-week
course of corticosteroids. Liver enzymes normalized or
returned to baseline values in all six patients within a median
of 52 (range, 14-514) days of follow-up. After adjudication, 2 of
the 6 DILI cases were attributed to another agent, including
paclitaxel in case 1 and pembrolizumab in case 5. RUCAM
scores for these two DILI cases due to other drugs, the RUCAM
scores for durvalumab were -2 and -4, indicating durvalumab
DILI causality being excluded. In the case of pembrolizumab-
associated DILI, durvalumab was discontinued due to disease
progression, and the patient developed ILICI while on
pembrolizumab monotherapy.

Liver injury in lung cancer patients

There were 58 patients with NSCLC and none with SCLC.
Six of the 58 (10.3%) developed liver injury, but the injury was
attributed to non-DILI causes in all of them.

Discussion

The number of cancer patients eligible for immunotherapy
in the United States has dramatically increased from 1.5% in
2011 to an estimated 43.6% of all oncology patients in 2018, with
numbers on the rise (18, 19). As of June 2022, durvalumab is
currently being studied in 625 clinical trials across the globe
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TABLE 2 Clinical characteristics of the 21 patients who developed liver injury on durvalumab.

Age (years)
Male (%)
BMI (kg/m2)
Caucasian (%)
Non-Hispanic/Latino(%)
Durvalumab Infusions
Cumulative Durvalumab Dose (mg)
Duration of Follow Up (days)
ECOG (0-5)
Enrolled in Clinical Trial
Cancer Type
Colon Cancer
HCC
NSCLC
Pancreatic Cancer
RCC
SCLC
Urothelial Carcinoma
Chemo Regimen
Durvalumab Alone
Durvalumab Consolidation
Durvalumab Combination
Baseline Hepatic Metastases (%)
Prior Chemo or XRT to the Liver
Prior chemo
Prior XRT
Liver disease
Baseline Labs
AST (IU/L)
ALT (IU/L)
ALP (IU/L)
Tbili (mg/dL)
Other non-hepatic irAEs

Tumor Outcome Through 7/14/2020

Progression

Stable/remission

Unknown
Death

Durvalumab Infusions Prior to Liver Injury

Days to liver injury onset
Labs at Liver Injury Criteria

AST (IU/L)

ALT (IU/L)

ALP (IU/L)

Tbili (mg/dL)

WBC

% Eos

Abs Eos

Frontiers in Oncology

DILI Cases (n=6)

65 [47-70]
3 (50)
32.3 [26-37]
5(83.3)
6 (100)

3 [1-21]
4500 [1500-31500]
508 [228-756]
1[0-1]

6 (100)

0 (0)
2(333)
0 (0)
3 (50)
1(16.7)
0 (0)
0 (0)

0 (0)
0 (0)
6 (100)
5(83.3)
2(333)
1(16.7)
1(16.7)
2(333)

64 [21-82]
54 [19-82]
111 [81-355]
0.7 [0.4-1]
2(33.3)

4 (50)
2(16.7)
0 (0)
2(333)
2 [1-20]
35 [7-610]

343 [36-790]
415 [30-946]
214 [92-579]
0.9 [0.6-1.7]
5.1 [1.9-11.1]
2.85 [1-6]
100 [0-300]

07

Non-DILI Cases (n=15)

63 [49-77]

7 (46.7)
26.1 [20.7-44.1]
13 (86.7)

15 (100)

3 [1-24]
3000 [1500-36000]
272 [79-897]
1[0-1]

10 (66.7)

2(133)
0(0)
6 (40)
3 (20)
3(20)
0 (0)
1(6.7)

1(6.7)
5(33.3)
9 (60)
6 (40)
5(33.3)
5(33.3)
2(133)
1(6.7)

25 [13-95]
22 [10-96]
110 [59-838]
0.4 [0.2-1.9]
5(33.3)

10 (66.7)
5(33.3)
0 (0)
8 (53.3)
3 [1-24]
160 [37-721]

82 [14-259]
96 [21-306]
288 [49-757]
0.8 [0.2-4.4]
8 [4.8-17.4]
1.2 [1.2-10.1]
100 [0-700]

10.3389/fonc.2022.984940

p-value

0.697
0.890
0.202
0.844
NA
0.932
0.469
0.321
0.330
0.105

0.186

0.072

0.445
0.844
0.115

0.022
0.013
0.766
0.821

0.163

0.407
0.742
0.519

<0.001
0.001
0.636
0.403
0.076
0.403
0.809

(Continued)
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TABLE 2 Continued

DILI Cases (n=6)

R ratio at onset 5.3 [0.4-17.4]
Patients with LFT normalization during follow up 6 (100)
Time to LFT normalization (days) 52 [14-514]
Treated with steroids (%) 3 (50)
Durvalumab permanently discontinued 5(83.3)

Data presented as median [range] or n (%).

10.3389/fonc.2022.984940

Non-DILI Cases (n=15) p-value
0.9 [0.2-14.5] 0.027
4(26.7) 0.002
17 [2-54] 0.281
0 (0) 0.003
13 (86.7) 0.843

BMI, body mass index; kg/mz, kilogram per square meter; mg, milligram; ECOG, Eastern Cooperative Oncology Group performance status; NSCLC, non-small cell lung cancer; SCLC,
small cell lung cancer; RCC, renal cell carcinoma; XRT, radiation therapy; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase, Tbili, total bilirubin;
INR, international normalized ratio; IU/L, international unit/liter; mg/dL, milligram/deciliter; irAEs, immune related adverse events; LFT, liver function tests.

(clinicaltrials.gov). Recent studies have shown that clinical
features such as patient age are substantially higher in clinical
practice compared to clinical trials, and overall survival may be
diminished (19, 20). The incidence of hepatotoxicity and ILICI
varies widely from 0.7% to 16% depending on the individual
agent, its dose, and whether it is given in combination with an
anti-CTLA4 agent (21). Therefore, there is an urgent unmet
need to better understand the risk factors for developing liver
injury and outcomes of patients on durvalumab therapy in
clinical practice.

In this study, we describe the liver injury encountered in a
diverse group of 112 cancer patients at a single center receiving
durvalumab-based treatment, with nearly 50% having lung
cancer and the remainder having various other solid organ
tumors. Approximately 19% of these patients developed
laboratory evidence of liver injury with a 5.4% incidence of
DILI from any drug and 3.6% incidence of ILICI specifically
attributed to durvalumab as determined by expert opinion and
RUCAM scoring.

Interestingly, all cases of ILICI were in non-lung cancer
patients in this cohort. A review of the published literature
(Table 4) indicates that the overall incidence of liver injury based
on the CTCAE grading system in the clinical trials of
durvalumab was low, though higher in patients with biliary
tract cancers (4, 9-15). The higher incidence of liver injury
observed in our patients may be due, in part, to the heterogeneity
of our patient population, given the inclusion of patients with
HCC and preexisting liver disease who may be at increased risk
of developing elevations in their liver chemistries from their
underlying cancers. Given the recent approval of durvalumab in
combination with chemotherapy for biliary tract cancer, it is
important to understand how underlying liver and biliary tract
disease may result in abnormal liver enzymes so that these
patients do not have durvalumab prematurely discontinued
due to presumed ILICL

In general, the ILICI experienced by our six patients was
mild, arising at a median of 35 days after the initial durvalumab
infusion, and associated with favorable outcomes. Only 1 of the
patients developed jaundice with a peak bilirubin of 2.6 mg/dL,
and none required hospitalization or died of hepatotoxicity.
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Durvalumab was discontinued in two patients due to ILICI
based on the recommendations for CTCAE grade 3 hepatoxicity
(3, 8). Furthermore, all of the DILI patients experienced
normalization of their liver biochemistries during follow-up.
These data provide reassurance to clinicians with an overall
favorable hepatoxicity profile of durvalumab with generally mild
and reversible liver injury, whether used alone or in combination
with other agents.

Development of liver injury while on durvalumab
immunotherapy was associated with reduced patient survival
(Figure 2). Recently, the presence of hepatic metastases have
been shown to limit the response to ICI and result in both local
and systemic T cell loss (22). Presence of hepatic metastases in
comparison to other metastatic sites of disease led to diminished
responses to ICI and worsened overall survival (22). Given the
high prevalence of hepatic metastases in the liver injury group
compared to the non-liver injury group (52.4% vs. 16.5%), we
sought to determine if the if the hepatic metastases was driving
the worsened survival of this group using multivariate analysis.
While the presence of baseline hepatic metastases was indeed
predictive of death, liver injury during treatment was
independently associated with reduced survival. Further
studies are needed to understand how liver injury may
independently alter the effectiveness of ICI therapy as we did
note increased tumor progression and decreased remission of
disease in patients who developed liver injury.

Although baseline liver biochemistries were similar in
patients who did and did not develop liver injury, the 6 DILI
cases had significantly higher baseline AST and ALT compared
to the 15 non-DILI cases (Table 2). Pretreatment laboratory
exclusion criteria to receive ICI therapy have ranged from
between > 1.5 to > 3x ULN in patients without hepatic
metastases and >5x ULN for patients with hepatic metastases
(5). Importantly, these patients still responded appropriately to
corticosteroids, normalized their liver biochemistries, and did
not have worse outcomes, suggesting that baseline liver
biochemical abnormalities in these patients are not predictive
of worse liver outcomes. In our study cohort, only one patient
was rechallenged with durvalumab after treatment
with corticosteroids.
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TABLE 3 Clinical characteristics of six patients who developed DILI due to any drug on durvalumab.

DILIN Score
(1-5)
(competing
cause)
RUCAM Score
for
Durvalumab

Cancer and
Stage

Chemo
Regimen

Onset of liver
injury (days)
Infusions
prior to liver
injury

Time to LFT
normalization
(days)

R ratio at
onset

Peak Labs
AST (IU/L)

ALT (IU/L)

ALP (IU/L)

Tbili (mg/dL)

Treated with
steroids
(duration)

Drug
discontinued
due to DILI

Outcome

All
DILI
cases
(n=6)

35 [7-
610]
201-
20]

52 [14-
514]

343
[138-
790]
415
[138-
946]
295
[92-
586]
0.9
[0.8-
2.6]

3 (50)

2
(33.3)

Case 1

3 (Overall - Paclitaxel)
5 for Durva

Pancreatic cancer, Stage 4

Durvalumab +
Gemcitabine + Paclitaxel +
Oleclumab

42

175

0.4
(cholestatic)

138

138

309

0.9

Drug discontinued due to
tumor progression; LFTs
normalized after paclitaxel
discontinued due to
neuropathy

Case 2

HCC, Stage C

Durvalumab +
tremelimumab

28

514

17.4
(hepato-
cellular)

790

946

281

22

(28 days)

Tumor
progression;
Drug
discontinued
permanently
due to DILI

Case 3

Pancreatic
cancer, Stage 4

Durvalumab +
Gemcitabine +
Paclitaxel +
Oleclumab

10

18

32
(mixed)

328

437

586

0.9

Stable/remission
of disease; Drug
discontinued due
to other irEA
(AKI)

Case 4

2 (Overall - Oleclumab and
Durva)

Pancreatic cancer, Stage 4

Durvalumab + Gemcitabine
+ Paclitaxel +
Oleclumab

72

7.5
(hepato-cellular)

514

392

200

2.6

Tumor progression; Drugs
discontinued permanently
due to DILI; LFTs
normalized to baseline after
discontinuation

10.3389/fonc.2022.984940

Case 5

3 (Overall - Pembro),
5 for Durva

RCC,
Stage 4

Durvalumab +
guadecitabine;
pembrolizumab after
progression

100

14

17.3
(hepato-cellular)

358

480

92

0.8

(77 days)

Drug discontinued due
to tumor progression;
Treated with steroids

for pembro induced
hepatitis

Case 6

HCC, Stage C

Durvalumab +
tremelimumab

610

20

31

1.3
(cholestatic)

196

226

579

0.8

Y
(28 days)

N

Stable/remission
of disease; drug
restarted after
treatment with
steroids

DILIN, Drug-Induced Liver Injury Network; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma, AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline
phosphatase, Tbili, total bilirubin; DILI, drug-induced liver injury; irAEs, immune related adverse events; LFTs, liver function tests; AKI, acute kidney injury; Y, yes; N, no, durva,
durvalumab, pembro, pembrolizumab.
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TABLE 4 Published studies of Liver Injury in patients receiving durvalumab treatment.

Publication  Study Patient Drug regimen Median N Incidence  Definition of liver
Design  Population Duration of of liver injury
follow up injury
(mon)

Antonia 2017°  Phase IIJ; Stage III Durvalumab consolidation (10 mg/kg Q2W) NR 473 0 NA

Progression NSCLC after platinum-based chemotherapy

free survival
Antonia Phase 11 Stage III Durvalumab consolidation (10 mg/kg Q2W) 25.2 473 0 NA
2018"° Overall NSCLC after platinum-based chemotherapy

survival

Antonia Phase I/ Stage III Durvalumab consolidation (10 mg/kg Q2W) 27.8 - 42.5 304 2 (<1%) Grade 1 to 4 hepatitis

2019"" NSCLC 1 (<1%) Grade 3 or 4 hepatitis

Paz-Ares Phase IIT Extensive stage Durvalumab (1500 mg Q3W) + platinum- 7 265 7 (2.6%) Any grade hepatoxicity

2019"* SCLC etoposide followed by durvalumab 5 (1.9%) Grade 3 or 4 hepatitis

consolidation (1500 mg Q4W)

Goldman Phase III Extensive stage Durvalumab (1500 mg Q3W) + 25.1 531 18 (3.4%) Grade 1 to 4 hepatitis

2021" SCLC tremelimumab + platinum-etoposide 13 (2.4%)  Grade 3 or 4 hepatitis

followed by durvalumab consolidation (1500 1 lethal case of hepatoxicity
mg Q4W)

Vs

Durvalumab (1500 mg Q3W) + platinum-

etoposide followed by durvalumab

consolidation (1500 mg Q4W)

Powles 2017'*  Phase I/II Advanced/ Durvalumab (10 mg/kg Q2W) NR 1012 1 (<1%) 1 lethal case of hepatoxicity
metastatic 9 (<1%) Grade 3 or 4 hepatitis
urothelial
carcinoma

Powles 2020 Phase III Advanced/ Durvalumab (1500 mg Q4W) 41.2 340 2 (<1%) 2 lethal cases of hepatoxicity
metastatic vs 345 0 (grade 5 acute hepatic failure
urothelial Durvalumab (1500 mg Q4W)+ and cholestatic hepatitis)
carcinoma tremelimumab followed by durvalumab

(1500 mg Q4W) alone

Oh 2022"° Phase 11T Advanced/ Durvalumab (1500 mg Q3W) + gemcitabine- 16.8 341 29 (8.6%) Increased ALT
metastatic cisplatin followed by durvalumab (1500 mg 2 (<1%) Hepatic irAE grade 3/4
biliary tract Q4W) consolidation
cancer

durvalumab NSCLC and Variable NA 1889 19 (1%) Grade 3 or 4 elevations in

package SCLC LFTs

insert”

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; mg, milligrams; Mon, months; LFT, liver function tests; mg/kg, milligram/kilogram; NR, not reached; NA, No answer.

Strengths of our study include the significant number of
patients who were managed using a common clinical protocol at
a single center with a median follow-up of over 1.2 years.
However, a large proportion of patients were enrolled in
investigational studies with heterogenous tumors and the
number of ethnic minority patients was small limiting the
generalizability of our findings. Nonetheless, to our knowledge,
this is the largest case series describing hepatic outcomes in
durvalumab treated patients in clinical practice (Table 4) (23,
24). Following formal causality assessment with expert opinion
adjudication and confirmation with RUCAM scores, only six of
the 21 liver injury cases (28%) were attributed to DILI and the
remainder were attributed to disease progression or other causes
(Figure 3). These data are similar to our recent study of
pembrolizumab therapy in 420 patients with melanoma and
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other solid tumors (25). An additional strength of our study
includes the use of the well-validated RUCAM scoring system
for ICI liver toxicity (26, 27).

An important limitation of our study is the small number of
verified DILI cases in this cohort of 112 patients. The
retrospective nature of this study also limits our ability to
establish causation. The use of EMR mining for case
identification may also lead to biases and loss of interpretation
of clinical context (28). Additionally, we were limited by the
absence of liver biopsies and incomplete serologic evaluations to
diagnose alternative etiologies of liver injury. However, recent
retrospective studies have indicated that liver biopsy does not
necessarily influence the outcome or management of patients
with grade 3 or 4 hepatotoxicity and that corticosteroids can be
initiated in patients with moderate hepatocellular injury while
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other causes are being investigated (29). Furthermore, the
histology of ILICI has been fairly heterogeneous to date so
that liver biopsy may not necessarily impact clinical
management. Our data support these recommendations as
patients with ILICI were able to be identified by careful review
of their laboratory values, serologies, and imaging by their
medical oncologist.

Conclusion

In summary, 19% of patients receiving durvalumab-based
immunotherapy developed laboratory evidence of liver injury.
The liver injury was attributed to DILI in only a small
proportion of these cases (26%), highlighting the need for a
thorough evaluation of alternative causes of liver biochemistry
elevations in oncology patients. All 4 patients with durvalumab
ILICI had mild disease and recovered during follow-up. Our
data and those from published clinical trials suggest that
durvalumab-based immunotherapy has a favorable liver safety
profile assuming that vigilant laboratory and clinical monitoring
is undertaken.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by University of Michigan Institutional Review Board.
Written informed consent from the participants’ legal guardian/next
of kin was not required to participate in this study in accordance with
the national legislation and the institutional requirements.

Author contributions

LS, conception and design, provision of patients, collection
and assembly of data, data analysis and interpretation,

References

1. Stewart R, Morrow M, Hammond SA, Mulgrew K, Marcus D, Poon E, et al.
Identification and characterization of MEDI4736, an antagonistic anti-PD-L1
monoclonal antibody. Cancer Immunol Res (2015) 3(9):1052-62. doi: 10.1158/
2326-6066.CIR-14-0191

2. Kemp A. Imfinzi plus chemotherapy approved in the US as the first
immunotherapy regimen for patients with advanced biliary tract cancer. In:

Frontiers in Oncology

11

10.3389/fonc.2022.984940

manuscript writing, and final approval of manuscript. IK,
collection and assembly of data, data analysis and
interpretation, manuscript writing, and final approval of
manuscript. IT, data analysis and interpretation, and final
approval of manuscript. BS, conception and design, data
interpretation, and final approval of manuscript. RF,
conception and design, provision of patients, data analysis and
interpretation, manuscript writing, and final approval of
manuscript. All authors contributed to the article and
approved the submitted version.

Conflict of interest

RF has research supported by Gilead however this is
unrelated to the topic of this manuscript.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.984940/full#supplementary-material

SUPPLEMENTARY FIGURE 1

Survival of DILI and other liver injury patients after starting durvalumab
immunotherapy.The actuarial patient survival in the six patients with DILI
versus the 15 patients with non-DILI-related liver injury was similar (p = 0.27
Kaplan-Meier statistics). DILI, drug induced liver injury; DILIN, Drug Induced
Liver Injury Network.

AstraZeneca, (Cambridge, UK: AstraZeneca Media) (2022). Available at: https://
www.astrazeneca.com/media-centre/press-releases/2022/imfinzi-approved-in-us-
for-biliary-tract-cancer.html#!.

3. FDA. IMFINZI. (Cambridge, UK: AstraZeneca Media) (2021). pp. 1-29.

4. Powles T, van der Heijden MS, Castellano D, Galsky MD, Loriot Y, Petrylak
DP, et al. Durvalumab alone and durvalumab plus tremelimumab versus

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.984940/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.984940/full#supplementary-material
https://doi.org/10.1158/2326-6066.CIR-14-0191
https://doi.org/10.1158/2326-6066.CIR-14-0191
https://www.astrazeneca.com/media-centre/press-releases/2022/imfinzi-approved-in-us-for-biliary-tract-cancer.html#!
https://www.astrazeneca.com/media-centre/press-releases/2022/imfinzi-approved-in-us-for-biliary-tract-cancer.html#!
https://www.astrazeneca.com/media-centre/press-releases/2022/imfinzi-approved-in-us-for-biliary-tract-cancer.html#!
https://doi.org/10.3389/fonc.2022.984940
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Swanson et al.

chemotherapy in previously untreated patients with unresectable, locally advanced
or metastatic urothelial carcinoma (DANUBE): a randomised, open-label,
multicentre, phase 3 trial. Lancet Oncol (2020) 21(12):1574-88. doi: 10.1016/
$1470-2045(20)30541-6

5. Regev A, Avigan MI, Kiazand A, Vierling JM, Lewis JH, Omokaro SO, et al.
Best practices for detection, assessment and management of suspected immune-
mediated liver injury caused by immune checkpoint inhibitors during drug
development. J Autoimmun (2020) 114:102514. doi: 10.1016/j.jaut.2020.102514

6. Hoofnagle JH, Bjornsson ES. Drug-induced liver injury — types and
phenotypes. N Engl ] Med (2019) 381(3):264-73. doi: 10.1056/NEJMra1816149

7. National Cancer Institute. Common terminology criteria for adverse events
(CTCAE).v.5.0 (2017). Available at: https://ctep.cancer.gov/protocolDevelopment/
electronic_applications/ctc.htm#ctc_50.

8. Schneider BJ, Naidoo J, Santomasso BD, Lacchetti C, Adkins S, Anadkat M,
et al. Management of immune-related adverse events in patients treated with
immune checkpoint inhibitor therapy: ASCO guideline update. J Clin Oncol (2021)
39(36):4073-126. doi: 10.1200/JCO.21.01440

9. Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, et al.
Durvalumab after chemoradiotherapy in stage III non-Small-Cell lung cancer. N
Engl ] Med (2017) 377(20):1919-29. doi: 10.1056/NEJMo0al709937

10. Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, et al.
Overall survival with durvalumab after chemoradiotherapy in stage III NSCLC. N
Engl ] Med (2018) 379(24):2342-50. doi: 10.1056/NEJM0al1809697

11. Antonia SJ, Balmanoukian A, Brahmer ], Ou SHI, Hellmann MD, Kim SW,
et al. Clinical activity, tolerability, and long-term follow-up of durvalumab in
patients with advanced NSCLC. J Thorac Oncol (2019) 14(10):1794-806.
doi: 10.1016/j.jth0.2019.06.010

12. Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab plus platinum-etoposide versus platinum-etoposide in first-line
treatment of extensive-stage small-cell lung cancer (CASPIAN): A randomised,
controlled, open-label, phase 3 trial. Lancet (2019) 394(10212):1929-39. doi:
10.1016/50140-6736(19)32222-6

13. Goldman JW, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab, with or without tremelimumab, plus platinum-etoposide versus
platinum-etoposide alone in first-line treatment of extensive-stage small-cell lung
cancer (CASPIAN): Updated results from a randomised, controlled, open-label, phase
3 trial. Lancet Oncol (2021) 22(1):51-65. doi: 10.1016/S1470-2045(20)30539-8

14. Powles T, O’Donnell PH, Massard C, Arkenau HT, Friedlander TW,
Hoimes CJ, et al. Efficacy and safety of durvalumab in locally advanced or

metastatic urothelial carcinoma: Updated results from a phase 1/2 open-label
study. JAMA Oncol (2017) 3(9):1-10. doi: 10.1001/jamaoncol.2017.2411

15. Oh D-Y, Ruth He A, Qin S, Chen L-T, Okusaka T, Vogel A, et al.
Durvalumab plus gemcitabine and cisplatin in advanced biliary tract cancer.
NEJM Evid (2022) 1(8):1-11. doi: 10.1056/EVID0a2200015

16. Fontana RJ, Watkins PB, Bonkovsky HL, Chalasani N, Davern T, Serrano J,
et al. Drug-induced liver injury network (DILIN) prospective study. Drug Saf
(2009) 32(1):55-68. doi: 10.2165/00002018-200932010-00005

Frontiers in Oncology

12

10.3389/fonc.2022.984940

17. Danan G, Teschke R. RUCAM in drug and herb induced liver injury: The
update. Int ] Mol Sci (2016) 17(1):1-33. doi: 10.3390/ijms17010014

8. Haslam A, Prasad V. Estimation of the percentage of us patients with cancer
who are eligible for and respond to checkpoint inhibitor immunotherapy drugs.
JAMA Netw Open (2019) 2(5):1-9. doi: 10.1001/jamanetworkopen.2019.2535

19. O’Connor JM, Fessele KL, Steiner ], Seidl-Rathkopf K, Carson KR,
Nussbaum NC, et al. Speed of adoption of immune checkpoint inhibitors of
programmed cell death 1 protein and comparison of patient ages in clinical practice
vs pivotal clinical trials. JAMA Oncol (2018) 4(8):1-9. doi: 10.1001/
jamaoncol.2018.0798

20. Cramer-van der Welle CM, Verschueren MV, Tonn M, Peters BJM,
Schramel FMNH, Klungel OH, et al. Real-world outcomes versus clinical trial
results of immunotherapy in stage IV non-small cell lung cancer (NSCLC) in the
Netherlands. Sci Rep (2021) 11(1):1-9. doi: 10.1038/s41598-021-85696-3

21. Peeraphatdit T, Wang J, Odenwald MA, Hu S, Hart J, Charlton MR.
Hepatotoxicity from immune checkpoint inhibitors: A systematic review and
management recommendation. Hepatology (2020) 72(1):315-29. doi: 10.1002/
hep.31227

22. Yu ], Green MD, Li S, Sun Y, Journey SN, Choi E, et al. Liver metastasis
restrains immunotherapy efficacy via macrophage-mediated T cell elimination. Nat
Med (2021) 27(1):152-64. doi: 10.1038/s41591-020-1131-x

23. Nakamura M, Otsuka T, Hayashi R, Horita T, Ota M, Sakurai N, et al.
Durvalumab-induced immune-related hepatitis in a patient with non-small cell
lung cancer. Intern Med (2020) 59(21):2711-7. doi: 10.2169/
internalmedicine.4699-20

24. Nakashima K, Demura Y, Oi M, Tabata M, Tada T, Shiozaki K, et al.
Infliximab was found to be effective for treating immunosuppressive drug-resistant
hepatitis due to durvalumab. Intern Med (2020) 59(23):3055-9. doi: 10.2169/
internalmedicine.5216-20

25. TsungI, Dolan R, Lao CD, Fecher L, Riggenbach K, Yeboah-Korang A, et al.
Liver injury is most commonly due to hepatic metastases rather than drug
hepatotoxicity during pembrolizumab immunotherapy. Aliment Pharmacol Ther
(2019) 50(7):800-8. doi: 10.1111/apt.15413

26. Cunha T, Wu GY, Vaziri H. Immunotherapy-induced Hepatotoxicity : A
review. J Clin Transl Hepatol (2022), 1-11. doi: 10.14218/JCTH.2022.00105

27. Teschke R, Danan G. Worldwide use of RUCAM for causality assessment
published 1993 - mid 2020 : A comprehensive analysis. Medicines (2020) 7(10):62—
101. doi: 10.3390/medicines7100062

28. Agniel D, Kohane IS, Weber GM. Biases in electronic health record data due
to processes within the healthcare system: Retrospective observational study. BMJ
(2018) 361:k1479. doi: 10.1136/bm;j k1479

29. LiM, Sack]JS, Bell P, Rahma OE, Srivastava A, Grover S, et al. Utility of liver
biopsy in diagnosis and management of high-grade immune checkpoint inhibitor
hepatitis in patients with cancer. JAMA Oncol (2021) 7(11):1711-14. doi: 10.1001/
jamaoncol.2021.4342

frontiersin.org


https://doi.org/10.1016/S1470-2045(20)30541-6
https://doi.org/10.1016/S1470-2045(20)30541-6
https://doi.org/10.1016/j.jaut.2020.102514
https://doi.org/10.1056/NEJMra1816149
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50
https://doi.org/10.1200/JCO.21.01440
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1056/NEJMoa1809697
https://doi.org/10.1016/j.jtho.2019.06.010
https://doi.org/10.1016/S0140-6736(19)32222-6
https://doi.org/10.1016/S1470-2045(20)30539-8
https://doi.org/10.1001/jamaoncol.2017.2411
https://doi.org/10.1056/EVIDoa2200015
https://doi.org/10.2165/00002018-200932010-00005
https://doi.org/10.3390/ijms17010014
https://doi.org/10.1001/jamanetworkopen.2019.2535
https://doi.org/10.1001/jamaoncol.2018.0798
https://doi.org/10.1001/jamaoncol.2018.0798
https://doi.org/10.1038/s41598-021-85696-3
https://doi.org/10.1002/hep.31227
https://doi.org/10.1002/hep.31227
https://doi.org/10.1038/s41591-020-1131-x
https://doi.org/10.2169/internalmedicine.4699-20
https://doi.org/10.2169/internalmedicine.4699-20
https://doi.org/10.2169/internalmedicine.5216-20
https://doi.org/10.2169/internalmedicine.5216-20
https://doi.org/10.1111/apt.15413
https://doi.org/10.14218/JCTH.2022.00105
https://doi.org/10.3390/medicines7100062
https://doi.org/10.1136/bmj.k1479
https://doi.org/10.1001/jamaoncol.2021.4342
https://doi.org/10.1001/jamaoncol.2021.4342
https://doi.org/10.3389/fonc.2022.984940
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Liver injury during durvalumab-based immunotherapy is associated with poorer patient survival: A retrospective analysis
	Introduction
	Methods
	Data collection
	Definition of liver injury
	Case adjudication
	Analysis

	Results
	Clinical characteristics of the patient population
	Liver injury and non-liver injury groups
	Causality assessment of the 21 liver injury cases
	Clinical features of the six DILI cases
	Liver injury in lung cancer patients

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


