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Early Antibiotic Exposure Is Not Detrimental 
to Therapeutic Effect from Immunotherapy in 
Hepatocellular Carcinoma
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Abstract
Background and Rationale: Immune checkpoint inhibitor 
(ICI) therapy is an expanding therapeutic option for hepato-
cellular carcinoma (HCC). Antibiotics (ATB) taken prior to or 
early during ICI therapy can impact immunotherapy efficacy 
across indications; however, the effect of ATB is undefined in 
HCC. Methods: In a large international cohort of 450 ICI re-
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cipients from Europe, North America, and Asia, we catego-
rized patients according to timing of ATB focusing on expo-
sure within −30 to +30 days from ICI (early immunotherapy 
period [EIOP]). EIOP was evaluated in association with overall 
survival (OS), progression-free survival (PFS), and best radio-
logic response using RECIST 1.1 criteria. Results: Our study 
comprised mostly cirrhotic (329, 73.3%) males (355, 79.1%) 
with a Child-Turcotte Pugh class of A (332, 73.9%), receiving 
ICI after 1 therapy line (251, 55.9%) for HCC of Barcelona clin-
ic liver cancer stage C (325, 72.4%). EIOP (n = 170, 37.9%) was 
independent of baseline clinicopathologic features of HCC 
and correlated with longer PFS (6.1 vs. 3.7 months, log-rank 
p = 0.0135). EIOP+ patients had similar OS, overall response, 
and disease control rates (DCRs) compared to EIOP. The ef-
fect of EIOP persisted in landmark time analyses and in mul-
tivariable models, confirming the independent predictive 
role of EIOP in influencing PFS following adjustment for co-
variates reflective of tumor burden, liver function, and ICI 
regimen administered. In patients receiving programmed 
cell death-1 receptor/ligand inhibitors monotherapy, EIOP 
was also associated with higher DCRs (61.4% vs. 50.9%, p = 
0.0494). Conclusions: Unlike other oncological indications, 
ATB in the 30 days before or after ICI initiation is associated 
with improved benefit from immunotherapy, independent 
of disease and treatment-related features. Evaluation of the 
immune microbiologic determinants of response to ICI in 
HCC warrants further investigation.

© 2021 This is a work of the U.S. Government and is not subject to 
copyright protection in the United States. Foreign copyrights may apply. 

Published by S. Karger AG, Basel.

Introduction

Despite advancements in diagnosis and management, 
patients affected by hepatocellular carcinoma (HCC) 
have a probability of surviving 5 years after the diagnosis 
of <15%, making HCC the 4th leading cause of cancer 
deaths worldwide [1]. Challenges in its management stem 
from the high proportion of diagnoses that happen inci-
dentally at an advanced stage, when treatment with cura-
tive intent is not an available option, resulting in life-lim-
iting prognosis [2]. Cytotoxic chemotherapy has no role 
in the management of HCC and although sequential use 
of molecularly targeted therapies improves survival in ad-
vanced disease, therapeutic resistance limits long-term 
survivorship [3].

The survival plateau from locoregional and systemic 
therapies has stimulated the development of novel 
pharmacological strategies for the treatment of HCC 
and in particular the rise to prominence of immune 

checkpoint inhibitors (ICIs). Monoclonal antibodies 
against programmed cell death-1 receptor/ligand (PD-
1/PD-L1) and the cytotoxic T-cell lymphocyte-associ-
ated antigen-4 are capable of inducing tumor immune 
rejection [4]. However, inhibition of neither of these 
targets alone is sufficient to translate into significant 
survival benefit in patients with HCC [5], a finding that 
has paved the way for the development of immunother-
apy combinations such as atezolizumab and bevaci-
zumab, the only regimen associated with an improve-
ment in patient’s survival compared to standard of care 
sorafenib [6].

In view of the immune-mediated mechanism of action 
of ICI, considerable interest has been devoted to the in-
vestigation of how concomitant therapies with a potential 
immune modulatory effect might interact with the phar-
macodynamic properties of ICI, potentially modifying ef-
ficacy or enhancing toxicity in cancer patients [7]. Anti-
biotics (ATB) are known to exert profound immuno-
modulatory effects, primarily through perturbation of the 
gut microbiota [8]. Broad-spectrum ATB induce a selec-
tive pressure within the gut ecosystem that can reduce 
bacterial diversity and provide a competitive edge for spe-
cies that negatively affect response to ICI [9]. ATB-in-
duced gut dysbiosis and loss of microbial diversity have 
been shown to alter ICI efficacy and may increase the risk 
of toxicity to ICI [10]. A growing number of clinical stud-
ies have reproducibly documented the detrimental effect 
on objective response, progression-free survival (PFS), 
and overall survival (OS) from exposure to ATB either 
prior to or early during the course of ICI therapy, suggest-
ing that ATB might have a preconditioning effect on can-
cer-specific immune control [11].

While studies have been conducted to evaluate the im-
pact of ATB alongside ICI in other malignancies [12], 
clinical data documenting the relationship between ATB 
and outcome from immunotherapy are lacking in HCC, 
a disease in which the gut-liver axis is profoundly impli-
cated in the pathogenesis and progression of chronic liv-
er disease and cancer [13]. This study was designed to 
assess whether exposure and timing of ATB treatment is 
associated with radiologic response and survival in HCC 
patients treated with ICI.

Methods

Study Population
From an international consortium of 12 tertiary care referral 

centers located in Europe, the USA, and Asia, we accrued a pro-
spectively maintained cohort of HCC patients undergoing treat-
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ment with ICI between 2017 and 2019 (online suppl. Table 1; see 
www.karger.com/doi/10.1159/000519108 for all online suppl. ma-
terial). Patients’ demographics and clinical data were collected ret-
rospectively, curated, and updated at each participating center. 
Eligible patients had to fulfill the following inclusion criteria: (1) 
diagnosis of HCC made by histopathology or imaging criteria ac-
cording to the American Association for the Study of Liver Disease 

[14] and European Association for the Study of the Liver [15] 
guidelines; (2) be eligible for ICI monotherapy or combinations for 
HCC not amenable to curative or locoregional therapy following 
local multidisciplinary tumor board review; and (3) measurable 
disease according to RECIST 1.1 criteria [16] at ICI commence-
ment. At the censoring date of 20th of February 2020, the multi-
center database included 449 eligible patients.

Table 1. Clinical characteristics of the studied patient cohorts

Characteristics Overall 
(N = 449), n (%)

Non-EIOP 
(N = 279), n (%)

EIOP 
(N = 170), n (%)

χ2

Age, years
Median (range) 65 (15–89) 65 (18–89) 65 (15–87)

p = 0.8333
≥70 years 119 (26.5) 74 (26.5) 45 (26.5)

Gender
Male 355 (79.1) 223 (79.9) 132 (77.6)

p = 0.5648
Female 94 (20.9) 56 (20.1) 38 (22.4)

ECOG-PS
0 178 (39.6) 110 (39.4) 68 (40.0)

p = 0.2230*1 177 (39.4) 115 (41.2) 115 (41.2)
2 18 (4.0) 8 (2.9) 8 (2.9)
Unknown 76 (16.9) 46 (16.5) 30 (17.6)

Cirrhosis
Absent 120 (26.7) 77 (27.6) 43 (25.3)

p = 0.5929
Present 329 (73.3) 202 (72.4) 127 (74.7)

Risk factor for liver disease
Nonviral HCC 178 (39.6) 119 (42.7) 59 (34.7)

p = 0.0954
HBV and/or HCV infection 271 (60.4) 160 (57.3) 111 (65.3)

CTP class
A 332 (73.9) 209 (74.) 123 (72.4)

p = 0.5697
B 117 (26.1) 70 (25.1) 47 (27.6)

BCLC stage
A 15 (3.3) 9 (3.2) 6 (3.5)

p = 0.9841B 109 (24.3) 68 (24.4) 41 (24.1)
C 325 (72.4) 202 (72.4) 123 (72.4)

AFP, ng/mL
Median (range) 113.0 (0.7–1148,415.7) 94.0 (0.7–1148,415.7) 119.8 (1–319,713.0)

p = 0.5968*<400 266 (59.2) 166 (59.5) 100 (58.8)
≥400 172 (38.3) 103 (36.9) 69 (40.6)
Unknown 11 (2.4) 10 (3.6) 1 (0.6)

Prior treatment for HCC
Resection 139 (31.0) 99 (71.2) 40 (28.8) p = 0.0079
Trans-arterial chemoembolization 206 (45.9) 134 (48.0) 72 (42.4) p = 0.2423
Sorafenib 251 (55.9) 158 (56.6) 93 (54.7) p = 0.6906

Treatment line
First systemic line 198 (44.1) 121 (43.4) 77 (45.3)

p = 0.6906
Beyond first systemic line 251 (55.9) 158 (56.6) 93 (54.7)

Immunotherapy treatment
Anti-PD(L)-1 monotherapy 379 (84.4) 232 (83.2) 147 (86.5)

p = 0.1690
Anti-PD(L)-1 + CTLA-4 combination 28 (6.2) 18 (6.5) 10 (5.9)
Anti-PD (L)-1 + TKI combination 24 (5.3) 19 (6.8) 5 (2.9)
Anti-PD (L)-1 + other combination 16 (3.6) 10 (3.6) 6 (3.5)
Anti-CTLA-4 monotherapy 2 (0.4) – 2 (1.2)

HCC, hepatocellular carcinoma; EIOP, early immunotherapy period; CTP, Child-Turcotte Pugh; BCLC, Barcelona clinic liver cancer; CTLA-
4, cytotoxic T-cell lymphocyte-associated antigen-4. * Estimates computed excluding missing data.
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Patients received ICI therapy either as monotherapy or combi-
nation therapy between 2017 and 2019, and this was continued 
until disease progression, unacceptable toxicity, or withdrawal of 
consent. Clinicopathologic variables (Table 1) were collated into a 
data collection proforma. Radiological disease staging by magnet-
ic resonance imaging or computerized tomography was conducted 
prior to therapy commencement and at approximately 9 weekly 
intervals. Ethical approval to conduct this study was granted by the 
Imperial College Tissue Bank (reference number: R16008). The 
Institutional Review Board in each participating institution ap-
proved the study protocol. All study-related procedures and data 
collection were conducted in accordance with the Declaration of 
Helsinki and in accordance with Good Clinical Practice.

Study Endpoints
Clinical endpoints evaluated in association with ATB included 

OS, defined as the time from the initiation of ICI to patient death 
or loss to follow-up, PFS, defined as the time from the initiation of 
ICI to disease progression or death/loss to follow-up, the objective 
response rate (ORR) and the disease control rate (DCR) to ICI 
therapy, calculated on the basis of the best overall response 
achieved throughout the course of ICI therapy as assessed by the 
treating physician according to RECIST v1.1 criteria [16]. Patients 
were classified as achieving an objective response if a complete re-
sponse (CR) or partial response (PR) was detected on restaging 
scans at 9–12 weeks intervals from ICI commencement.

Evaluation of ATB Exposure
In view of previous evidence showing a time-dependent asso-

ciation between ATB exposure and outcome from ICI, with great-
er influence of early ATB exposure, we categorized patients receiv-
ing ATB therapy within 30 days from starting ICI therapy (pATB) 
and considered them together with patients who were treated with 
ATB up to 30 days after cycle 1 of immunotherapy (eATB), defin-
ing this exposure window as the early immunotherapy period 
([EIOP] i.e., −30 days to +30 days from ICI dosing). This was cho-
sen as primary exposure measure according to the literature, which 
univocally suggests early ATB exposure as a detrimental factor in-
fluencing ICI efficacy [17].

To properly weigh our results based on potential confounders, 
baseline associations between EIOP ATB therapy grouping and 
each baseline characteristic were evaluated. Considering the pos-
sible interactions, large variations, and unbalanced distribution 
across patient’s subgroups, fixed, preplanned multivariable regres-
sion models were used to weight each clinical outcome analysis 
according to the EIOP ATB therapy grouping [18, 19]. Covariates 
were chosen with a clinical prioritization and baseline covariates, 
which are known to be significantly associated to each other were 
excluded (e.g., Barcelona clinic liver cancer [BCLC] stage includes 
performance status and Child-Turcotte Pugh [CTP] liver func-
tion). Moreover, to choose appropriate covariates, mutual correla-
tions were also formally evaluated prior to defining multivariable 
models (data not shown).

The included relevant variables were gender [20], age (<70 vs. 
>70 years) [21], viral etiology (yes vs. no), CTP class (A vs. B), 
BCLC stage (A vs. B/C), ICI therapy (PD-[L] 1 monotherapy vs. 
others, including combinations), treatment line (first vs. nonfirst 
line), and AFP (≥400 vs. < 400). An additional analysis of OS and 
PFS using EIOP clustered as beta-lactams, quinolones, other single 
agent ATB, and ATB combinations was also performed.

Last, we took into consideration the lead-in time bias caused by 
the time-dependent nature of eATB exposure. As patients in the 
eATB group could had been treated with ATB up to 30 days after 
treatment commencement, we had to assume that potentially their 
immunotherapy exposure lasted at least 30 days, while is presum-
able that early progressors (e.g., patients who discontinued the 
treatment within the first 30 days) were included among the non-
eATB patients only. Therefore, in order to overcome that bias, a 
further clinical outcomes analysis was performed after a 30-day 
landmark selection, including only patients with a minimum treat-
ment duration of 30 days. We further evaluated whether EIOP 
ATB therapy could stratify patient’s clinical outcomes in the pre-
specified restricted group of patients treated with PD1/PD-L1 
checkpoint inhibitors monotherapy and those with CTP class A.

Statistical Analysis
Demographic data were summarized using descriptive statis-

tics. The median OS and PFS were calculated using the univariate 
Kaplan-Meier survival method. The median period of follow-up 
was calculated according to the reverse Kaplan-Meier method. 
Log-rank tests were performed to compare OS and PFS according 
to ATB category. The χ2 test was used to compare categorical vari-
ables between the 2 cohorts and for the univariable analyses of 
ORR/DCR. Logistic regression was used for the multivariate anal-
ysis of ORR/DCR and to compute odds ratios with 95% confidence 
intervals (CIs). Cox proportional hazards regression was used for 
the multivariate analysis of PFS and OS and to compute all the 
hazard ratios (HRs) for treatment discontinuation and death with 
95% CIs. The alpha level for all analyses was set to p < 0.05. All sta-
tistical analyses were performed using MedCalc Statistical Soft-
ware version 19.3.1 (MedCalc Software Ltd., Ostend, Belgium; 
https://www.medcalc.org; 2020).

Results

Baseline Cohort Characteristics
In this multinational retrospective study, clinical data 

from 449 patients with HCC treated with ICI from 12 
centers in the USA (n = 250, 55%), Europe (n = 109, 26%), 
and Asia (n = 91, 20%) were collated and reviewed, after 
exclusion of 15 patients classified as Child-Pugh class C, 
ECOG performance status of 3 (i.e., BCLC stage D). ATB 
were administered within the EIOP time window in 170 
patients (37.9%). Within the EIOP (EIOP+) category, 82 
patients received ATB prior to ICI (pATB, 18.3%) and 
128 patients within 30 days of ICI initiation (eATB, 
28.5%), with 40 of them having received ATB in both 
pATB and eATB time windows. Empirical treatment, 
that is, fever raising the possibility of an infection of un-
clear source, was the most common indication for all 
those who received pATB (59.8%) and eATB (42.9%). 
The most common types of ATB prescribed were beta-
lactams and quinolones in both the pATB (41.4% and 
34.1%, respectively) and the eATB groups (67.9% and 
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35.1%, respectively). Detailed indications and ATB types 
are reported in online suppl. Tables 2 and 3. Most patients 
received PD-1/PD-L1 inhibitor single-agent therapy (n = 
379, 84.4%). At ICI initiation, most patients were of BCLC 
stage C (n = 325, 72.4%), with a Child-Pugh class of A  
(n = 332, 73.9%). Table 1 summarized all key baseline pa-
tients’ characteristics for the overall study population and 
according to EIOP grouping. With the exception of the 
proportion of patients who underwent to previous surgi-
cal resection (p = 0.0079), none among the clinical char-
acteristics resulted to be significantly associated to cohort 

grouping according to the EIOP status. After a median 
follow-up of 17.0 months (95% CI: 15.5–53.2), the me-
dian OS and PFS of the entire cohort were 15.4 months 
(95% CI: 12.6–16.6; 241 events) and 4.4 months (95% CI: 
3.7–5.3; 344 events), respectively. Among the 428 evalu-
able patients for radiologic disease response, 26 (6.1%) 
achieved a CR and 50 (11.7%) a PR (11.7%), leading to an 
ORR of 17.8% (95% CI: 13.9–22.2). Stable disease was re-
ported for 174 patients (40.7%), resulting in a DCR of 
58.4% (95% CI: 51.4–66.1). Patients who experienced a 
PR/CR to ICI achieved a significantly longer median OS 
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Fig. 1. The influence of early ATB exposure (EIOP) on OS (a) and TTF (b) in the overall patient population  
(n = 450) and in the 4-week landmark time survival analysis population (n = 402) (c, d). EIOP, early immuno-
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(not reached; 76 events) than patients who experienced a 
stable/progressive disease (12.1 months; 95% CI: 9.8–
15.4; 214 events) (HR 0.37, 95% CI: 0.27–0.51; p < 0.0001) 
(online suppl. Fig. 1).

The Relationship between EIOP ATB Therapy and 
Efficacy Outcomes from ICI
Despite a concordant trend, EIOP exposure was nei-

ther associated to the ORR (20.2% [95% CI: 14.0–28.2] for 
the EIOP+ group and 16.1% [95% CI: 11-6–21.8] for 
EIOP–; p = 0.2808), nor to the DCR (63.1% [95% CI: 51.6–
76.3] for EIOP+ and 55.4% [95% CI: 46.7–65.4] for EIOP–
; p = 0.1144). In the EIOP+ group, the median OS was 15.3 
months (95% CI: 11.1–52.5; 88 events), compared to 15.4 
months (95% CI: 11.3–17.6; 153 events) for EIOP– pa-
tients (log-rank: p = 0.6275; HR 0.93 [95% CI: 0.72–1.21], 
Fig. 1a), while the median PFS was 6.1 months (95% CI: 
4.6–8.1; 124 events) for EIOP+ patients and 3.7 months 
(95% CI: 3.2–4.5; 220 events) for EIOP– ones (log-rank:  
p = 0.0135; HR 0.74 [95% CI: 0.60–0.93], Fig. 1b). Multi-

variable analyses of ORR, DCR, OS, and PFS are illustrated 
in Table 2 and confirm the relationship between ATB EIOP 
exposure and longer PFS (HR 0.75 [95% CI: 0.60–0.94]; p = 
0.0161). Online suppl. Table 4 reports the univariable anal-
ysis of PFS and OS according to the EIOP ATB class. When 
clustered as beta-lactams, quinolones, others single agent 
ATB, and ATB combinations, a significantly prolonged PFS 
was reported for patients on EIOP quinolones only (HR 
0.56, 95% CI: 0.34–0.91; p = 0.0217), while no effects on OS 
were found. At the multivariable, no effect on PFS and OS 
was confirmed (data not shown).

Thirty Days Landmark Analysis
After the 30-day landmark selection, 402 patients were 

included in the analysis. Among them, 155 (38.6%) were 
grouped as EIOP+ and 247 (61.4%) and EIOP–. EIOP ex-
posure was neither associated to the ORR (22.1% [95% CI: 
15.3–30.9] for EIOP+ and 17.3% [95% CI: 12.4–23.4] for 
EIOP–; p = 0.2416), nor to the DCR (66.9% [95% CI: 54.6–
81.1] for EIOP+ and 59.1% [95% CI: 49.7–69.7] for EIOP–;  

Table 2. Multivariable analyses illustrating the relationship between early ATB exposure (EIOP) and key efficacy outcomes in patients with 
HCC treated with immunotherapy

Variable ORR, DCR, PFS, OS,
multivariable OR 
(95% CI); p value

multivariable OR 
(95% CI); p value

multivariable HR 
(95% CI); p value

multivariable HR 
(95% CI); p value

EIOP
Yes versus no 1.23 (0.74–2.05); 0.4078 1.41 (0.93–2.13); 0.1040 0.75 (0.60–0.94); 0.0161 0.96 (0.73–1.26); 0.7993

Gender
Male versus female 0.85 (0.44–1.63); 0.6374 0.80 (0.48–1.34); 0.4127 1.02 (0.77–1.35); 0.8705 0.83 (0.59–1.16); 0.2905

Age
<70 versus >70 years 0.92 (0.55–1.55); 0.7678 1.32 (0.87–2.01); 0.1780 0.90 (0.72–1.13); 0.4028 1.19 (0.91–1.56); 0.1959

Viral etiology
Yes versus no 1.23 (0.72–2.10); 0.4358 1.01 (0.66–1.54); 0.9311 0.92 (0.74–1.16); 0.5193 0.81 (0.62–1.06); 0.1315

CTP class
B versus A 1.08 (0.60–1.93); 0.7913 0.95 (0.59–1.51); 0.8395 1.28 (1.01–1.63); 0.0423 1.63 (1.23–2.17); 0.0007

BCLC stage
C versus A/B 1.19 (0.64–2.23); 0.5753 0.67 (0.41–1.11); 0.1222 1.12 (0.85–1.48); 0.3840 1.18 (0.85–1.64); 0.2968

ICI treatment
PD-(L) 1 monotherapy versus 
others

0.61 (0.30–1.22); 0.1654 0.37 (0.19–0.73); 0.0039 1.23 (0.89–1.69); 0.1948 1.10 (0.74–1.64); 0.6192

Treatment line
>1L versus 1L 0.89 (0.53–1.49); 0.6694 0.89 (0.58–1.35); 0.5869 1.42 (1.13–1.78); 0.0024 1.24 (0.95–1.63); 0.1096

AFP, ng/mL
≥400 versus <400 1.29 (0.77–2.18); 0.3237 0.65 (0.43–1.00); 0.0509 1.21 (0.97–1.52); 0.0849 1.78 (1.36–2.32); 

<0.0001

ORR and DCR analyses: 417 patients included. PFS and OS analyses: 438 patients included. ICI, immune checkpoint inhibitor; HCC, 
hepatocellular carcinoma; ATB, antibiotics; OS, overall survival; PFS, progression-free survival; ORR, objective response rate; DCR, disease control 
rate; EIOP, early immunotherapy period; CTP, Child-Turcotte Pugh; BCLC, Barcelona clinic liver cancer; OR, odds ratio; CI, confidence interval; 
HR, hazard ratio.
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p = 0.1202). In the EIOP– group, the median OS was 15.4 
months (95% CI: 11.6–52.4; 78 events), compared to 16.4 
months (95% CI: 13.4–21.9; 127 events) of the EIOP– 
group (log-rank: p = 0.9812; HR 1.01 [95% CI: 0.75–1.33], 
Fig. 1c), while the median PFS was 7.2 months (95% CI: 
5.5–9.8; 110 events) for the EIOP+ group, and 4.4 months 
(95% CI: 3.7–5.3; 192 events) for the EIOP– group (log-
rank: p = 0.0171; HR 0.74 [95% CI: 0.59–0.94], Fig. 1d). 
Multivariable analyses confirmed the relationship be-
tween ATB EIOP exposure and longer PFS (HR 0.73 [95% 
CI: 0.57–0.93]; p = 0.0130, online suppl. Table 5).

Child-Pugh Class A and PD-1/PD-L1 Inhibitors 
Monotherapy Ancillary Analysis
Table 3 provides a summary of the Child-Pugh class A 

and the PD-1/PD-L1 inhibitors monotherapy ancillary 
analyses. Among the PD-1/PD-L1 monotherapy restrict-
ed group, EIOP ATB therapy showed no significant as-
sociation with OS (p = 0.5462) (online suppl. Fig. 2a) and 
ORR (p = 0.3378), while was significantly associated with 
a longer PFS (HR = 0.75 [95% CI: 0.60–0.95]; p = 0.0205) 
(online suppl. Fig. 2b) and a higher DCR (61.4% vs. 50.9%, 
p = 0.0494). Among the CTP class A restricted group, 
EIOP ATB therapy showed no association with OS (p = 
0.9652) (online suppl. Fig. 2c), DCR (p = 1,476) and ORR 
(p = 0.2696), while resulted to be significantly associated 
with a prolonged PFS (HR = 0.76 [95% CI: 0.58–0.98];  
p = 0.0362) (online suppl. Fig. 2d).

Discussion

Drug-drug interactions are at the focus of intense scru-
tiny in the context of ICI therapy, given their potential to 
blunt immune responsiveness and affect oncological out-
comes [22]. The homeostatic equilibrium of the gut mi-
crobiome has become an increasingly recognized deter-
minant of response to ICI, in view of the bidirectional 
cross talk between the diverse commensal species resid-
ing in the intestinal lumen and the host immunity [23]. 
ATB therapy can induce protracted changes to the gut 
microbiome and has emerged as a tumor-agnostic deter-
minant of response and survival to ICI across a growing 
number of malignancies [24].

This is the first study to report on the effect of ATB on 
key oncological outcomes following immunotherapy for 
HCC, a disease where alterations of the gut-liver axis are 
an important pathogenic determinant [25]. It has been 
established that dysfunction of the intestinal barrier per-
mits increased translocation of intestinal bacteria in Ta
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chronic liver disease [26]. Continued exposure to lipo-
polysaccharide from gut bacteria is an important contrib-
utor to liver cirrhosis and cancer development via activa-
tion of the TGF-β pathway, a key molecular driver of pro-
liferative and antiapoptotic signals in hepatocytes [27, 
28]. Once HCC is established, the gut-liver axis continues 
to influence the antitumor immune response and pertur-
bation of the gut microbiome, in which ATB can have a 
direct effect on the HCC microenvironment [29].

Our study portrays a direction and strength of asso-
ciation between ATB and outcome from immunotherapy 
in HCC that is in deep contrast to other oncological indi-
cations. While ATB therapy was not associated with OS 
in our study, we found that EIOP dosing preludes to a 
significant delay in disease progression or death following 
ICI therapy, as measured by PFS. Interestingly, early ATB 
exposure was not associated with characteristics of sever-
ity of chronic liver disease, performance status, or HCC 
stage and persisted as an independent predictor of PFS in 
multivariable models adjusted for these variables. This 
provides further credence to a true pathophysiologic 
rather than merely associative link between ATB and im-
proved disease control from ICI therapy, a finding that 
places this study at odds with most studies conducted on 
this topic in other cancer types [24].

The universally detrimental effect on outcomes ob-
served for prior and early but not concurrent ATB use 
across malignancies is thought to relate to the negative 
effect of ATB in reducing diversity and taxonomy in the 
commensal bacteria, producing a reduction in Bifidobac-
teria, Akkermansia, and Ruminococcus, while favoring 
growth of other particular bacterial species in the gut mi-
crobiota such as Bacteroides [30, 31]. Such bacteria are 
postulated to induce immunosuppression through pro-
motion of myeloid-derived suppressor cells, FOXP3+ 
and CD4+ CD25+ T-regulatory cells, and production of 
systemic prostaglandins that are negatively associated 
with ICI response [24]. Perturbation of the microbiota as 
a mechanism linking ATB treatment and response to im-
munotherapy is beginning to be confirmed through pro-
spective testing. A recent study has demonstrated the 
ability of immunostimulatory commensal bacteria or fe-
cal transplantation from ICI-responding renal cell carci-
noma patients to rescue ICI-resistant, renal cell carcino-
ma-bearing mice [32]. In immunotherapy-resistant mel-
anoma, fecal microbiota transplantation has been shown 
to rescue immunotherapy resistance in patients [23].

HCC is set apart from other solid tumors in that it de-
velops in the context of cirrhosis, a pathological state al-
ready associated with an immunosuppressive microbi-

ome [33]. Cirrhosis is accompanied by gut microbial dys-
biosis with evidence of decreased beneficial bacteria and 
increased immunosuppressive bacteria. These findings 
have been corroborated many times in studies with mouse 
models finding reduced Bifidobacterium and increased 
gram-negative bacteria, such as Bacteroides and Esche-
richia Coli, speculated to contribute to HCC progression 
[34]. It is therefore plausible that disruption of this im-
munosuppressive interaction by ATB may favor response 
to ICI. A candidate mechanism recently demonstrated in 
HCC and non-HCC mice is that primary bile acids in the 
gut promote expression of CXCL16 and NKT cell recruit-
ment in the liver [29]. Eradication of bacteria that me-
tabolize primary bile acids by ATB in these mice en-
hanced antitumor immunity and reduced tumor growth.

Considering the wider tumor microenvironment, un-
like lung, bladder cancer, and melanoma, liver cancer is 
characterized by a uniquely immunosuppressive milieu at 
baseline [35], dominated – amongst other mechanisms – 
by abundant recruitment of myeloid suppressor cells and 
tumor-associated macrophages, which directly inhibit cy-
totoxic T cells and produce chemokines including CCL17, 
CCL18, and CCL22, which further attract Tregs [36, 37]. 
The effect of ATB on such a wide spectrum of immuno-
suppressive innate immune cells is mostly unknown.

The above factors may account for a different relation-
ship between ATB exposure and ICI. Although our study 
lacks correlative data from stool samples that would en-
able us to characterize the microbiome changes associated 
with ATB administration, it lends clinical support to the 
idea that HCC develops in the setting of a unique interac-
tion between the gut microbiome and the immune system.

There are a number of reasons why ATB might have 
exerted a differential impact on PFS as opposed to OS. 
PFS is more directly reflective of immunotherapy-in-
duced therapeutic benefit as opposed to OS, a measure 
that, in heavily pretreated patients who were particularly 
heterogeneous in terms of treatment lines, might have 
been more predominantly influenced by post-progres-
sion therapy. As shown in Table 1, nearly half of the pa-
tients were treated with immunotherapy after 1 prior line 
of systemic treatment. Besides heterogeneity in therapy, 
OS is deeply influenced by liver functional reserve in ad-
vanced HCC patients. It is therefore possible that mortal-
ity due to liver decompensation and worsening of under-
lying chronic liver disease might have masked a measur-
able effect of ATB on OS.

The current first line choice for immunotherapy in 
HCC is the combination of atezolizumab and bevacizum-
ab [6]. Our study provides no primary data to support our 
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conclusion in this subtype of therapy. The majority of pa-
tients treated in our study were in fact treated with anti 
PD-1/PD-L1 monotherapy. While we hypothesize that 
the effect is likely to be preserved, given the synergistic 
effect of anti-PD-L1 and anti-VEGF therapy on enhanc-
ing antitumor immunity, further studies should prove 
whether the association between ATB and outcome from 
PD-1/VEGF combinations holds true in adequately pow-
ered prospective clinical studies.

Overall, our study reports on an international, multi-
center, and geographically heterogeneous study with a 
sample size relatively larger than the studies conducted in 
other cancers. Our study is limited by its retrospective 
nature and by the lack of molecular analyses on the stool 
microbiota, a point that should be addressed in prospec-
tive studies. Additionally, given the proposed mecha-
nisms relating to disruption of the gut microbiota, it 
would be ideal for independent host factors known to in-
fluence the gut ecosystem, such as diet, alcohol, and 
smoking, to be thoroughly accounted for. In conclusion, 
our findings demonstrate a significant difference in dura-
tion of therapeutic benefit in patients with advanced 
HCC treated with ICI receiving ATB in the early period 
prior to or after ICI initiation. This relationship cannot 
be explained by differences in baseline liver function, 
functional status, or immunotherapy regimen adminis-
tered between patient groups. Although the delay of pro-
gression observed in our study does not translate to en-
hanced OS, the results stand as valuable initial evidence 
to clearly warrant this as an area of further investigation, 
especially in light of ongoing trials in other solid tumors 
investigating the modulation of the microbiome as a 
strategy to potentiate the efficacy of immunotherapy and 
reverse immunotherapy resistance [38].
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