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Abstract
Purpose  The liver is critically involved in drug metabolism pathways and the potential for hepatic toxicity is significant 
with specific cancer therapeutics. Variations in the definition of liver function thresholds that may generate heterogeneity of 
toxicity and efficacy outcomes across therapeutics trials in cancer require assessment.
Methods  A random sample of therapeutic trials in cancer (n = 500, general category), trials using hepatotoxic drugs (abira-
terone, pazopanib: n = 181), trials using drugs metabolized by the liver (doxorubicin, vincristine: n = 606), and therapeutic 
trials in hepatic dysfunction (n = 49) were each identified on clinicaltrials.gov. Definitions of liver function thresholds and 
their distribution were collated and categorized in each group.
Results  A third of all trials listed on clinicaltrials.gov across the four categories failed to provide an explicit definition of 
liver function. Among trials with an explicit definition, a combination of bilirubin and transaminase levels was used in 
33–64%, whereas a miscellaneous combination of definitions (in the general category consisting of 11 unique liver func-
tion parameters creating 17 unique combinations) was used 29–58% of the time across the four categories of studies. The 
Child–Pugh or National Cancer Institute Organ Dysfunction Working Group (NCI-ODWG) criteria were rarely employed 
(0–12% studies). Allowance for Gilbert’s disease in bilirubin thresholds was identified in only 6–23% studies and for liver 
metastases in 2–15% of studies.
Conclusions  There is a marked heterogeneity in the liver function definitions used across cancer clinical trials even when 
the potential for drug toxicity and altered drug metabolism is significant. Harmonization of criteria will streamline eligibility 
and mitigate variations in key outcomes across trials.
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Introduction

Unlike the kidney, the liver lacks evidence-based guidelines 
for the definition of hepatic function suitable for applica-
tion to the large range of drugs that are either hepatotoxic 
or whose toxicity is defined by liver metabolism. Two very 
commonly used liver tests, bilirubin or transaminase levels, 
are not direct estimates of hepatic synthetic or excretory 
function [1]. There have been attempts to consolidate dif-
ferent liver function tests to assess hepatic impairment. The 
Child–Pugh classification consists of five clinical features, 
encephalopathy, ascites, bilirubin, albumin, and international 
normalized ratio. Each feature is rated one to three points, 
with three being the most severe, which contributes to an 
overall score. While FDA guidance in 2003 recommends 
the use of Child–Pugh to grade hepatic function in phase 1 
clinical trials [2], there are limitations when applying this 
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metric to cancer therapeutics. Child–Pugh partly relies on 
two subjective measurements (the presence of ascites and 
encephalopathy), which could introduce misclassification. 
In addition, the Child–Pugh classification has not been 
validated with respect to elimination of drugs metabolized 
by the liver in the setting of cancer. In 2004, the National 
Cancer Institute Organ Dysfunction Group (NCI-ODWG) 
developed criteria to characterize liver dysfunction using 
four categories of severity based on degrees of elevation 
of total bilirubin and serum aspartate aminotransferase [3]. 
The CTEP (Cancer Therapy Evaluation Program) has rec-
ommended adoption of the NCI-ODWG criteria in organ 
dysfunction studies in cancer [4].

With the premise that variations in liver function thresh-
olds carry the risk of generating imbalances in the observed 
toxicities and efficacy across clinical studies of individual 
therapeutic agents, we assessed the current practice of defin-
ing liver function thresholds in a sample of contemporary 
cancer clinical trials. We additionally characterized how 
liver function is defined in subgroups of trials featuring 
agents that were potentially hepatotoxic, agents whose tox-
icity is critically influenced by hepatic clearance, or thera-
peutic studies in the setting of hepatic dysfunction.

Methods

To identify a set of cancer clinical trials for descriptive 
analysis (Supplementary Fig. 1), we used the search term 
“cancer” among the 19,826 active, recruiting, and therapeu-
tic clinical trials registered in clinicaltrials.gov (accessed 
6/5/2018). In a pilot phase, we randomly sampled 100 stud-
ies to create a classification scheme for how liver function 
is most commonly described. The seven-category classi-
fication scheme was: transaminase alone, bilirubin alone, 
a composite of transaminase and bilirubin, Child–Pugh, 

“adequate organ function,” Other definitions and no defini-
tion reported. For the primary analysis of describing liver 
function classification in cancer clinical trials in the general 
category, a sample of 500 was drawn from the 19,826 trials 
meeting search criteria. To identify studies with hepatotoxic 
drugs, the search strategy of “pazopanib” or “abiraterone” 
and “cancer” was applied (181 trials identified). For stud-
ies of agents critically metabolized by the liver, the search 
terms “vincristine” or “doxorubicin” were employed (606 
trials identified). Therapeutic studies in cancer and hepatic 
dysfunction were similarly identified (49 trials). For each 
category of trial, the number and proportion of studies that 
provided an explicit liver function threshold were tabulated.

Results

Among the random sample of 500 clinical trials in cancer 
listed on clinicaltrials.gov, 38% (n = 191) either did not offer 
a liver function definition or listed a non-specific definition 
of “adequate organ function” as an eligibility criterion. The 
number of studies that listed either “adequate organ func-
tion” or no definition of liver function in the protocol was 
36% (n = 65) for trials of hepatotoxic drugs, 38% (n = 233) 
for trials of drugs metabolized by the liver, and 33% (n = 16) 
for trials of patients with hepatic dysfunction.

As displayed in Table 1, among the cancer clinical trials 
that provided a liver function definition, 64% (N = 199) used 
a combination of bilirubin and transaminase levels to define 
liver function, and 29% (n = 89) used other definitions. The 
other definition group consisted of as many as 17 unique 
liver function parameters creating 11 unique combinations 
of definitions. (Supplementary Fig. 2). Forty-five percent 
(n = 52) of clinical trials with hepatotoxic drugs that reported 
definitions used bilirubin and transaminase levels, and 54% 
(n = 63) used other definitions. For the clinical trials that 

Table 1   Table showing the proportion of liver function definitions among cancer clinical trials that provided definitions

Clinical trials failed to provide an explicit definition were excluded

Criteria Bilirubin 
alone, % (n)

Transaminase 
alone, % (n)

Bilirubin and 
transaminase, % (n)

Other defini-
tions, % (n)

Child–Pugh, % (n) NCI-
ODWG, 
% (n)

Trial category
 General category (n = 309) 3% (9) 3% (8) 64% (199) 29% (89) 1% (4) 0% (0)
 Hepatotoxic agents (n = 116) 0% (0) 1% (1) 45% (52) 54% (63) 0% (0) 0% (0)
  Abiraterone (n = 64) 0% (0) 2% (1) 40% (26) 58% (37) 0% (0) 0% (0)
  Pazopanib (n = 52) 0% (0) 0% (0) 50% (26) 50% (26) 0% (0) 0% (0)

 Liver metabolized (n = 373) 14% (54) 2% (9) 56% (207) 26% (97) 2% (6) 0% (0)
  Vincristine (n = 189) 17% (33) 2% (3) 65% (123) 15% (30) 0% (0) 0% (0)
  Doxorubicin (n = 184) 11% (21) 3% (6) 46% (84) 36% (67) 4% (6) 0% (0)

 Hepatic dysfunction (n = 33) 3% (1) 0% (0) 33% (11) 45% (15) 12% (4) 6% (2)
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involved drugs metabolized by the liver and listed a defini-
tion, the transaminase and bilirubin composite definition was 
used in 56% of studies (n = 207), whereas other definitions 
were employed in 26% (n = 97). In the setting of hepatic 
dysfunction, 33% of trials (n = 11) used transaminase and 
bilirubin thresholds, whereas other definitions were utilized 
in as many as 52% of studies (n = 17).

We found that the numerical thresholds for total biliru-
bin across all four categories of clinical trials had a wide 
distribution, with the most common threshold 1.5 times the 
upper limit of normal (ULN) (Fig. 1a). Among the trials that 
specified a 1.5 × ULN numerical threshold for total biliru-
bin, there was also a wide distribution of AST numerical 
thresholds (Fig. 1b).

Very few trials accounted for patient exclusion for 
elevated bilirubin from Gilbert’s disease or elevated 
transaminases from liver metastases. Gilbert’s disease 
was accounted for in 13% (n = 65) of studies in the gen-
eral category, 23% (n = 42) of the trials using hepatotoxic 
drugs, 13% (n = 83) of the trials using drugs metabolized 
by the liver, and 6% (n = 3) of the trials in the setting of 
hepatic dysfunction. The presence of liver metastases was 
integrated into eligibility of clinical trials in the general 
category in 15% (n = 74) of 500 cancer clinical trials, 13% 
(n = 24) of the trials using hepatotoxic drugs, 13% (n = 81) 
of the trials using drugs metabolized by the liver, and 2% 
(n = 1) of the trials in the setting of hepatic dysfunction.

Fig. 1   a Distribution of the 
exclusion criteria for the 
numerical thresholds of total 
bilirubin across three levels of 
hepatic dysfunction as denoted 
by the NCI-ODWG and in all 
four categories of clinical trials. 
b Distribution of exclusion 
criteria for AST numerical 
thresholds for clinical trials that 
specified 1.5 × ULN for total 
bilirubin as an exclusion criteria
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Discussion

Our data indicate that there is marked qualitative and quanti-
tative variation in the definitions of liver function thresholds 
in cancer clinical trials. Less than 1% of contemporary clini-
cal trials use the NCI-ODWG criteria for defining liver func-
tion. The most commonly used liver function threshold defi-
nition was a composite of bilirubin and transaminase levels 
without a consistent numerical threshold, indicating another 
level of heterogeneity among these definitions. A significant 
percentage of studies used miscellaneous composites of dif-
ferent liver function tests even with agents with potential for 
liver toxicity, agents whose metabolic fate could determine 
liver toxicity, or indeed in the setting of liver dysfunction. 
The wide variation in how liver function thresholds are cur-
rently defined has the potential to generate heterogeneous 
toxicity and efficacy data within trials of the same agent 
or in cross-trial comparisons between different agents with 
hepatotoxic potential. These problems are compounded by 
the fact that in up to a third of these trials listed on clinical-
trials.gov, no formal definition of liver function thresholds 
is provided.

There are two criteria endorsed by professional groups to 
assess hepatic dysfunction: the Child–Pugh, and the NCI-
ODWG [5]. The NCI-ODWG uses readily available, objec-
tive biochemical data that has clear numerical thresholds, 
which provides several advantages over the Child–Pugh. 
There are, however, disadvantages to the NCI-ODWG cri-
teria as well. The NCI-ODWG criteria specify that mild 
hepatic dysfunction is defined as total bilirubin levels greater 
than the upper limit of normal, or AST levels greater than 
the upper limit of normal. The moderate, and severe hepatic 
dysfunction levels are then defined as greater than 1.5 times 
the upper limit of normal for total bilirubin, and 3 times 
the upper limit of normal, respectively, with any concurrent 
AST level. This shows a heavy reliance on total bilirubin 
levels to define the metabolic capability of the liver, which 
is an oversimplification. This is especially concerning when 
the majority of trials in our study did not consider Gilbert’s 
disease, which is present in as much as 6% of the general 
population, for elevations of bilirubin. A similar minority 
of clinical trial designs accounted for the impact of liver 
metastases on acceptable liver function thresholds.

Our data indicate that the Child–Pugh criteria or NCI-
ODWG criteria are rarely employed to define liver function 
thresholds. Investigators may not see the value of these com-
binatorial indices given the lack of validated data to establish 

their use for this purpose. Both recommended guidelines 
have limitations in their abilities to estimate liver metabolic 
function. This does not, however, negate the importance of 
harmonization. While there is a compelling need for an evi-
dence-based, practical, and accurate method to define liver 
function thresholds, the usage of NCI-ODWG criteria as a 
starting point across clinical trials, as recommended by the 
CTEP, may allow for harmonization of practice until better 
tools are developed. We would additionally advocate for a 
clear statement on the allowance for Gilbert’s disease and 
the impact of liver metastases on these eligibility thresholds. 
All clinical trials listed on clinicaltrials.gov should have an 
explicit definition of liver function thresholds in the interest 
of investigators and patients who are seeking solutions for 
their problems.
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