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CDK4/6 inhibitor-induced liver injury: Clinical phenotypes
and role of corticosteroid treatment
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Background & Aims: Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors are the cornerstone of systemic therapy for patients with
hormone receptor-positive, HER2-negative (HR+/HER2-) metastatic breast cancer. In the various therapeutic studies with CDK4/6
inhibitors, elevations in liver tests were more frequent than in the control groups. The mechanism of CDK4/6 inhibitor-induced liver
toxicity is not well understood; moreover, natural history and appropriate management are poorly described.

Methods: We conducted a retrospective study, collecting cases of CDK4/6 hepatitis from the REFHEPS (Réseau Francophone
pour l’étude de l’HEpatotoxicité des Produits de Santé) database.

Results: In this study, we report on 22 cases of hepatitis induced by CDK4/6 inhibitors (ribociclib, n = 19 and abemaciclib, n = 3).
According to the CTCAE classification, all hepatitis cases were grade 3 or 4. Twelve (54.6%) patients had a liver biopsy showing
acute centrilobular hepatitis with foci of necrosis and lymphocytic infiltrate. Nine (40.9%) patients were treated with corticosteroids
for resolution of hepatitis. In three cases, another CDK4/6 inhibitor could be resumed after resolution of the hepatitis
without recurrence.

Conclusions: CDK4/6 inhibitor-induced hepatitis is poorly described in the literature but there are several arguments pointing out
that these drugs should be included in the DI-ALH (drug-induced autoimmune-like hepatitis) category.

© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors and endocrine
therapy are the cornerstone of systemic therapy for patients
with hormone receptor-positive (HR+) and human epidermal
growth factor receptor-2-negative (HER2-) metastatic breast
cancer. The Cyclin D-CDK4/6 protein complex effectively in-
hibits the Rb protein through phosphorylation allowing the
progression of the cellular cycle from G1 to S phase. The in-
hibition of CDK4/6 activity stops cell division, thus CDK4/6
inhibitors prevent cancer cells from replicating. To date, three
such molecules have been approved in the metastatic setting:
palbociclib, ribociclib, and abemaciclib. The most common
adverse effects are neutropenia for palbociclib and ribociclib
and gastrointestinal toxicity for abemaciclib. In the various
therapeutic studies with CDK4/6 inhibitors, elevations in
liver tests were more frequent than in the control groups.
For example, in the MONALEESA-2, MONALEESA-3 and
MONALEESA-7 trials, 5 to 9.4% of patients treated with ribo-
ciclib experienced a grade 3 or 4 increase in serum alanine
aminotransferase (ALT), according to CTCAE version 4.03,
compared to 0.4 to 1.2% of patients in the control arm.1 In the
MONARCH-2 and MONARCH-3 trials, grade 3/4 ALT increase
also occurred in more patients treated with abemaciclib (4.1-
6.4%) compared to the control group (1.8-1.9%).2,3 However,
data from the PALOMA-2 and PALOMA-3 studies suggested
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that palbociclib was associated with slightly less frequent and
less severe ALT elevations.4,5 No cases of CDK4/6 inhibitor-
related acute liver injury or liver-related death have been re-
ported in these trials. In these studies, in the case of increased
transaminases, CDK4/6 inhibitors were discontinued and
resumed after liver test decreases (at reduced doses).

CDK4/6 inhibitors share different chemical and pharmaco-
kinetic characteristics, including metabolism mediated by
CYP3A4 (with the production of intermediate active metabo-
lites, potentially leading to drug-drug interactions), and biliary
clearance as the main elimination pathway. The mechanism of
CDK4/6 inhibitor-induced liver toxicity is currently not known;
moreover, natural history and appropriate management are
poorly described.

The aim of the current study was to describe the clinical and
biochemical features of CDK4/6-induced liver injury, its course
and management.
Materials and methods

Study population

The Réseau Francophone pour l’étude de l’HEpatotoxicité des
Produits de Santé (REFHEPS) is a French-speaking network for
the study of the hepatotoxicity of health products created in
January 2022. Each case is adjudicated by the REFHEPS
e; Tel.: 04 67 33 02 24.
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Table 1. Characteristics of all patients with anti-CDK4/6-induced liver injury.

Characteristics Anti-CDK4/6-induced
liver injury, n = 22

Age, years, mean (±SD) (min-max) 60.2 (13.8) (41-83)
Gender, n (%)
Female 22 (100)

CDK4/6 inhibitor, n (%)
Ribociclib 19 (86.4)
Abemaciclib 3 (13.6)

Liver metastasis, n (%) 5 (22.7)
Hormonal treatment, n (%)
Letrozole 6 (27.3)
Letrozole/decapeptyl 4 (18.2)
Letrozole/enantone 3 (13.6)
Letrozole/gosereline 1 (4.5)
Anastrozole 2 (9.1)
Examestane 1 (4.5)
Fulvestrant 4 (18.2)

Time anti-CDK4/6 - DILI (days), mean (SD)
(min-max)

104.7 (110.9) (55.5-153.8)

Clinical presentation, n (%)
Asymptomatic 18 (81.8)
Nausea/asthenia 3 (13.6)
Pruritus 1 (4.5)

Autoimmune features, n (%)
No 15 (68.2)
ANA >−1/80 5 (22.7)
AAN 1/160 - Anti-mitochondrial anti-
bodies 1/320 - IgG > N

1 (4.5)

IgG > N 1 (4.5)
Liver biopsy, n (%) 12 (54.5)
Time onset DILI - liver biopsy, days, mean
(SD) (min-max)

44.1 (30.6) (8-126)

Hepatitis pattern, n (%)
Hepatocellular 21 (95.5)
Mixed 1 (4.5)

Biology at the onset of hepatitis, mean (SD) (min-max)
AST (IU/L) 341.3 (350) (34-1201)
ALT (IU/L) 562.7 (654.6) (59-2,523)
ALP (IU/L) 123.3 (58.5) (57-330)
GGT (IU/L) 89.5 (78.2) (17-336)
Total bilirubin (lmol/L) 11.7 (5.8) (4.5-25)

Biology at the peak of hepatitis, mean (SD) (min-max)
AST (IU/L) 538.1 (346.7) (140-1443)
ALT (IU/L) 840.7 (605.5) (200-2,523)
ALP (IU/L) 154.9 (85.1) (80-423)

Corticosteroids n (%)
No 13 (59.1)
Yes 9 (40.9)

Corticosteroids duration, days, mean (SD)
(min-max)

60.0 (30.57) (15-103)

Improvement time, days, mean (SD) (min-
max)

73.5 (54.2) (5-221)

CTCAE grade n (%)
3/4 14 (63.6)/8 (36.4)

Severity (EWG grade), n (%)
1 (mild) 18 (81.8)
2 (moderate) 3 (13.6)
3 (severe) 1 (4.6)

RUCAM score 6.64 (1.62)
Causality scale, n (%)
Highly probable 7 (31.8)
Probable 10 (45.5)
Possible 5 (22.7)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; DILI, drug-induced liver injury; GGT, gamma-glutamyltransferase.

CDK4/6 inhibitor-induced liver injury
committee, composed of five French and Belgian hepatologists
with expertise in drug-induced liver injury (DILI).

The network uses a platform that allows all registered
physicians to report a case of hepatotoxicity or request a
diagnostic opinion or help with management.

All patients assessed by the REFHEPS network between
January 1st 2022 and August 31st 2023 were evaluated and
patients with CDK4/6 inhibitor-related liver toxicity were
included in this study.

Hepatotoxicity definition

Liver injury was defined as serum ALT or aspartate amino-
transferase (AST) >−5x the upper limit of normal (ULN) and/or
serum alkaline phosphatase (ALP) >−2x the ULN or total bilirubin
>−2x the ULN associated with ALTx3 ULN according to the
baseline value at initiation of the drug.6 Type of liver injury
was categorized by R ratios, using initial values of ALT
divided by ALP, both expressed as ratios to the ULN: ALT/ULN
÷ ALP/ULN. R ratio >5 was categorized as hepatocellular, 2-5
as mixed and <2 as cholestatic.6,7 Recovery was defined by
complete normalization of liver tests.

Causality assessment of liver injury

A complete etiological work-up was performed in all patients
including: viral hepatitis serologies (HAV, HBV, HCV, HEV),
EBV, CMV, VZV, HSV, auto-antibodies, IgG level, liver imaging.
Liver biopsy was performed at the discretion of the referring
physician. Other specific causes of liver enzyme elevations
were excluded.

The Roussel-Uclaf causality assessment (RUCAM) method8

was used to assess causality, and the DILI network9 score and
CTCAE v510 were used to assess the severity of liver injury.

Statistical analysis

Descriptive statistics are presented as medians (ranges) for
quantitative variables and counts (percentages) for qualitative
variables. The Wilcoxon rank sum test was applied to compare
the distribution of continuous variables and Chi-squared test
(or Fisher’s exact test when appropriate) was used to test the
association of categorical variables. A p value <0.05 was
considered statistically significant and all statistical tests were
two-sided. We used the Kaplan-Meier method to estimate
survival probabilities from ’date of biological onset of DILI (V1)’
to ’date of recovery’ and their point-wise 95% CIs.

Statistical analysis was performed using EasyMedStat
(version 3.28). This study was approved by an ethic committee,
IRB number: 198711.

Results
Between January 1st 2022 and August 31st 2023, 192 sus-
pected DILI cases were submitted to and discussed within the
REFHEPS network. Among them, 22 patients were treated with
CDK4/6 inhibitors: 20 patients collected prospectively, and two
patients collected retrospectively after reporting to REFHEPS.
They were all women of median age 60 years (IQR 47.5–73.25)
being treated for metastatic (n = 21) or locally advanced (n = 1)
HR+/HER2-breast cancer (Table 1). Five patients had liver
metastases. Ribociclib was involved in 19 cases and abema-
ciclib in three. Eighteen patients were treated with ribociclib
JHEP Reports, July 20
600 mg daily, whereas one patient was treated with 200 mg
daily due to renal impairment. The three patients treated with
abemaciclib received 300 mg daily (optimal dose). No
24. vol. 6 j 101098 2
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significant clinical difference was observed between patients
treated with abemaciclib and patients treated with ribociclib
(Table S1). Patients also received concomitant endocrine
therapy, mainly letrozole (n = 14), alone or in combination with
triptorelin, leuprorelin or goserelin. Three patients were also
taking herbal and dietary supplements (Chaga mushrooms and
gemmotherapy, turmeric powder and unspecified phytother-
apy); however, the causality assessment of these products did
not make them a likely or a possible cause. The median time
from the introduction of CDK4/6 inhibitors to hepatitis occur-
rence was 73 days (IQR 41.5–107.75) (Fig. S1). All patients
underwent liver imaging (ultrasound, CT scan or MRI), and no
biliary abnormalities or tumor progression (in the case of pre-
viously known liver metastases) were found. Viral serologies
were negative in all patients. These parameters were either not
present or not tested before initiation of anti-CDK4/6 therapy.
In all cases, CDK4/6 inhibitors were permanently discontinued
due to the liver injury.

Characteristics of hepatitis

Most of the patients were asymptomatic. Two patients were
jaundiced and were admitted to hospital. All patients but one
had a hepatocellular biological profile. Only one had a mixed
pattern. The median peak was 717.5 IU/L (IQR 421.75–954.0)
for ALT and 119.5 IU/L (IQR 106.25–157.25) for ALP.

Seven of 22 patients had autoimmune features: anti-nuclear
antibodies (n = 5), anti-mitochondrial antibodies (n = 1) or
increased IgG level (n = 2).

RUCAM scores were as follows: possible3–5 in five (22.7%)
cases, probable6–8 in 10 (45.5%) cases and highly probable (>8)
in seven (31.8%) cases. In one case, the RUCAM score was
only 3 (possible) because pembrolizumab was used concomi-
tantly, but CDK4/6 inhibitor-induced liver injury was consid-
ered probable.

Twelve (54.6%) patients had a liver biopsy within 44.1 ± 30.6
days from the onset of hepatitis. Liver biopsies were uninter-
pretable in two patients because of insufficient sampling. Other
biopsies showed acute centrilobular hepatitis with foci of ne-
crosis and lymphocytic infiltrate (Fig. 1). Biopsy characteristics
are shown in Table 2.

According to the CTCAE classification, all patients exhibited
grade 3 or 4 hepatitis. According to the DILI network severity
classification, liver injury was classified as follows: mild in 18
A B

Fig. 1. Liver biopsy from patient with CD4/6-induced hepatitis. (A) Portal
inflammation with periportal activity and hepatocellular loss. Inflammatory cells
are represented by lymphocytes and a few plasma cells (HES x400). (B) Cen-
trilobular confluent necrosis with detersion and hemorrhagic suffusions. Presence
of lymphocytes at the interface with mediolobular hepatocytes (HES x400). T
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CDK4/6 inhibitor-induced liver injury
patients (81.8%), moderate in three patients (13.6%) and se-
vere in one patient (4.6%). There were no hepatitis-related
deaths. In the case of the severe hepatitis leading to the hos-
pitalization of the patient, the concomitant use of pem-
brolizumab and ribociclib may explain the severity of the
disease. The recovery rate was 62.9% (95% CI 39.2-79.5) at
day 45 and 39.2% (95% CI 17.8-60.2) at day 91, respec-
tively (Fig. S2).

In five patients, anti-cancer therapy was resumed,
including three patients treated with a CDK4/6 inhibitor (abe-
maciclib n = 2 and palbociclib n = 1), with follow-up between 72
and 212 days without hepatitis recurrence. When resuming
treatment, a different CDK4/6 inhibitor was used from the one
involved in hepatitis.
Effect of corticosteroid treatment

Nine (40.9%) patients were treated with corticosteroids, at a
starting dose of 1 mg/kg in six patients and 0.5 mg/kg in three
patients with a stepwise decrease to discontinuation. The de-
cision to start steroids was made by the patient’s oncologist or
hepatologist, mainly in case of no improvement after discon-
tinuation of the anti-CDK4/6 therapy. There was no difference
in patients treated and non-treated with corticosteroids
(Table 3). However, despite the limited number of patients,
Table 3. Characteristics of the patients according to corticosteroid treatment

Characteristics Anti-CDK4/6-induced live
without corticosteroid,

Age, years, mean (SD) 61.5
Liver metastasis, n (%)
No 9 (
Yes 4 (

CDK4/6 inhibitor, n (%)
Abemaciclib 3 (
Ribociclib 10 (

Hormonal treatment, n (%)
Anastrozole 1
Exemestane 0
Fulvestrant 3 (
Letrozole 4 (
Letrozole/decapeptyl 2 (
Letrozole/enantone 1
Letrozole/gosereline 1

Time CDK4/6 - DILI, days, mean (SD) 114.2
Autoimmune features, n (%)
No 10 (
ANA >−1/80 1
ANA 1/160; AMA 1/320; IgG >N 1
IgG >N 1

Liver biopsy, n (%)
Yes 5 (
No 8 (

AST peak (IU/L), mean (SD) 508.9 (
ALT peak (IU/L), mean (SD) 672.4 (
ALP peak (IU/L), mean (SD) 174.2 (
Improvement time, days, mean (SD) 49.4
Severity (EWG grade), n (%)
1 (mild) 11 (
2 (moderate) 2 (
3 (severe) 0

CTCAE grade
3 9 (6
4 4 (3

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMA, anti-mitochondrial antib
liver injury.
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there was a trend for higher ALT levels (p = 0.08) and more liver
biopsies (p = 0.09) in the corticosteroid-treated group. The
median time from onset of liver injury to corticosteroid treat-
ment initiation was 38 days (IQR 19–49). The median duration
of steroid treatment was 70 days (IQR 36.0–77.5). The median
time from the start of corticosteroid treatment to normalization
of liver enzymes was 48 days (IQR 32.8–92.8) (Fig. 2). There
was no significant difference in time to improvement between
patients with autoimmune features compared to the others
(83.1 (±61.1) vs. 52.7 (±29.2) days, p = 0.267). There was no
recurrence of hepatitis when steroid administration was
stopped, although one patient showed an increase in liver tests
when steroids were reduced (secondary corticosteroid
responder). Hepatitis improvement was significantly slower in
patients treated with corticosteroids compared to non-treated
patients (106.62 (±54.75) vs. 49.36 (±40.74); p = 0.009)
(Table 3, Fig. 3). The progression of ALT elevations in all pa-
tients treated with corticosteroids is shown in Fig. 3. In the case
of patient 7, who had a secondary increase in liver tests,
corticosteroids were initially reduced more quickly.

Discussion
In the current study, we report the analysis of 22 cases of
CDK4/6 inhibitor-induced liver injury. To date, only a few
.

r injury
n = 13

Anti-CDK4/6-induced liver injury
with corticosteroid, n = 9

p value

(±14.9) 58.3 (±12.6) 0.48
0.36

69.2%) 8 (88.9%)
30.8%) 1 (11.1%)

0.24
23.1%) 0 (0.0%)
76.9%) 9 (100.0%)

0.92
(7.7%) 1 (11.1%)
(0.0%) 1 (11.1%)
23.1%) 1 (11.1%)
30.8%) 2 (22.2%)
15.4%) 2 (22.2%)
(7.7%) 2 (22.2%)
(7.7%) 0 (0.0%)
(±141) 91.0 (±45.8) 0.30

0.27
76.9%) 5 (55.6%)
(7.7%) 4 (44.4%)
(7.7%) 0 (0.0%)
(7.7%) 0 (0.0%)

0.09
38.5%) 7 (77.8%)
61.5%) 2 (22.2%)
±352.0) 585.62 (±356.2) 0.37
±488.7) 1,083.8 (±701.3) 0.08
±104.5) 126.9 (±33.4) 0.48
(±40.7) 106.6 (±54.8) 0.01

0.74
84.6%) 7 (77.8%)
15.4%) 1 (11.1%)
(0.0 %) 1 (11.1%)

0.66
9.23%) 5 (55.56%)
0.77%) 4 (44.44%)

ody; ANA, anti-nuclear antibody; AST, aspartate aminotransferase; DILI, drug-induced
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CDK4/6 inhibitor-induced liver injury
individual cases11–13 have been published as well as a single
series of six patients with rechallenge with another CDK4/6
inhibitor after hepatitis.14

Similarly to the available data in the literature, ribociclib
followed by abemaciclib are the two CDK4/6 inhibitors mainly
involved in our cohort. Palbociclib-induced liver injury has been
reported in only one published case.15

In the present study, the predominant type of liver injury was
hepatocellular and 32% of patients had autoimmune features,
such as positive anti-nuclear antibodies and/or elevated serum
IgG levels at the time of diagnosis.

A corticosteroid treatment was initiated in 40% of patients,
independently of the presence of autoimmune features.
Finnsdottir S et al., described for the first time in 2021 the
benefits of corticosteroids in the treatment of ribociclib-induced
hepatitis.11 In our study, patients treated with corticosteroids
had a slower improvement than untreated patients. Cortico-
steroids allowed for the resolution of liver injury that had not
improved spontaneously.

Recently, the International Autoimmune Hepatitis Group
(IAIHG) and the Drug and Herbal & Dietary Supplement-
induced Liver Injury consortium (EASL DHILI) have devel-
oped recommendations for the diagnosis, description and
management of drug-induced autoimmune-like hepatitis (DI-
ALH).16 CDK4/6 inhibitors are not listed in these recommen-
dations but there are several arguments that could point out
that these drugs should be included in the DI-ALH category.
Indeed, evidence of autoimmunity was found in one-third of
patients, although not all were tested for it. Histopathological
findings revealed by liver biopsy and biological phenotype of
liver injury are also consistent with this mechanism. The
response to corticosteroids and the absence of recurrence of
hepatitis after corticosteroid discontinuation is an additional
argument. A parallel can be established with infliximab-
JHEP Reports, July 20
induced hepatitis, where corticosteroids are also adminis-
tered in the absence of spontaneous recovery, whatever the
autoimmune background.17

As already reported in the literature,12,14,18 there seems to
be no class effect in anti-CDK4/6 rechallenge after hepatitis. In
our series, three patients resumed an CDK4/6 inhibitor after
resolution of liver injury, using another CDK4/6 inhibitor (pal-
bociclib or abemaciclib) without relapse. In this series, no pa-
tient experienced fulminant hepatitis or death secondary to
anti-CDK4/6-induced liver damage. According to our results,
regular and extended monitoring of liver tests should be carried
out in patients treated with anti-CDK4/6. In case of hepatitis
grade 3 or 4, treatment should be discontinued. Corticosteroids
should be discussed in the absence of spontaneous improve-
ment. In our series, corticosteroids were started about 1 month
after the onset of hepatitis. We acknowledge some limitations
to these results: the number of patients is limited, and man-
agement is heterogeneous, particularly as regards the indica-
tion for liver biopsy and corticosteroids.

In conclusion, CDK4/6 inhibitors are mostly responsible for
asymptomatic hepatocellular liver injury, associated with the
presence of autoantibodies in up to one-third of cases.

Our findings suggest that in cases where there is no
improvement in liver injury following the withdrawal of CDK4/6
inhibitors, corticosteroid therapy may potentially aid in the re-
covery process, although further studies are needed to
confirm this.

Furthermore, in patients with a history of anti-CDK4/6-
induced liver injury, exposure to another CDK4/6 inhibitor
does not seem to be associated with hepatitis relapse, sug-
gesting the absence of cross-direct hepatotoxicity or the
development of an adaptation to this drug family. Nevertheless,
we suggest frequent monitoring of liver function tests in case of
resumption of another CDK4/6 after hepatitis.
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