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Background: Data on drug-induced liver injury (DILI) and acute liver failure (ALF) on modern 

oncologic phase I trials are limited, specifically regarding the incidence and resolution of DILI and 

safety of drug rechallenge.

Methods: We reviewed all patients who were recruited to oncologic phase I trials between 2013 

and 2017 at Memorial Sloan Kettering Cancer Center. Clinicopathologic data were extracted 

to characterize DILI and attribution was assessed using prospectively generated data during 

the studies. Logistic regression models were used to explore factors related to DILI and DILI 

recurrence after drug rechallenge.

Results: Among 1670 cases recruited to 85 phase I trials, 81 (4.9%) developed DILI. The rate of 

DILI occurrence was similar between patients in immune-based trials and targeted therapy trials 

(5.0% vs. 4.9%), as was the median time to DILI (5.5 vs. 6.5 weeks, respectively; P = 0.48). 

Two patients (0.12%) met the criteria of Hs’ law, although none developed ALF. DILI resolved 

in 96% of patients. Pretreatment factors did not predict for DILI development. Thirty-six of 81 

patients underwent a drug rechallenge, of whom 28% developed DILI recurrence. Peak alanine 

aminotransferase during the initial DILI was associated with DILI recurrence (OR 1.04; 95% CI, 

1.0 to 1.09; P = 0.035).

Conclusions: On modern phase I oncology trials, DILI is uncommon, may occur at any time, 

and often resolves with supportive measures. Rechallenging after DILI is feasible; however, the 

high rate of DILI recurrence suggests that clinicians should consider the severity of the DILI 

episode and treatment alternatives.

Precis for Use in the Table of Contents:

On modern phase I oncology trials, drug-induced liver injury (DILI) is uncommon and may occur 

at any time. Drug rechallenge after DILI is feasible; however, the high rate of DILI recurrence 

suggests that clinicians should consider the severity of the DILI episode and other treatment 

alternatives.

Keywords

Advanced solid tumors; Phase I; Drug induced liver injury; Precision medicine; Immunotherapy

INTRODUCTION

Nearly half of all drugs entering early-phase clinical trials fail to advance to phase 

II/III studies due to intolerable toxicity, inactivity, and/or unfavorable pharmacokinetic 

properties.1 Hepatic function, a critical determinant of investigational drug metabolism, 

influences drug efficacy and adverse events (AEs). Given the paramount importance of liver 

function and hepatic metabolism, preclinical toxicology studies seek to extensively vet novel 

anticancer treatment candidates for their effects on the liver. Although rare, drug-induced 

liver injury (DILI) that progresses to acute liver failure (ALF) is a catastrophic event 

for patients with cancer, and may also delay or terminate oncologic drug development 

programs.2 Hence, predictive models designed to assess the potential for a drug to cause 

ALF, including Hs’ law, are often embedded into phase I studies.3–6 Data regarding the 

predictive features of such models are derived from studies enriched with patients who 
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have idiosyncratic reactions to antibiotics and anti-epileptics drugs and have never been 

prospectively validated in oncology drug development.6, 7

Prior to the advent of both molecular-targeted and immune-based therapies, it was 

established that about 60% of patients experience some degree of liver test abnormalities 

in the context of investigational cytotoxic chemotherapy, and approximately 6% experience 

severe hepatic dysfunction as defined by the Organ Dysfunction Working Group.8 Phase I 

studies in oncology are now dominated by small molecule therapy and immunotherapies, for 

which there are limited data regarding the incidence, kinetics, treatment, and resolution 

of liver function abnormalities.9 As the pathophysiology of DILI is dependent on the 

mechanism of action of the proposed drug,10 a review of hepatic toxicity in contemporary 

early-phase trials is highly relevant. These findings have the potential to guide both the 

drug development and clinical management of this AE. Furthermore, it is unclear if 

rechallenge after DILI is a feasible strategy, which historically has been discouraged.11 In 

oncologic trials, rechallenge after DILI might be favored for patients without other treatment 

alternatives and a favorable perceived risk-benefit ratio. An adaptive response by the liver 

after exposure to the drug has been described, providing the rationale for rechallenge.12 

Experts have advocated for this approach in specific circumstances,13 but data supporting 

the safety of rechallenge in patients with cancer are scarce.

Herein, we reviewed a large, prospectively-annotated, clinical database of solid tumor 

patients receiving contemporary investigational therapy. To define the DILI event, we used 

causality assessment generated during the prospective studies. Our goals were to describe 

the pattern and kinetics of DILI in patients enrolled in modern phase I trials; investigate 

factors that may predispose patients to DILI; and describe outcomes in those who developed 

DILI and later underwent rechallenge with the study drug.

MATERIALS AND METHODS

Study Design and Participants

All patients with advanced cancer recruited and treated for phase I trials between January 

1, 2013 and December 31, 2017 on the Phase I Service at Memorial Sloan Kettering 

Cancer Center (MSK) were included for analysis. Patients were treated on a dedicated 

phase 1 service, which included board -certified medical oncologists, a dedicated research 

pharmacist, research nurses and research staff. Relevant clinical data and all AEs were 

recorded prospectively on the MSK Clinical Research Database (CRDB), an institutionally-

supported, encrypted, electronic database.14 National Cancer Institute (NCI) Common 

Terminology Criteria for Adverse Events (CTCAE) was used for prospective recording of all 

AEs, AE grade and severity, and AE attribution for all patients. Attribution/causality of AEs, 

including DILI, was assessed by the Principal Investigator of each clinical trial after review 

of real-time clinical data and medical work-up for alterative causes. Unrelated AEs were 

defined as those that were clearly not or doubtfully-related to the investigational product, 

while related AEs were at least possibly related to the investigational agent per the NCI 

criteria.
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MSK-CRDB was queried for all patients treated during a 5-year period and all clinical 

data were extracted from the database. All patients who developed DILI during these trials 

were identified by performing a targeted electronic search of MSK-CRDB. The specific 

search terms used to identify toxicities included the following: “alanine aminotransferase 

increased”, “aspartate aminotransferase (AST) increased”, “alkaline phosphatase increased”, 

“blood bilirubin increased”, “INR increase”, ”encephalopathy,” and “hepatic failure.” All 

patient charts then underwent manual review by at least 2 adjudicators, and when required, a 

board-certified hepatologist, to assurance quality of the prospective data.

DILI was defined as alanine aminotransferase (ALT) > 5-fold the upper limit of normal 

(5× ULN), alkaline phosphatase (ALP) > 2× ULN, or ALT > 3× ULN and total bilirubin 

> 2× ULN.15 Hs’ law was defined as DILI resulting in increased ALT > 3× ULN and 

total bilirubin > 2× ULN after excluding other potential causes and without a significant 

cholestatic component (ALP > 2× ULN) according to the Food and Drug Administration 

guideline for DILI evaluation.16 ALF was defined as presence of hepatic encephalopathy 

assessed and allocated by the investigator during the study and coagulopathy (international 

normalized ratio > 1.5).17

Data Collection

Clinical data were extracted from the electronic medical records. Variables collected 

included the following: patient and tumor characteristics, treatments received, laboratory 

values, and clinical outcomes, including proportion of patients who experienced DILI, 

time to DILI onset, resolution of DILI, DILI recurrence after rechallenge, and prolonged 

treatment after rechallenge, which was defined as more than 3 months of treatment. 

This research was conducted under appropriate Institutional Review Board/Privacy Board 

protocols and waivers, and the study was conducted in accordance with recognized ethical 

guidelines.

Statistical Analyses

A descriptive analysis of the population was performed using central tendency and 

dispersion measures according to the nature of the variable. Fisher’s exact test was 

used to compare categorical variables and the Wilcoxon-Mann-Whitney test was used 

for continuous variables. Patterns of liver abnormalities were tabulated and summarized 

descriptively. Time to DILI among those with DILI was measured in weeks from treatment 

start to first documentation of DILI, according to abovementioned criteria. Associations 

between patient characteristics and liver toxicity were assessed univariately. Logistic 

regression models were used for the binary liver toxicity outcomes of DILI, rechallenge 

after DILI, and recurrence after rechallenge.

RESULTS

Patients

This study includes 1670 cases enrolled in a total of 85 phase I trials at MSK within 

the Phase I Service. This considers 1535 patients of whom 120 patients participated in 

more than one phase I trial. Patients received treatments with the following drug classes: 
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immunotherapy (50%), targeted agents (42%), a combination of therapies (4%), cytotoxic 

agents (3%), and other types of drugs (1%). The most frequent immunotherapy strategy used 

for the management of these patients was combination immunotherapy (51%) followed by 

single-agent immune checkpoint modulators (41%). Patients were a median age of 60 years 

(range, 15 to 81 years), and 54% were female. In addition, gastrointestinal tract cancer was 

the most common type of malignancy (21.5%). A consort diagram of patients included in 

this study is depicted in Figure 1 and mechanism of action of study drugs in the DILI cohort 

is described in Supplementary Table 1.

Proportion of Patients with DILI and ALF

Among 1670 cases, 81 patients (4.9%) developed DILI during the study period. Baseline 

characteristics were similar among those who developed DILI and those who did not 

(Table 1). No patient with DILI had a previous diagnosis of chronic liver disease, including 

cirrhosis or a history of DILI. Sixty patients (74%) had baseline viral serology for hepatitis 

which was negative in all cases. The incidence of DILI was similar in immunotherapy 

trials (5%) compared with targeted therapy trials (4.9%) (P = 0.90). Seventy-five percent 

of patients had ALT > 5× ULN at diagnosis of DILI and 39% had ALP > 2× ULN. In 

22% of patients, more than one criterion was met for the diagnosis of DILI. Four patients 

underwent liver biopsy as a result of hepatic test alterations; in 3 of these patients, the biopsy 

described changes associated with drug causality, and the remaining patient had non-specific 

pathologic findings.

The median time to diagnosis of DILI was 6 weeks since the start of the study drug 

(range, 1 to 121 weeks) (Figure 2). In 50 patients (62%), the DILI event occurred after 

the first 4 weeks on study. Among those who developed DILI, the median time to onset 

was similar between patients receiving targeted therapy and immunotherapy (5.5 vs. 6.5 

weeks, P= 0.48). During the evolution of DILI, the incidence of grade 4 AST, ALT, ALP, 

and bilirubin elevation was 5%, 11%, 1%, and 1%, respectively. During the study period, 2 

patients (0.12%) met Hs’ law; no episodes of drug-related liver failure were identified. In 

most cases (96%), liver enzymes returned to grade 1 levels with supportive measures, study 

drug cessation, and immunosuppression in a median time of 13 days (range, 2 to 178 days). 

Two patients died due to disease progression before DILI resolution and 1 patient was lost to 

follow-up. In patients who developed DILI while receiving immunotherapy, 84% and 24% 

were treated with corticosteroids and combination of corticosteroids and mycophenolate, 

respectively. In patients enrolled into trials that included targeted therapies or a combination 

of different classes of agents, corticosteroids were used in 26%.

Rechallenge after DILI

In the group of patients with DILI, 36 (44%) underwent a drug rechallenge. In 21 patients 

(58%), the treatment was modified with a dose reduction or by stopping one of the drugs in 

combination regimens. In the rechallenge group, the incidence of grade 4 AST, ALT, ALP 

and bilirubin elevation was 0%, 6%, 0% and 0%, respectively. Characteristics of patients 

who underwent and did not undergo a rechallenge are described in Table 2. The previous 

use of mycophenolate was higher in patients without a rechallenge compared with those 

who underwent rechallenge (20% vs. 3%; P= 0.037). Subsequent DILI after rechallenge 
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occurred in 28% of patients (Figure 3). Median time to DILI recurrence among those who 

underwent rechallenge and had a recurrence was 3 weeks (range, 1 to 10 weeks), and there 

were no cases of ALF. Fifty-six percent of patients received the study drug for more than 3 

months after drug rechallenge. Fifteen patients (42%) received the study drug for more than 

3 months without experiencing DILI recurrence.

Predictors of DILI and DILI recurrence

Age, sex, tumor type, and type of investigational treatment were not associated with DILI 

occurrence based on univariate analysis. Following a first episode of DILI and rechallenge, 

the only variable that was associated with recurrence of liver injury was the peak value of 

ALT at the time of the first episode of DILI (OR 1.04; 95% confidence interval, 1.0 to 1.09; 

P= 0.035) (Table 3). Multivariate analysis was not conducted given the limited number of 

DILI events and the observation that few patient characteristics were positive on univariate 

analysis.

DISCUSSION

In this large, single-center study, DILI occurred in approximately 5% of patients. Of note, 

ALF was not observed in our carefully monitored cohort, and most patients recovered 

with drug cessation with or without supportive medications. DILI incidence was similar 

in patients treated with targeted therapies and immunotherapy agents, and no baseline 

patient- or trial-specific factors appeared to predict for first DILI occurrence. The number 

of potential predictive factors built into the analysis was limited; however, the stringent 

inclusion criteria on phase I studies effectively harmonized factors of interest such as 

performance status, baseline organ function, alcohol use, herbal mediations, viral hepatitis, 

and disease stage.

Our report provides important insights into DILI in the context of modern drug development. 

First, our observation that more than half of all DILI events occur after 28 days 

(i.e., the dose-limiting toxicity window for many phase I studies) reflects the complex 

pathophysiology of DILI.18 Agents that cause direct hepatic toxicity do so with short 

latency, with DILI occurring on the order of days, while agents that result in idiosyncratic 

hepatotoxicity or indirect liver injury may have a long latency, with DILI occurring on the 

order of weeks to months from the initiation of therapy. Second, inferred from our data, 

clinicians often establish the diagnosis of DILI on clinical grounds alone, without the use 

of a liver biopsy, after alternative causes such as viral hepatitis have been excluded. Third, 

regarding treatment of DILI, patients undergoing immunotherapy received corticosteroids 

and in some cases mycophenolate, but interestingly, more than a quarter receiving other 

classes of agents were also treated with corticosteroids. Corticosteroids have been shown 

to decrease liver toxicity in some specific settings, such as in the prevention of trabectedin-

associated liver toxicity.19, 20 However, their extended use in patients with DILI that is not 

associated with immunotherapeutics is investigational.

A critical aspect for clinicians, sponsors, and regulatory authorities is patient management 

after toxicity. Although our data indicate that drug rechallenge is feasible and that a 

proportion of patients will receive the investigational agent without DILI recurrence for a 
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prolonged time, such an approach is certainly not without a risk of DILI recurrence. Indeed, 

this risk was approximately five times higher after rechallenge compared with the initial 

DILI risk in our cohort. Furthermore, as 56% of patients with an initial DILI event were 

not rechallenged with drug, it is possible that risk of DILI recurrence in our series is an 

underestimate.

In those patient who underwent rechallenge, the severity of initial DILI was associated 

with a higher risk of DILI recurrence. Rechallenge of cancer drugs after DILI has been 

studied in patients receiving FDA-approved drugs. In a review of nine prospective phase 

II and III trials that evaluated efficacy and safety of pazopanib in patients with advanced 

cancer, the incidence of ALT > 3× ULN among 2080 patients was 20% (11% ALT > 5× 

ULN).21 Rechallenge with pazopanib was attempted in 103 of these patients, of whom 

60% did not develop recurrence of liver function alteration. In this study, like in ours, 

more severe first ALT elevation (ALT > 8–20× ULN) was associated with higher risk of 

recurrence. The safety of resuming immunotherapy agents after severe immune-related AEs 

(irAEs) was also evaluated in a retrospective study of 80 patients treated with combination 

immune checkpoint blockade.22 In this study, patients were rechallenged with anti-PD-1 

therapy, with an irAE recurrence rate of 18%. Interestingly, the risk of recurrence was higher 

in patients with immune-related hepatitis (17%, 5/29 patients) compared with colitis (6%, 

2/33 patients). Our findings are similar to these examples and highlight that therapeutic 

rechallenge is indeed possible.

This study has limitations. First, it is an analysis at a single site that includes patients treated 

with a variety of drugs in phase I trials. Thus, the clinical implications of our findings in 

a rapidly evolving landscape in drug development must be taken with precaution. Second, 

we did not apply scoring instruments for the causality of DILI, such as the Roussel Uclaf 

Causality Assessment Method. However, the causality assessment in our study was based 

on prospective NCI CTCAE grading, and there is consensus that expert opinion remains 

the gold standard over standardized scoring instruments for this purpose.23 Third, we could 

not evaluate the performance of predictive models such as Hs’ law due to insufficient 

events, although this argues in favor of the safety of modern phase I trials in terms of liver 

toxicity. Fourth, given the small sample size, we could not assess the contribution of other 

clinicopathologic factors in the model of DILI occurrence and recurrence after rechallenge. 

Finally, we did not include relevant pharmacogenomic factors, such as HLA haplotype in 

our analysis.24

In conclusion, DILI occurs in approximately 5% of patients included in modern phase 

I oncology trials, and the risk of drug-related liver failure appears low in this cohort. 

While our findings support the feasibility of drug rechallenge after DILI, the risk of its 

recurrence is high, and several unanswered questions remain on the optimal patient and 

situation to consider a rechallenge. Further collaborative research is needed on potential 

predictive models for DILI recurrence to better select rechallenge candidates. Meanwhile, 

a careful decision must be made prior to proceeding with rechallenge in this setting, with 

consideration of available toxicity data of the study drug, other treatment alternatives, and 

discussion with the patient about the risk/benefit ratio.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Consort diagram.
ADC = antibody-drug conjugate; DILI = drug-induced liver injury; IO = immunotherapy 

TKI = tyrosine kinase inhibitor; TT = targeted therapy.
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Figure 2. Time to drug-induced liver injury (n=81).
IO = immunotherapy; TT = targeted therapy.
a Dashed line represents 4-week mark, which is frequently considered the dose-limiting 

period in phase I trials.17
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Figure 3. Characteristics and outcomes in patients who underwent a rechallenge with the study 
drug.
Outcomes include recurrence of DILI and continue study drug after rechallenge for more 

than 3 months. A) Targeted therapy cohort B) Immunotherapy cohort C) Combination of 

different classes cohort.

ALP = alkaline phosphatase; ALT= alanine aminotransferase; IC = immune checkpoint; IO 

= immunotherapy; m = months; DILI = drug-induced liver injury; TBL = total bilirubin; 

TKI= tyrosine kinase inhibitor; TT = targeted therapy.
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Table 1.

Baseline characteristics

Non-DILI cohort
(n=1589) (%)

DILI Cohort
(n=81) (%)

P value

Median age, years (range) 60.3 (15–90) 59.8 (19–81) 0.9

Sex 0.6

 Male 725 (46) 34 (42)

 Female 864 (54) 47 (58)

Type of neoplasms NA

 Gastrointestinal 343 (22) 16 (20)

 Lung Cancer 257 (16) 12 (15)

 Gynecologic 229 (14) 18 (22)

 Breast Cancer 157 (10) 6 (7)

 Hematologic 90 (6) 4 (5)

 Genitourinary 152 (10) 11 (14)

 Other 361 (23) 14 (17)

Type of treatment 0.9

 Targeted therapy 672 (42) 35 (43)

 Immunotherapy 795 (50) 42 (52)

 Cytotoxic 44 (3) 2 (3)

 Other 12 (1) 0

 Combination of classes 66 (4) 2 (3)

DILI, drug-induced liver injury; NA, not applicable; y, years.
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Table 2.

Characteristics patients with and without drug rechallenge after DILI

Rechallenge with study drug

Yes
n=36 (%)

No
n=45 (%)

P value

Median age, years (range) 60.1 (19–78) 59.6 (31–81) 0.8

Sex

 Male 16 (44) 18 (40) 0.9

 Female 20 (56) 27 (60)

Type of treatment

 Targeted therapy 17 (47) 18 (40) 0.9

 Immunotherapy 17 (47) 25 (56)

 Cytotoxic 1 (3) 1 (2)

 Combination of classes 1 (3) 1 (2)

DILI criteria

 ALT> 5x ULN 29 (81) 32 (71) 0.5

 ALP> 2x ULN 11 (31) 21 (47) 0.2

 ALT> 3x ULN/TBL> 2x ULN 1 (3) 3 (7) 0.6

Median LFTs at DILI diagnosis

 AST 147 185 0.5

 ALT 245 214 0.5

 ALP 146 210 0.2

 Total bilirubin 0.65 0.6 0.4

Median LFTs at peak

 AST 172 201 0.2

 ALT 298 306 0.7

 ALP 176 271 0.06

 Total bilirubin 0.9 0.9 0.6

Treatment for DILI

 Corticosteroids 22 (61) 23 (51) 0.5

 Mycophenolate 1 (3) 9 (20) 0.037

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DILI, drug-induced liver injury; LFT, liver function 
test; ULN, upper limit of normal; y, years.
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Table 3.

Univariate logistic regression analysis of DILI development and DILI recurrence after rechallenge.

DILI development

Covariate OR 95% CI P value

Age 1.00 0.98 to 1.01 0.7

Female Sex 1.16 0.74 to 1.84 0.5

Type of treatment 0.8

 Targeted therapy Ref.

 Immunotherapy 1.01 0.64 to 1.61

 Combination of classes 0.58 0.09 to 1.97

 Other 0.69 0.11 to 2.33

DILI recurrence after Rechallenge

Covariate OR 95% CI P value

Age 1.01 0.96 to 1.07 0.6

Female sex 0.73 0.16 to 3.24 0.7

ALT> 5x ULN 2.70 0.38 to 54.9 0.3

ALP> 2x ULN 0.47 0.06 to 2.40 0.4

ALT peak 1.04 1.00 to 1.09 0.035

ALP peak 0.99 0.93 to 1.06 0.8

Total bilirubin peak 1.75 0.48 to 6.61 0.4

ALP, alkaline phosphatase; ALT, alanine aminotransferase; DILI, drug-induced liver injury; OR, odds ratio; ULN, upper limit of normal; Ref, 
reference.
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