
https://doi.org/10.1177/17588359211000591 
https://doi.org/10.1177/17588359211000591

Therapeutic Advances in Medical Oncology

journals.sagepub.com/home/tam	 1

Ther Adv Med Oncol

2021, Vol. 13: 1–23

DOI: 10.1177/ 
17588359211000591

© The Author(s), 2021.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
In the early 2000s, the advent of immune check-
point inhibitors (ICIs) led to a new era in cancer 
treatment. By targeting inhibitory receptors 
(CTLA-4 and PD-1) or a ligand (PD-L1) 

expressed on the surface of lymphocytes,1,2 ICIs 
promote the immune-mediated control of tumor 
growth. The use of ICIs by patients with skin, lung, 
kidney, ear nose and throat and hematological 
cancers has led to marked reductions in morbidity 
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Abstract
Background: There are conflicting data on the effects of dysbiosis-inducing drugs, and 
especially antibiotics (ATBs), on clinical outcomes in patients treated with immune checkpoint 
inhibitors (ICIs). There is a particular lack of data for patients with melanoma.
Methods: We performed a single-center retrospective study of the associations between ATBs 
and other drugs known to modify the gut microbiota (proton pump inhibitors, nonsteroidal 
anti-inflammatory drugs, statins, opioids, anti-vitamin K, levothyroxine, vitamin D3, 
antiarrhythmics, metformin and phloroglucinol), overall survival (OS) and tumor response 
in consecutive cancer patients (particularly those with melanoma) treated with an ICI 
(ipilimumab, nivolumab or pembrolizumab) over a 9-year period.
Results: A total of 372 patients were included. The mean ± standard deviation age was 
64.0 ± 12.1 years. The most frequently prescribed ICI was nivolumab (in 58.3% of patients) and 
the most frequent indications were lung cancer (44.6%) and melanoma (29.6%). Overall, 112 
patients (30.1%) had received ATBs. ATB use was associated with (1) shorter OS in the study 
population as a whole [adjusted hazard ratio [95% confidence interval (CI)]: 1.38 (1.00–1.90), 
p = 0.048] and in patients with melanoma [adjusted hazard ratio (95% CI): 2.60 (1.06–6.39), 
p = 0.037], and (2) a lower response rate in the study population as a whole [8.1%, versus 31.1% 
in patients not treated with ATBs; adjusted odds ratio (95% CI): 6.06 (2.80–14.53), p < 0.001] 
and in patients with melanoma [adjusted odds ratio (95% CI): 4.41 (1.04–22.80), p = 0.045]. 
Sensitivity analyses that minimized the indication bias did not reveal an association between 
OS and the presence of an infection requiring ATBs (quantified as the severity of infection, 
hospitalization for an infection, or ICI discontinuation). Other dysbiosis-inducing drugs were 
not associated with a difference in OS.
Conclusion: Unlike other dysbiosis-inducing drugs, ATBs were associated with poorer clinical 
outcomes in ICI-treated patients overall and in the subset of patients with melanoma.
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and mortality.3–5 However, tumor escape is still a 
major problem.

According to the literature, between 60% and 
80% of patients fail to respond to ICIs.6 The fac-
tors underlying escape from ICIs can be divided 
into three classes: tumor-related factors, host fac-
tors, and environmental factors.7 The latter 
include infectious agents, diet, prolonged expo-
sure to the sun, concomitant drug treatments 
(including exposure to corticosteroids and the 
indications requiring treatment with corticoster-
oids),8 and the gut microbiota (i.e. all the micro-
organisms in the digestive tract, primarily bacteria 
but also viruses, fungi, and archaea). Interaction 
with the microbiota (mainly the bacteria) influ-
ences the host’s digestive, metabolic, neurological 
and immunological functions.9

A number of studies have highlighted a link 
between dysbiosis (i.e. a quantitative and/or 
qualitative imbalance in the microbiota) and the 
patient’s response to ICIs.10,11 For example, the 
treatment success rate is directly related to the 
proportions of certain bacteria.12 Thus, anti-
CTLA-4 activity is directly related to the pres-
ence of certain Bacteroidetes (the Bacteroidales) 
and Proteobacteria (the Burkholderiales).13 In 
fact, an increase in the proportion of these bac-
teria seems to be associated with greater effec-
tiveness of ipilimumab.14 Similarly, anti-PD-1 
activity is modulated by the presence of the 
order Bacteroidales (the genus Bacteroides), the 
genus Bifidobacterium, the phylum Actino
bacteria, Akkermansia muciniphilia, the phylum 
Verrucomicrobia, and the phylum Firmicutes.10,13 
Other studies have highlighted an association 
between anti-PD-L1 activity and Bifidobacterium, 
Actinobacteria, Collinsella aerofaciens, and 
Enterococcus faecium.13

Drugs that influence the composition of the gut 
microbiota [e.g. antibiotics (ATBs)] can influ-
ence the clinical effectiveness of drugs. To date, 
studies of the effectiveness of ICIs have not con-
sidered the impact of individual ATBs on the gut 
microbiota.10,15–21 In fact, it is known that the 
impact on the microbiome differs from one ATB 
to another. For example, treatments with ceftri-
axone and ofloxacin tend to increase and reduce 
the proportion of Enterococcus, respectively.13 The 
duration of dysbiosis after ATB discontinuation 
also differs from one compound to another. Thus, 
spiramycin seems to affect the microbiota for up 

to 28 days after discontinuation, whereas pipera-
cillin has an effect for up to 14 days.13 Hence, the 
change in the microbiota induced by a particular 
ATB can influence the interaction with ICIs. For 
example, the use of amoxicillin and amoxicillin/
clavulanic acid might boost the effectiveness of 
ICIs by increasing the number of Bacteroides.13

Retrospective studies of the association between 
ATB use and overall survival (OS) in patients 
treated with ICIs have generated conflicting 
results: some have shown a negative associa-
tion,16,17,19,22 while others did not observe an 
association.15,20,21 As described by Derosa et al.,22 
the timeframe of exposure to ATBs before ICI 
initiation appears to be a determinant factor; the 
clinical outcomes in patients exposed to ATBs 
60 days before ICI initiation were better than in 
patients exposed for just 30 days before initiation. 
Furthermore, most of these studies focused on 
patients with renal cell carcinoma, urothelial car-
cinoma (UC) or nonsmall-cell lung carcinoma 
(NSCLC) but not on those with melanoma. 
Moreover, the researchers did not determine 
whether the severity of the infection influenced 
the association between ATB use and worse OS. 
Lastly, recent post hoc analyses of randomized tri-
als of patients with UC and NSCLC showed 
worse OS and progression-free survival in indi-
viduals in the ICI arm (the anti-PD-L1 atezoli-
zumab) receiving ATBs but not in those in the 
control arm (conventional chemotherapy) receiv-
ing ATBs.23,24

Along with ATBs, a number of other drug classes 
can induce dysbiosis: proton pump inhibitors 
(PPIs), drugs for functional gastrointestinal disor-
ders (particularly phloroglucinol), anti-vitamin K 
(AVK) anticoagulants, antiarrhythmics, non-
steroidal anti-inflammatory drugs (NSAIDs), 
vitamin D3 (known for its protective role in intes-
tinal homeostasis),25 metformin (which stimulates 
the gut microbiota and the immune system),26 
opioids, statins (which appear to be associated 
with an anti-inflammatory gut microbiotic pro-
file),27 levothyroxine, and psychotropics.28–35

The objective of the present study was to evaluate 
the associations between ATBs (especially amoxi-
cillin and amoxicillin/clavulanic acid) and other 
drugs known to modify gut microbiota on one 
hand and OS and the tumor response in patients 
treated with ICIs (particularly patients with mela-
noma) on the other.
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Methods

Study design
We performed a retrospective, observational study 
of all consecutive adult patients (aged 18 years and 
over) treated with an anti-CTLA-4 agent (ipili-
mumab) and/or an anti-PD-1 agent (nivolumab or 
pembrolizumab) in the departments of oncology, 
dermatology, pulmonology, hematology and gas-
troenterology from December 2010 to December 
2019 at Amiens University Medical Center 
(Amiens, France). Patients enrolled in clinical tri-
als or receiving concomitant chemotherapy or tar-
geted therapy were not included.

Collection of patients’ baseline characteristics
Demographic characteristics (age and sex), body 
mass index (BMI), and comorbidities were col-
lected: smoking status (defined as ‘never’ or ‘cur-
rent/past’), alcohol consumption (defined as daily 
consumption or not, regardless of the dose), a 
history of cardiovascular disease (including myo-
cardial infarction, stroke, obliterating arteriopa-
thy of the lower limbs, and deep vein thrombosis), 
the presence or absence of diabetes mellitus 
(regardless of the severity), the presence or 
absence of high blood pressure, the presence or 
absence of dyslipidemia, and a history of can-
cer. The type of current cancer, its metastatic 
status, the number of metastatic sites (includ-
ing brain metastases, if present), and the 
Eastern Cooperative Oncology Group (ECOG) 
performance status were collected. Any conven-
tional and targeted chemotherapies prior to ICI 
initiation were recorded. The first-line treatment 
of ICIs was considered in the analyses, and subse-
quent lines (if applicable) were also described.

Evaluation of the tumor response and overall 
survival
On the basis of data gathered from multidiscipli-
nary team meeting reports and imaging reports, 
the best overall response was defined as a com-
plete response (CR), partial response (PR), stable 
disease (SD) or disease progression (PD) accord-
ing to the Response Evaluation Criteria in Solid 
Tumors (RECIST) criteria (version 1.1).36 A 
good response was defined as CR or PR status. 
OS was calculated from the date of ICI initiation 
to the time of death from any cause or to the date 
of the last follow-up examination.

Collection of data on drug use and definitions  
of patient groups
Antibiotics.  When defining the patient groups, we 
took account of the dysbiosis caused by each 
ATB,13 the influence of dysbiosis on the ICI’s 
effectiveness10,14,37,38 and the time needed for 
recovery of the gut microbiota after ATB discon-
tinuation.13 Patients with a documented tumor 
response at least 3 months after the initiation of 
ICI treatment were assigned to the ‘ATB+’ group 
if they had received amoxicillin in the year pre-
ceding ICI initiation, amoxicillin/clavulanic acid 
in the preceding 60 days, piperacillin–tazobactam, 
cloxacillin or oracillin in the preceding 10 days, 
any cephalosporin in the preceding 40 days, any 
macrolide in the preceding 28 days, vancomycin 
(only for patients treated with an anti-PD-1 
agent) in the preceding 7 days, any quinolone in 
the preceding year, metronidazole in the preced-
ing 60 days, doxycycline in the preceding 7 days, 
sulfamethoxazole–trimethoprim in the preceding 
14 days, linezolid in the preceding 28 days, any 
aminoglycoside in the preceding 30 days, or any 
type of ATB in the 60 days following the initiation 
of ICI treatment. The ATB’s administration route 
was documented, along with the treatment dura-
tion, the indication, the severity of the confirmed 
or suspected infection (classified as systemic 
inflammatory response syndrome, sepsis, severe 
sepsis, septic shock,39 or a nonsystemic infection), 
hospitalization prompted by an infection, and ICI 
discontinuation prompted by an infection.

Other dysbiosis-inducing drugs.  Given the lack 
of literature data on the gut microbiota’s recov-
ery after the discontinuation of PPIs, NSAIDs, 
statins, metformin, opioids, cholecalciferol, 
levothyroxine, AVK anticoagulants, antiarrhyth-
mic, phloroglucinol and psychotropics, patients 
were assigned to the corresponding drug class 
group if they received this drug class upon ini-
tiation of ICI treatment or in the following 
60 days. For each drug class, the indication was 
documented.

Steroids.  Given that systemic treatment with 
corticosteroids is known to lower the effective-
ness of ICIs,40–42 the use of oral corticosteroids 
in the 60 days following the initiation of  
ICI treatment, together with the indication  
[an immune-related adverse event (irAE) or 
another indication], and the dose level were 
documented.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

4	 journals.sagepub.com/home/tam

Ethical approval and informed consent 
statements
In line with the French legislation on retrospective 
analyses of routine clinical practice, patients were 
not required to give their informed consent. On 
admission to hospital, however, patients could 
refuse the use of their medical data for research 
purposes. The present study protocol was approved 
by an institutional committee with competency for 
studies not requiring approval by an independent 
ethics committee (Clinical Research Directorate, 
Amiens University Medical Center, Amiens, France) 
and was registered with the French National Data 
Protection Commission (Commission Nationale 
de l’Informatique et des Libertés, Paris, France; 
reference: PI2018_843_0062, dated 11 November 
2018).

Statistical analyses
In our descriptive analysis, categorical variables 
were expressed as the number (percentage). 
Continuous variables were expressed as the 
mean ± standard deviation (SD), the median 
(interquartile range), or the median (range), 
depending on the data distribution. In a bivariate 
analysis comparing patients receiving the drug of 
interest with those not receiving it, continuous 
variables were compared using Student’s t test or 
a Wilcoxon’s rank-sum test (depending on the 
data distribution), and categorical variables were 
compared using a Chi-square test or Fisher’s 
exact test. OS in the ATB+ and ATB− groups 
was assessed using the Kaplan–Meier method 
and a log-rank test. The groups’ tumor response 
rates (according to the RECIST 1.1 criteria) were 
also compared. In multivariate analyses, a Cox 
proportional hazards model was built for OS and 
a logistic regression model was built for the tumor 
response (with a worse tumor response defined as 
SD or PD status). Variables with a p-value < 0.2 
in the bivariate analysis and the predictors of 
death most frequently described in the literature 
(i.e. age, sex, BMI, current or past smoking, alco-
hol consumption, a history of cardiovascular dis-
ease, cancer duration, and ECOG performance 
status) were included in the models, together with 
other drugs associated with better or poorer OS 
or a better or worse tumor response in bivariate 
analyses. A Cox proportional hazards model and 
a logistic regression including diabetes, hyperten-
sion, dyslipidemia, number of metastatic sites (as a 
binary variable: at least two metastatic sites versus 
fewer than two metastatic sites) and the line of 
treatment of ICI were also applied.

In sensitivity analyses, the same analyses were 
performed in (1) patients exposed to ATBs in the 
30 days preceding or following the initiation of 
ICI (the ‘ATB+30’ group) versus those who were 
not (the ‘ATB-30’ group) and (2) patients 
exposed to ATBs in the 60 days preceding or fol-
lowing the initiation of ICI (the ‘ATB+60’ group) 
versus those who were not (the ‘ATB-60’ group).

We also analyzed the subsets of patients in the 
ATB+ and ATB− groups with melanoma. For 
these subgroups, prognosis factors [i.e. brain 
metastasis, levels of lactate dehydrogenase (LDH) 
known at ICI initiation, and ulceration as a histo-
logical characteristic of the melanoma]43 were 
included in the multivariate analyses (Cox pro-
portional hazards model and logistic regression).

Moreover, we evaluated OS and the tumor response 
in patients having received amoxicillin and/or 
amoxicillin/clavulanic acid versus patients having 
received other ATBs and patients having not 
received ATBs. In order to minimize indication 
bias, several sensitivity analyses were performed: 
(1) patients who died or were lost to follow-up 
within 4 weeks of ATB discontinuation; (2) OS in 
patients who discontinued the ICI due to an infec-
tion versus those who did not, (3) OS in hospital-
ized patients requiring systemic ATB therapy versus 
patients not hospitalized, and (4) OS in patients 
with a clinical infection versus those with sepsis.

All statistical tests were two-sided, and the thresh-
old for statistical significance was set to p < 0.05. 
All analyses were performed using R software 
(version 3.6.0, R Foundation for Statistical 
Computing, Vienna, Austria).

Results

Patient characteristics
A total of 374 patients started treatment with ipil-
imumab, nivolumab or pembrolizumab (alone or 
in combination) between 1 December 2010, and 
31 December 2019. Overall, 2 patients were 
excluded because of missing data and so 372 
patients were included in the analysis. The 
mean ± SD age was 64.0 ± 12.1 years. The most 
frequently prescribed ICI [in 217 patients 
(58.3%)] was nivolumab. The most frequent can-
cers were lung cancers (44.6%) and melanoma 
(29.6%). The study population’s demographic 
and clinicopathological characteristics are sum-
marized in Table 1.
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Table 1.  Characteristics of the overall study population and the ATB− and ATB+ groups.

Overall population n = 372 ATB− group n = 260 ATB+ group n = 112 p-value

Age (years), mean ± SD 64.0 ± 12.1 64.8 ± 12.0 62.1 ± 12.4 0.048

Sex

  Male, n (%) 244 (65.6) 162 (62.3) 82 (73.2) 0.055

  Female, n (%) 128 (34.4) 98 (37.7) 30 (26.8)

Body mass index (kg/m²), mean ± SD 24.8 ± 5.4 25.3 ± 5.6 23.7 ± 5.0 0.009

Smoking (current or past), n (%) 268 (72.0) 177 (68.1) 91 (81.2) 0.013

Alcohol consumption, n (%) 125 (33.6) 73 (28.1) 52 (46.4) <0.001

Cardiovascular history, n (%) 103 (27.7) 71 (27.3) 32 (28.6) 0.902

Diabetes mellitus, n (%) 51 (13.7) 38 (14.6) 13 (11.6) 0.542

High blood pressure, n (%) 171 (46.0) 126 (48.5) 45 (40.2) 0.175

Dyslipidemia, n (%) 104 (28.0) 77 (29.6) 27 (24.1) 0.337

History of cancer, n (%) 67 (18.0) 42 (16.2) 25 (22.3) 0.203

Tumor type

  Lung, n (%) 166 (44.6) 104 (40.0) 62 (55.4) 0.009

  Melanoma, n (%) 110 (29.6) 94 (36.2) 16 (14.3) <0.001

  Renal and urothelial, n (%) 27 (7.3) 24 (9.2) 3 (2.7) 0.028

  Head and neck, n (%) 48 (12.9) 25 (9.6) 23 (20.5) 0.006

  Hodgkin lymphoma, n (%) 5 (1.3) 1 (0.4) 4 (3.6) 0.030

  Digestive, n (%) 4 (1.1) 3 (1.2) 1 (0.9) 1.000

 � Cutaneous squamous cell carcinoma, 
n (%)

1 (0.3) 0 1 (0.9) 0.301

 � Adenocarcinoma of unknown primary, 
n (%)

5 (1.3) 5 (1.9) 0 0.328

 � Squamous cell carcinoma of unknown 
primary, n (%)

5 (1.3) 4 (1.5) 1 (0.9) 1.000

  Porocarcinoma, n (%) 1 (0.3) 0 1 (0.9) 0.301

Metastatic cancer, n (%) 276 (74.2) 211 (81.2) 65 (58.0) <0.001

Number of metastatic sites, med (IQR) 1 (0–2) 1 (1–2) 1 (0–2) <0.001

Brain metastasis, n (%) 29 (7.8) 21 (8.1) 8 (7.1) 0.922

Cancer duration (months), med (IQR) 13.7 (6.9–33.3) 16.0 (7.6–38.8) 10.2 (5.2–19.5) 0.001

ECOG performance status

  0–1, n (%) 295 (79.3) 208 (80.0) 87 (77.7) 0.676

  2–4, n (%) 77 (20.7) 52 (20.0) 25 (22.3)

Prior conventional chemotherapy, n (%) 219 (58.9) 139 (53.5) 80 (71.4) 0.002

  Number of lines, med (IQR) 1 (1–2) 1 (1–2) 1 (1–1) 0.289

(Continued)
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Overall population n = 372 ATB− group n = 260 ATB+ group n = 112 p-value

Prior targeted chemotherapy, n (%) 66 (17.7) 53 (20.4) 13 (11.6) 0.059

  Number of lines, med (IQR) 1 (1–1) 1 (1–2) 1 (1–1) 0.135

ICIs

  First-line treatment, n (%) 372 (100) 260 (100) 112 (100) 1.000

    Nivolumab alone, n (%) 217 (58.3) 143 (55.0) 74 (66.1) 0.062

    Pembrolizumab, n (%) 130 (34.9) 96 (36.9) 34 (30.4) 0.271

    Ipilimumab alone, n (%) 15 (4.0) 14 (5.4) 1 (0.9) 0.046

    Nivolumab + ipilimumab, n (%) 10 (2.7) 7 (2.7) 3 (2.7) 1.000

  Second-line treatment, n (%) 27 (7.3) 24 (9.2) 3 (2.7) 0.028

    Nivolumab, n (%)/n’ = 27 11 (40.8) 9 (37.5) 2 (66.7) 0.516

    Pembrolizumab, n (%)/n’ = 27 7 (25.9) 6 (25.0) 1 (33.3) 0.680

    Ipilimumab, n (%)/n’ = 27 9 (33.3) 9 (37.5) 0 0.062

  Third-line treatment, n (%) 2 (0.5) 2 (0.8) 0 1.000

    Nivolumab, n (%)/n’ = 2 0 0 0 –

    Pembrolizumab, n (%)/n’ = 2 1 (50.0) 1 (50.0) 0 –

    Ipilimumab, n (%)/n’ = 2 1 (50.0) 1 (50.0) 0 –

Factors modifying the gut microbiota

  Concomitant medications

    NSAIDs, n (%) 23 (6.2) 18 (6.9) 5 (4.5) 0.504

    PPIs, n (%) 149 (40.1) 103 (39.6) 46 (41.1) 0.883

    Statins, n (%) 83 (22.3) 58 (22.3) 25 (22.3) 1.000

    Opioids, n (%) 173 (46.5) 119 (45.8) 54 (48.2) 0.749

    Metformin, n (%) 17 (4.6) 16 (6.2) 1 (0.9) 0.050

    AVKs, n (%) 16 (4.3) 13 (5.0) 3 (2.7) 0.463

    Levothyroxine, n (%) 40 (10.8) 36 (13.8) 4 (3.6) 0.006

    Cholecalciferol, n (%) 59 (15.9) 47 (18.1) 12 (10.7) 0.103

    Phloroglucinol, n (%) 19 (5.1) 13 (5.0) 6 (5.4) 1.000

    Antiarrhythmic drug, n (%) 20 (5.4) 11 (4.2) 9 (8.0) 0.214

    Corticosteroids, n (%) 77 (20.7) 57 (21.9) 20 (17.9) 0.454

Use of food supplements, n (%) 58 (15.6) 27 (10.4) 31 (27.7) <0.001

ATB, antibiotic; AVK, anti-vitamin K; ECOG, Eastern Cooperative Oncology Group; ICI, immune checkpoint inhibitor; IQR, interquartile range; NSAID: 
nonsteroidal anti-inflammatory drug; PPI, proton pump inhibitor; SD standard deviation. 

Table 1.  (Continued)
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Overall survival and tumor response as a 
function of concomitant medications
Antibiotics

The study population as a whole.  Overall, 
112 patients (30.1%) were exposed to ATBs, 
with intravenous administration in 39 patients 
(34.8%) and oral administration in 73 (65.2%). 
The most frequently prescribed first-line drug 
class was penicillin (n = 75, 70.0%). A total of 36 
patients (32.1%) received two courses of ATB 
for the same infection or for separate infections, 
10 patients (8.9%) received three courses, and 
1 patient (2.0%) received five courses. In 88 of 
the patients (78.6%), ATBs were prescribed for 
a pre-existing infection. There were 47 cases of 
nonsystemic infection (42.0%), 25 cases of sys-
temic inflammatory response syndrome (22.3%), 
10 cases of sepsis (8.9%), 3 cases of severe sepsis 
(2.7%), and 2 cases of septic shock (1.8%). The 
median (interquartile range) cumulative dura-
tion of all ATB treatments for all lines was 14.50 
(7.75–30.50) days. A total of 44 of the 88 patients 
with a pre-existing infection (50.0%) had been 
hospitalized for that reason (Table 2).

The ATB+ and ATB− groups differed with 
regard to several prognostic factors at baseline. 
Patients in the ATB+ group were younger than 
those in the ATB− group (mean ± SD age: 
62.1 ± 12.4 versus 64.8 ± 12.0 years, respectively; 
p = 0.048). Relative to the ATB− group, the 
ATB+ group had a higher proportion of patients 
with alcohol consumption (28.1% versus 46.4%, 
respectively; p < 0.001) and a higher proportion of 
patients with lung cancer (40.0% versus 55.4%, 
respectively; p = 0.009). However, the proportion 
of patients with metastatic cancer was higher in 
the ATB− group than in the ATB+ group (81.2% 
versus 58.0%, respectively; p < 0.001), and the 
duration of cancer was longer in the ATB− group 
than in the ATB+ group [median (interquartile 
range): 16.0 (7.6–38.8) versus 10.2 (5.2–19.5) 
months respectively; p = 0.001, Table 1]. With 
regard to factors that could have modified the gut 
microbiota, the two groups were well balanced for 
the use of medications other than ATBs, except 
for levothyroxine (3.6% in the ATB− group versus 
13.8% in the ATB+ group; p = 0.006, Table 1). 
Furthermore, the use of food supplements was 
more frequently reported in the ATB+ group 
than in the ATB− group (27.7% versus 10.4%, 
respectively; p < 0.001, Table 1).

Of the 112 patients in the ATB+ group and the 
260 patients in the ATB− group, respectively 81 

(72.3%) and 146 (56.2%) died during the study 
period. The median (95% CI) OS time was signifi-
cantly lower in the ATB+ group than in the ATB− 
group [39.3 (30.9–54.1) versus 96.9 (64.1–152.4) 
weeks, respectively; crude hazard ratio (HR) (95% 
CI): 1.75 (1.33–2.30); p < 0.001 in a log-rank test; 
Figure 1]. The duration of ATB administration 
did not influence OS [median (95% CI) OS time: 
39.8 (30.9–71.1) weeks in patients with an ATB 
duration <14.5 days versus 39.3 (26.0–56.9) weeks 
in patients with an ATB duration >14.5 days; 
crude HR (95% CI): 0.99 (0.64–1.53), p = 1.000 
in a log-rank test, Supplementary Figure S1]. 
Intravenous ATB administration was associated 
with poorer OS than oral ATB administration 
[median (95% CI) OS time: 31.1 (21.7–53.6) ver-
sus 42.7 (33.1–75.3) respectively; crude HR (95% 
CI): 1.59 (1.02–2.49), p = 0.040 in a log-rank test, 
Supplementary Figure S2]. The results of the mul-
tivariate analysis confirmed these trends; OS was 
significantly shorter in the ATB+ group than in 
the ATB− group [adjusted HR (95% CI): 1.38 
(1.00–1.90); p = 0.048]. Furthermore, a higher 
ECOG performance status was associated with a 
shorter survival time [adjusted HR (95% CI): 2.73 
(1.92–3.89), p < 0.001], as was the use of corticos-
teroids for an indication other than an irAE 
[adjusted HR (95% CI): 1.33 (1.04–2.19), 
p = 0.046] but not for an irAE [adjusted HR (95% 
CI): 1.03 (0.55–1.94), p = 0.926, Table 3].

The proportion of responders was higher in the 
ATB− group than in the ATB+ group (33.1% 
versus 8.1% respectively; p < 0.001, Figure 2). 
After adjustment for confounding variables, the 
logistic regression analysis confirmed this trend 
[adjusted OR (95% CI): 6.06 (2.80–14.53), 
p < 0.001]. Furthermore, a higher ECOG perfor-
mance status was associated with a worse tumor 
response [adjusted OR (95% CI): 2.71 (1.17–
6.93), p = 0.026], as was the use of corticosteroids 
for an indication other than an irAE [adjusted OR 
(95% CI): 1.90 (1.03–5.45), p = 0.048] but not 
for an irAE [adjusted HR (95% CI): 1.57 (0.48–
6.05), p = 0.480, Table 4].

Regarding ATB use, the results were similar when 
adding the variables diabetes mellitus, hyperten-
sion, dyslipidemia, the number of metastatic sites 
and the number of lines of ICI treatment to the 
models [adjusted HR (95% CI): 1.34 (1.05–
1.85), p = 0.045 for OS, Supplementary Table 
S1; adjusted OR (95% CI): 5.97 (2.70–14.57), 
p < 0.001 for the tumor response, Supplementary 
Table S2].
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Table 2.  Description of infections and ATBs.

ATB therapy group n = 112

Indication for ATBs

  Infection site

    Lungs, n (%) 46 (41.1)

    Skin, n (%) 9 (8.0)

    Oropharyngeal tract or dental, n (%) 4 (3.6)

    Urinary tract, n (%) 7 (6.2)

    Digestive tract, n (%) 3 (2.7)

    Osteitis, n (%) 1 (0.9)

    Sepsis, n (%) 18 (16.1)

  Prophylactic ATB therapy, n (%) 4 (3.6)

  Unknown indication, n (%) 20 (17.9)

Severity of infection

  Nonsystemic infection, n (%) 47 (42.0)

  SIRS, n (%) 25 (22.3)

  Sepsis, n (%) 10 (8.9)

  Severe sepsis, n (%) 3 (2.7)

  Septic shock, n (%) 2 (1.8)

  Hospitalization due to infection, n (%) 44 (39.3)

    Intensive care, n (%) 3 (2.7)

ATBs

  Administration route

    Intravenous, n (%) 39 (34.8)

    Oral, n (%) 73 (65.2)

  First-line treatment n = 112

    Amoxicillin, n (%) 10 (8.9)

    Amoxicillin + metronidazole, n (%) 1 (0.9)

    Amoxicillin + clarithromycin + metronidazole, n (%) 1 (0.9)

    Amoxicillin/clavulanic acid, n (%) 51 (45.5)

    Amoxicillin/clavulanic acid + ciprofloxacin, n (%) 1 (0.9)

    Amoxicillin/clavulanic acid + metronidazole, n (%) 1 (0.9)

    Azithromycin, n (%) 1 (0.9)

    Cefazolin, n (%) 1 (0.9)

    Cefpodoxime, n (%) 1 (0.9)

    Ceftazidime + ciprofloxacin, n (%) 1 (0.9)

(Continued)
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ATB therapy group n = 112

    Ceftriaxone, n (%) 4 (3.7)

    Ceftriaxone + metronidazole, n (%) 3 (2.8)

    Ceftriaxone + spiramycin, n (%) 1 (0.9)

    Cefuroxime, n (%) 3 (2.8)

    Ciprofloxacin, n (%) 1 (0.9)

    Ciprofloxacin + clindamycin, n (%) 1 (0.9)

    Ciprofloxacin + piperacillin/tazobactam, n (%) 1 (0.9)

    Cotrimoxazole, n (%) 3 (2.8)

    Daptomycin, n (%) 1 (0.9)

    Daptomycin + cefepime, n (%) 1 (0.9)

    Doxycycline, n (%) 5 (4.5)

    Doxycycline + levofloxacin, n (%) 1 (0.9)

    Imipenem/cilastatin + amikacin, n (%) 1 (0.9)

    Levofloxacin, n (%) 2 (1.8)

    Metronidazole, n (%) 1 (0.9)

    Piperacillin/tazobactam, n (%) 4 (3.7)

    Piperacillin/tazobactam + amikacin, n (%) 2 (1.8)

    Piperacillin/tazobactam + amikacin + spiramycin, n (%) 1 (0.9)

    Piperacillin/tazobactam + gentamicin + daptomycin, n (%) 1 (0.9)

    Piperacillin/tazobactam + gentamicin + vancomycin, n (%) 1 (0.9)

    Pristinamycin, n (%) 3 (2.8)

    Roxithromycin, n (%) 1 (0.9)

  Second-line treatment n = 36

    Amoxicillin, n (%) 2 (5.5)

    Amoxicillin/clavulanic acid, n (%) 11 (30.5)

    Amoxicillin/clavulanic acid + vancomycin, n (%) 1 (2.8)

    Cefepime, n (%) 1 (2.8)

    Cefixime, n (%) 1 (2.8)

    Ceftazidime, n (%) 1 (2.8)

    Ceftriaxone, n (%) 1 (2.8)

    Ceftriaxone + metronidazole, n (%) 1 (2.8)

    Ciprofloxacin, n (%) 3 (8.2)

Table 2.  (Continued)

(Continued)

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

10	 journals.sagepub.com/home/tam

ATB therapy group n = 112

    Ciprofloxacin + metronidazole, n (%) 1 (2.8)

    Cotrimoxazole, n (%) 1 (2.8)

    Imipenem/cilastatin + amikacin, n (%) 1 (2.8)

    Linezolid, n (%) 2 (5.5)

    Linezolid + amoxicillin, n (%) 1 (2.8)

    Linezolid + imipenem/cilastatin 1 (2.8)

    Metronidazole, n (%) 2 (5.5)

    Piperacillin/tazobactam, n (%) 1 (2.8)

    Piperacillin/tazobactam + ciprofloxacin, n (%) 1 (2.8)

    Roxithromycin, n (%) 1 (2.8)

    Telithromycin, n (%) 1 (2.8)

    Vancomycin, n (%) 1 (2.8)

  Third-line treatment n = 10

    Amoxicillin/clavulanic acid, n (%) 1 (10.0)

    Ceftozolane/tazobactam + cefepime, n (%) 1 (10.0)

    Ceftriaxone, n (%) 1 (10.0)

    Ceftriaxone + spiramycin, n (%) 1 (10.0)

    Gentamicin, n (%) 1 (10.0)

    Piperacillin/tazobactam, n (%) 2 (20.0)

    Piperacillin/tazobactam + ciprofloxacin, n (%) 1 (10.0)

    Roxithromycin, n (%) 1 (10.0)

    Spiramycin 1 (10.0)

  Fourth-line treatment n = 1

    Ceftriaxone + spiramycin, n (%) 1 (100)

  Fifth-line treatment n = 1

    Amikacin + ceftazidime, n (%) 1 (100)

Discontinuation of ICI due to infection, n (%) 24 (21.4)

Time between infection and death or loss to follow-up n = 88

  <4 weeks, n (%) 9 (10.2)

  >4 weeks, n (%) 79 (89.8)

ATB, antibiotic; ICI, immune checkpoint inhibitor; SIRS, systemic inflammatory response syndrome. 

Table 2.  (Continued)
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The results of sensitivity analyses of patients 
exposed to ATBs in the 30 or 60 days preceding 
or following ICI initiation confirmed these trends. 
The median OS time was shorter (1) in the 
ATB+30 group than in the ATB−30 group [36.1 
(26.0–46.9) versus 83.3 (63.6–131.1) respec-
tively, crude HR (95% CI): 1.87 (1.38–2.53), 
p < 0.001 in a log-rank test, Supplementary 
Figure S3(a)] and (2) in the ATB+60 group than 
in the ATB−60 group [37.6 (27.3–49.3) versus 
96.9 (63.6–141.4) weeks respectively; crude HR 
(95% CI): 1.79 (1.35–2.37), p < 0.001 in a log-
rank test, Supplementary Figure S3(b)]. In Cox 
proportional hazards models, ATB exposure 
within 30 days was still associated with poorer OS 
[adjusted HR (95% CI): 1.67 (1.17–2.38), 
p = 0.004, Supplementary Table S3], as was ATB 
exposure in the 60 days [adjusted HR (95% CI): 
1.47 (1.05–2.04), p = 0.022, Supplementary 
Table S4]. The proportion of responders was 
lower (1) in the ATB+30 group than in the 
ATB−30 group [10.5% versus 29.4% versus 
respectively; p = 0.003, Supplementary Figure 
S4(a)] and (2) in the ATB+60 group than in the 
ATB−60 group [9.0% versus 31.6%, respectively; 
p < 0.001, Supplementary Figure S4(b)]. The 

results of multivariate analyses showed that ATB 
exposure within 30 days was still associated with a 
worse tumor response [adjusted OR (95% CI): 
3.11 (1.37–7.92), p = 0.011, Supplementary 
Table S5] as well as ATB exposure in the 60 days 
[adjusted OR (95% CI): 4.21 (1.95–10.05), 
p < 0.001, Supplementary Table S6].

In a sensitivity analysis that excluded patients 
who died within 4 weeks of ATB discontinuation 
(n = 9), OS was shorter in the ATB+ group than 
in the ATB− group [median (95% CI) OS time: 
43.0 (36.1–56.9) versus 96.9 (64.1–152.4) weeks, 
respectively; crude HR (95% CI): 1.59 (1.19–
2.12); p = 0.001 in a log-rank test; Supplementary 
Figure S5(a)]. There was no significant differ-
ence in OS between (1) patients having discon-
tinued the ICI due to the infection and those not 
having discontinued the ICI [median (95% CI) 
OS time: 31.1 (23.7–NA) versus 39.9 (30.9–54.7) 
weeks, respectively; crude HR (95% CI): 1.06 
(0.62–1.81), p = 0.840 in a log-rank test, 
Supplementary Figure S5(b)], (2) patients hospi-
talized for an infection and those not hospitalized 
[median (95% CI) OS time: 26.9 (22.3–46.9) 
versus 49.3 (36.1–68.9) weeks, respectively; 

Figure 1.  OS as a function of ATB use (the ATB− group versus the ATB+ group).
ATB, antibiotic; OS, overall survival.
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Table 3.  Univariate and multivariate analysis of overall survival (Cox regression model).

N (%) Crude model Adjusted model

  HR (95% CI) p-value HR (95% CI) p-value

Age 372 (100) 1.00 (0.99–1.01) 0.556 1.01 (0.99–1.02) 0.307

Body mass index 372 (100) 0.95 (0.93–0.98) <0.001 0.99 (0.95–1.02) 0.402

Sex

  Male 244 (65.6) Reference Reference  

  Female 128 (34.4) 0.80 (0.60–1.06) 0.100 0.80 (0.57–1.10) 0.172

Smoking

  Never 104 (28.0) Reference Reference  

  Current or past 268 (72.0) 1.65 (1.22–2.26) 0.001 0.98 (0.65–1.49) 0.936

Alcohol consumption

  No 247 (66.4) Reference Reference  

  Yes 125 (33.6) 1.57 (1.20–2.06) <0.001 1.20 (0.85–1.70) 0.303

History of cardiovascular disease

  Absence of cardiovascular disease 269 (72.3) Reference Reference  

  Presence of cardiovascular disease 103 (27.7) 1.10 (0.82–1.46) 0.500 0.85 (0.62–1.16) 0.299

Type of cancer

  Lung 166 (44.6) Reference Reference  

  Melanoma 110 (29.6) 0.45 (0.32–0.63) <0.001 1.14 (0.61–2.15) 0.677

  Renal and urothelial 27 (7.3) 0.76 (0.45–1.28) 0.306 0.89 (0.38–2.11) 0.789

  Head and neck 48 (12.9) 1.05 (0.70–1.57) 0.824 0.69 (0.43–1.12) 0.129

  Hodgkin lymphoma 5 (1.3) 0.45 (0.11–1.81) 0.260 0.47 (0.11–2.07) 0.318

  Digestive 4 (1.1) 6.08 (2.19–16.85) <0.001 4.03 (1.22–13.37) 0.023

  Cutaneous squamous cell carcinoma 1 (0.3) 3.27 (0.45–23.58) 0.240 5.70 (0.69–49.80) 0.105

  Adenocarcinoma of unknown primary 5 (1.3) 0.46 (0.11–1.86) 0.275 0.66 (0.16–2.79) 0.572

 � Squamous cell carcinoma of unknown 
primary

5 (1.3) 0.86 (0.27–2.70) 0.794 0.34 (0.10–1.16) 0.084

  Porocarcinoma 1 (0.3) 2.11 (0.29–15.15) 0.459 2.80 (0.33–23.69) 0.343

Cancer duration 372 (100) 1.00 (0.99–1.00) 0.081 1.00 (0.99–1.00) 0.337

ECOG performance status

  0–1 295 (79.3) Reference Reference  

  2–4 77 (20.7) 2.90 (2.15–3.90) <0.001 2.73 (1.92–3.89) <0.001

(Continued)
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N (%) Crude model Adjusted model

  HR (95% CI) p-value HR (95% CI) p-value

Metastatic cancer

  No 96 (25.8) Reference Reference  

  Yes 276 (74.2) 0.74 (0.55–0.98) 0.040 0.89 (0.62–1.28) 0.538

Brain metastasis

  No 343 (92.2) Reference Reference  

  Yes 29 (7.8) 1.13 (0.70–1.83) 0.600 1.25 (0.70–2.23) 0.453

Prior conventional chemotherapy

  No 153 (41.1) Reference Reference  

  Yes 219 (58.9) 1.72 (1.30–2.28) <0.001 1.53 (0.95–2.46) 0.081

Prior targeted chemotherapy

  No 306 (82.3) Reference Reference  

  Yes 66 (17.7) 1.17 (0.83–1.63) 0.400 1.27 (0.78–2.07) 0.338

ICIs

  Nivolumab 217 (58.3) Reference Reference  

  Pembrolizumab 130 (34.9) 0.58 (0.43–0.77) <0.001 0.64 (0.44–0.94) 0.023

  Ipilimumab 15 (4.0) 0.36 (0.17–0.78) 0.009 0.46 (0.18–1.15) 0.096

  Nivolumab + ipilimumab 10 (2.7) 0.56 (0.21–1.50) 0.247 1.07 (0.36–3.24) 0.900

ATB use

  No 260 (69.9) Reference Reference  

  Yes 112 (30.1) 1.75 (1.33–2.30) <0.001 1.38 (1.00–1.90) 0.048

PPI use

  No 223 (59.9) Reference Reference  

  Yes 149 (40.1) 0.84 (0.54–1.29) 0.150 0.80 (0.60–1.08) 0.148

Opioid use

  No 199 (53.5) Reference Reference  

  Yes 173 (46.5) 1.82 (1.40–2.37) <0.001 1.33 (0.99–1.79) 0.057

Metformin use

  No 355 (95.4) Reference Reference  

  Yes 17 (4.6) 0.77 (0.40–1.51) 0.500 0.75 (0.36–1.58) 0.455

Table 3.  (Continued)
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Figure 2.  The best overall tumor response as a function of ATB use (the ATB− group versus the ATB+ group).
ATB, antibiotic; CR, complete response; PD, progression of disease; PR, partial response; SD, stable disease.

N (%) Crude model Adjusted model

  HR (95% CI) p-value HR (95% CI) p-value

Levothyrox use

  No 332 (89.2) Reference Reference  

  Yes 40 (10.8) 0.83 (0.54–1.29) 0.400 1.06 (0.65–1.72) 0.822

Oral corticosteroid use for an irAE

  No 351 (94.4) Reference Reference  

  Yes 21 (5.6) 1.25 (0.53–1.71) 0.900 1.03 (0.55–1.94) 0.926

Oral corticosteroid use for another indication

  No 316 (84.9) Reference Reference  

  Yes 56 (15.1) 1.35 (0.96–1.90) 0.087 1.33 (1.04–2.19) 0.046

Use of food supplements

  No 314 (84.4) Reference Reference  

  Yes 58 (15.6) 1.58 (1.13–2.22) 0.007 1.00 (0.68–1.47) 0.990

ATB, antibiotic; AVK, anti-vitamin K; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; ICI, immune checkpoint 
inhibitor; irAE, immune-related adverse event; NSAID: nonsteroidal anti-inflammatory drug; PPI, proton pump inhibitor. 

Table 3.  (Continued)

https://journals.sagepub.com/home/tam


L Gaucher, L Adda et al.

journals.sagepub.com/home/tam	 15

Table 4.  Univariate and multivariate analysis (logistic regression) of the tumor response (comparison of nonresponders with 
responders, according to the RECIST 1.1 criteria).

N (%)* Crude model Adjusted model

  OR (95% CI) p-value OR (95% CI) p-value

Age 362 (100) 1.00 (0.99–1.02) 0.640 1.01 (0.99–1.04) 0.307

Body mass index 362 (100) 0.94 (0.90–0.98) 0.003 1.00 (0.94–1.05) 0.867

Sex

  Male 237 (65.5) Reference Reference  

  Female 125 (34.5) 0.73 (0.45–1.18) 0.193 0.68 (0.36–1.30) 0.241

Smoking

  Never 101 (27.9) Reference Reference  

  Current or past 261 (72.1) 1.78 (1.07–2.93) 0.025 0.75 (0.35–1.62) 0.471

Alcohol consumption

  No 239 (66.0) Reference Reference  

  Yes 123 (34.0) 1.51 (0.91–2.57) 0.115 0.87 (0.42–1.78) 0.693

History of cardiovascular disease

  Absence of cardiovascular disease 263 (72.7) Reference Reference  

  Presence of cardiovascular disease 99 (27.3) 1.45 (0.85–2.57) 0.183 1.08 (0.55–2.16) 0.824

Type of cancer

  Lung 158 (43.6) 2.27 (1.39–3.80) 0.001 0.80 (0.19–2.73) 0.738

  Melanoma 108 (29.3) 0.28 (0.17–0.46) <0.001 0.77 (0.16–3.25) 0.730

  Renal and urothelial 27 (7.5) 1.61 (0.64–4.94) 0.347 2.10 (0.29–14.73) 0.457

  Head and neck 48 (13.3) 1.22 (0.62–2.63) 0.574 0.54 (0.10–2.40) 0.429

Cancer duration 362 (100) 0.99 (0.99–1.00) 0.045 0.99 (0.99–1.00) 0.055

ECOG performance status

  0–1 288 (79.6) Reference Reference  

  2–4 74 (20.4) 3.57 (1.73–8.35) 0.001 2.71 (1.17–6.93) 0.026

Metastatic cancer

  No 95 (26.2) Reference Reference  

  Yes 267 (73.8) 0.87 (0.50–1.47) 0.600 1.23 (0.59–2.56) 0.580

Brain metastasis

  No 335 (92.5) Reference Reference  

  Yes 27 (7.5) 1.27 (0.52–3.54) 0.622 1.86 (0.55–6.98) 0.334

Prior conventional chemotherapy

  No 151 (41.7) Reference Reference  

  Yes 211 (58.3) 2.60 (1.62–4.22) <0.001 1.82 (0.76–4.35) 0.175

(Continued)
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N (%)* Crude model Adjusted model

  OR (95% CI) p-value OR (95% CI) p-value

Prior targeted chemotherapy

  No 296 (81.8) Reference Reference  

  Yes 66 (18.2) 1.03 (0.57–1.94) 0.921 0.95 (0.39–2.40) 0.917

ICIs

  Nivolumab 209 (57.7) Reference Reference  

  Pembrolizumab 128 (35.4) 0.48 (0.29–0.80) 0.004 0.73 (0.34–1.56) 0.408

  Ipilimumab 15 (4.1) 0.49 (0.16–1.64) 0.212 1.23 (0.28–5.69) 0.780

  Nivolumab + ipilimumab 10 (2.8) 0.16 (0.04–0.60) 0.007 0.24 (0.04–1.31) 0.107

ATB use

  No 253 (69.9) Reference Reference  

  Yes 109 (30.1) 5.72 (2.90–12.67) <0.001 6.06 (2.80–14.53) <0.001

PPI use

  No 217 (59.4) Reference Reference  

  Yes 145 (40.6) 1.87 (1.14–3.12) 0.015 1.57 (0.85–2.91) 0.150

Opioid use

  No 195 (53.9) Reference Reference  

  Yes 167 (46.1) 2.60 (1.59–4.34) <0.001 1.63 (0.88–3.06) 0.123

Metformin use

  No 345 (95.3) Reference Reference  

  Yes 17 (4.7) 0.38 (0.14–1.04) 0.053 0.51 (0.14–1.76) 0.283

Levothyroxine use

  No 323 (89.2) Reference Reference  

  Yes 39 (10.8) 0.89 (0.44–1.95) 0.768 1.44 (0.58–3.71) 0.434

Oral corticosteroid use for an irAE

  No 341 (94.2) Reference Reference  

  Yes 21 (5.8) 0.88 (0.35–2.54) 0.803 1.57 (0.48–6.05) 0.480

Oral corticosteroid use for another indication

  No 311 (85.9) Reference Reference  

  Yes 51 (14.1) 2.48 (1.14–6.21) 0.033 1.90 (1.03–5.45) 0.048

Use of food supplements

  No 304 (84.0) Reference Reference  

  Yes 58 (16.0) 5.77 (2.28–19.45) 0.001 3.40 (1.14–13.09) 0.045

*10 patients were excluded from the analysis because of missing data for the best overall response.
ATB, antibiotic; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; ICI, immune checkpoint inhibitor; irAE, immune-related 
adverse event; OR, odds ratio; PPI, proton pump inhibitor. 

Table 4.  (Continued)
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crude HR (95% CI): 1.48 (0.95–2.30), log-rank 
p = 0.081, Supplementary Figure S5(c)], or (3) 
patients with a severe infection and those with a 
mild infection [median (95% CI) OS time: 26.9 
(23.7–59.9) versus 45.6 (33.3–64.1) weeks, 
respectively; crude HR (95% CI): 1.31 (0.83–
2.05), p = 0.240 in a log-rank test, Supplementary 
Figure S5(d)].

OS did not differ in patients treated with amoxi-
cillin or amoxicillin/clavulanic acid (n = 70) versus 
patients treated with other ATBs [n = 42; median 
(95% CI) OS time: 40.1 (27.3–56.9) versus 37.6 
(26.6–64.1) weeks, respectively; crude HR (95% 
CI): 0.91 (0.58–1.42), p = 0.700 in a log-rank 
test]. Furthermore, OS was significantly lower in 
patients treated with amoxicillin or amoxicillin/
clavulanic acid than in patients in the ATB− 
group [median (95% CI) OS time: 40.1 (27.3–
56.9) versus 96.9 (64.1–152.4) weeks, respectively; 
crude HR (95% CI): 1.69 (1.22–2.34), p = 0.001 
in a log-rank test]. Lastly, OS did not differ in 
patients treated with amoxicillin (n = 9) versus 
those treated with amoxicillin/clavulanic acid 
[n = 61; median (95% CI) OS time: 31.0 (21.0–
NA) versus 42.7 (27.3–NA) weeks, respectively; 
crude HR (95% CI): 0.68 (0.32–1.46), p = 0.330 
in a log-rank test, Supplementary Figure S6].

Patients with melanoma.  Overall, 16 of the 
110 patients in the melanoma subgroup (14.5%) 
received ATBs. The baseline characteristics were 
similar in the ATB− and ATB+ groups, except 
that the proportion of PPI users was lower in the 
ATB+ group than in the ATB− group (12.5% 
versus 39.4%, respectively; p = 0.048, Supplemen-
tary, Table S7). OS was shorter in the melanoma 
ATB+ group than in the melanoma ATB− group 
[median (95% CI) OS time: 68.9 (21.3–NA) 
versus 291.0 (128.9–NA) weeks, respectively; 
crude HR (95% CI): 2.27 (1.09–4.71), log-
rank p = 0.024, Supplementary Figure S7]. The 
Cox proportional hazards model confirmed this 
result [adjusted HR (95% CI): 2.60 (1.06–6.39), 
p = 0.037]. Furthermore, the use or oral corticos-
teroids for an indication other than an irAE was 
associated with significantly poorer OS [adjusted 
HR (95% CI): 4.84 (1.86–12.64), p < 0.001], 
whereas the use of corticosteroids for an irAE was 
not [adjusted HR (95% CI): 3.33 (0.61–18.30), 
p = 0.167, Supplementary, Table S8].

The proportion of responders was higher in the 
melanoma ATB− group than in the melanoma 

ATB+ group (46.8% versus 25.0%) but this dif-
ference was not significant (p = 0.116, Supple
mentary Figure S8). After adjustment for 
confounding variables, the logistic regression 
analysis showed a significant association between 
ATB use and a worse tumor response [adjusted 
OR (95% CI): 4.41 (1.04–22.80), p = 0.045]. 
Furthermore, the use of corticosteroids for an 
indication other than an irAE was associated with 
a worse tumor response [adjusted OR (95% CI): 
4.97 (1.05–65.83), p = 0.039] whereas the use of 
corticosteroids for an irAE was not [adjusted 
HR (95% CI): 1.96 (0.15–31.10), p = 0.609, 
Supplementary Table S9].

Other drugs.  OS did not differ significantly when 
comparing patients having received NSAIDs, 
PPIs, statins, AVK anticoagulants, levothyroxine, 
cholecalciferol, phloroglucinol, metformin or 
antiarrhythmics with patients not having received 
these drugs (Supplementary Figure S9). The 
same was true for the tumor response, except for 
patients treated with PPIs (response rate: 18.8% 
versus 30.1% in the other patients; p = 0.036) or 
metformin (response rate: 47.1% versus 24.5% in 
the other patients; p = 0.020; Supplementary Fig-
ure S10). Since only one patient received psycho-
tropic medication (escitalopram), we did not 
analyze that drug class.

In patients treated with opioids (the Opioids+ 
group), the median (95% CI) OS time was signifi-
cantly shorter than in patient who were not treated 
with opioids [the Opioids− group; 36.6 (26.6–48.1) 
versus 126.4 (77.7–168.4) weeks, respectively; crude 
HR (95% CI): 1.82 (1.40–2.37), p < 0.001, 
Supplementary Figure S9(d)]. Moreover, the 
response rate in the Opioids+ group was lower than 
in the Opioids− group [16.2 versus 33.7, respec-
tively; p < 0.001, Supplementary Figure S10(d)]. In 
bivariate analyses, patients in the Opioids+ group 
had a worse prognosis than patients in the Opioids− 
group: the mean ± SD BMI was lower (23.5 ± 5.0 
versus 25.9 ± 5.6, respectively; p < 0.001), the prev-
alence of smoking was higher (82.1% versus 63.3%, 
respectively; p < 0.001), the prevalence of alcohol 
consumption was higher (39.3% versus 28.6%, 
respectively; p = 0.039) and the proportion of 
patients with a poor ECOG performance status was 
higher (31.2% versus 11.4%, p < 0.001, respectively; 
Supplementary, Table S10). This trend was no 
longer significant after adjustment for confounding 
factors [adjusted HR (95% CI): 1.33 (0.99–1.79), 
p = 0.057, Table 3].
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The characteristics of patients taking NSAIDs, 
PPIs, statin, AVK, levothyroxine, cholecalciferol, 
antiarrhythmic, metformin, phloroglucinol or 
corticosteroids are summarized in Supplementary 
Tables S10–S20.

Discussion
Our present results showed that in a population 
of patients receiving ICIs (regardless of the indi-
cation), treatment with ATBs was associated with 
poorer OS [adjusted HR (95% CI): 1.38 (1.00–
1.90); p = 0.048] and a worse tumor response 
[adjusted OR (95% CI): 6.06 (2.80–14.53), 
p < 0.001]. These findings are in line with some 
of the literature data,10,16,17,19,22 with a similar 
effect size (the adjusted HR) for OS. However, 
other studies have not found a negative associa-
tion between ATB use and OS or the tumor 
response.15,20,21 There are several possible expla-
nations for this disparity in the literature data. 
Firstly, it is difficult to set an optimal time cut-off 
when considering whether or not ATB use influ-
ences the effectiveness of ICIs. For example, the 
findings of Derosa et al.22 varied as a function of 
the cut-off: ATBs were associated with poorer OS 
when the treatment was initiated 30 days before 
ICI initiation but not when the cut-off considered 
was 60 days. This prompted us to take account of 
the time needed for the gut microbiota to recover 
after ATB discontinuation (according to the lit-
erature) for each molecule.13 However, the results 
of our sensitivity analyses showed poorer OS and 
a worse tumor response regardless of the cut-off 
(ATB exposure in the 30 or 60 days preceding or 
following ICI initiation). Secondly, the nature of 
the dysbiosis differs from one class of ATBs to 
another.13 For instance, vancomycin might boost 
the antitumor effects of CTLA-4 blockade, pre-
sumably by inducing an increase in the propor-
tion of Bacteroidales.14 Again, we took this 
parameter in account by consulting the literature 
data.13 Thirdly, the previously published studies 
did not consider indication bias (i.e. with death 
being linked to the infection that prompted ATB 
use). In the present study, we minimized this bias 
by excluding patients who died or were lost to 
follow-up within 4 weeks of ATB discontinuation 
(considering that censorship could be linked to 
death); after this adjustment, the OS time was 
still shorter in the ATB+ group than in the ATB− 
group [crude HR (95% CI): 1.59 (1.19–2.12); 
p = 0.001]. Within the ATB+ group, there was no 
difference in OS between patients with severe 
infections [i.e. those requiring hospitalization 

(crude HR (95% CI): 1.48 (0.95–2.30), 
p = 0.081)] or who met the international criteria 
for sepsis39 [crude HR (95% CI): 1.31 (0.83–
2.05), p = 0.240] and the other patients, or 
between patients who discontinued ICIs as a 
result of the infection and the other patients 
[crude HR (95% CI): 1.06 (0.62–1.81), 
p = 0.840]. Hence, these factors did not explain 
why OS was worse in the ATB+ group. 
Furthermore, recent post hoc analyses of rand-
omized trials showed a negative impact of ATB 
use in patients treated with the anti-PD-L1 ate-
zolizumab, relative to those in the control arm 
(conventional chemotherapy), reinforcing the 
validity of our results.23,24

The vast majority of the previously cited studies 
focused on NSCLC, renal cell carcinoma or UC. 
Very few published studies have examined the 
impact of ATB use on OS and the tumor response 
in melanoma patients treated with ICIs. There 
were 10 patients with melanoma in Iglesias-
Santamaría’s study21 and 179 in the study of 
Tinsley et al.19 but neither of the studies specifi-
cally studied the association between ATB use 
and OS. In the present study, OS was lower in the 
ATB+ group than in the ATB− group when con-
sidering the 110 patients with melanoma [adjusted 
HR (95% CI): 2.60 (1.06–6.39), p = 0.037], and 
ATB use was associated with a worse tumor 
response in this population [adjusted OR (95% 
CI): 4.41 (1.04–22.80), p = 0.045], despite the 
fact that few (n = 16, 14.5%) had received ATBs. 
This finding emphasizes the significance of our 
results.

We also focused on patients receiving the  
β-lactamase inhibitor amoxicillin or amoxicillin/
clavulanic acid, since (1) these drugs might 
increase the abundance of the Bacteroidales and 
Bifidobacterium species in the gut microbiota,13 
which appear to boost the effectiveness of 
ICIs,10,14,37,38 and (2) this class of ATB is widely 
prescribed. However, in our population, the OS 
(95% CI) time was significantly shorter in the 
amoxicillin or amoxicillin/clavulanic acid group 
than in the ATB− group [40.1 (27.3–56.9) versus 
96.9 (64.1–152.4) weeks, respectively; crude HR 
(95% CI): 1.69 (1.22–2.34), p = 0.001 in a log-
rank test], showing that the use of these drugs is 
also associated with poorer clinical outcomes.

In the present study, exposure to other known 
dysbiosis-inducing drugs (except for opioids) was 
not associated with a difference in OS, perhaps 
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because of a low impact on the gut microbiota. 
However, it has been demonstrated that these 
drug classes induce dysbiosis. The use of PPIs is 
associated with a greater abundance of 
Bifidobacterium species,44 which might boost the 
effectiveness of ICIs, but also with a decrease in 
the alpha diversity of the gut microbiota. Alpha 
diversity appears to be associated with higher 
response rates in ICI-treated patients with mela-
noma.45,46 These changes in the gut microbiota 
result from a decrease in stomach acidity and the 
compounds direct effects.28,45–46 Retrospective 
studies have given conflicting results; some have 
shown poorer clinical outcomes in ICI-treated 
patients exposed to PPIs,47 while others did not 
show a significant association15,21 and yet others 
showed better clinical outcomes in this popula-
tion.48,49 In the present study, we failed to show 
an association between PPI use and clinical out-
comes (OS and the tumor response) in multivari-
ate analyses. However, recent post hoc analyses of 
randomized trials, with larger cohorts and with-
out the inherent biases of retrospective studies, 
showed a negative impact of PPI use on OS and 
progression-free survival in patients treated with 
ICIs compared with patients treated with conven-
tional chemotherapy.24,50 There are several possi-
ble explanations for these conflicting results. 
Firstly, the small sample size of retrospective 
studies, including ours, leads to a low statistical 
power and might prevent the identification of 
associations. Secondly, the heterogeneity of the 
population in retrospective studies (in terms of 
the type of cancer, the number of previous lines of 
chemotherapy, the type of ICI (anti-PD-L1 and 
anti-CTLA-4 agents) and the baseline character-
istics) might create issues that might not be 
addressed in the multivariate analyses and might 
increase residual confounding bias. Indeed, the 
randomized trials performed by Hopkins et al.50 
and by Chalabi et al.24 focused on patients with 
UC and NSCLC, respectively, and all the patients 
in the ICI arm were treated with the anti-PD-L1 
atelozumab. Moreover, all these patients were 
treatment-naïve or had been treated with only 
one or two cytotoxic chemotherapy regimens 
before inclusion in the trials, and none had 
received targeted chemotherapy. In contrast, 
some of patients in our cohort had received many 
lines of treatment, including targeted chemother-
apy. Indeed, the PPIs’ dysbiosis effect on ICI may 
be more pronounced during early lines of treat-
ment because late-stage tumor cells can evolve 
novel strategies to escape immunosurveillance.51

Opioid use might affect the composition of the 
gut microbiota by activating opioid receptors 
and thus reducing intestinal motility.34 
Moreover, tramadol shows bactericidal activity 
in vitro,52 and a clinical study has described opi-
oid-induced dysbiosis.35 In the present study, 
however, opioid use was associated with poorer 
OS in a univariate analysis but not in a multi-
variate analysis. In our population, patients 
treated with opioids had a worse prognosis (par-
ticularly with regard to ECOG performance sta-
tus) than those who were not. However, the use 
of opioids in patients with a worse prognosis 
might explain these findings. In Iglesias-
Santamaría’s study,21 opioid use was associated 
with poorer OS in a multivariate analysis 
[adjusted HR (95% CI): 3.63 (1.92–6.85); 
p < 0.001]. However, this difference might be 
due to the fact that (in contrast to the present 
study) Iglesias-Santamaría did not included 
ECOG performance status in the Cox model.

The present study also considered statins, 
NSAIDs, AVK anticoagulants, cholecalciferol, 
phloroglucinol, and antiarrhythmics, all of which 
are known to induce dysbiosis.26,28,31–33,46 We did 
not observe an association between the use of any 
of these drugs and OS. One can hypothesize that 
these drugs have less of an effect on the composi-
tion of the gut microbiota than ATBs do. 
Moreover, the low number of patients taking 
NSAIDs, AVK anticoagulants, phloroglucinol, 
metformin, and antiarrhythmics might have pre-
vented us from evidencing significant associa-
tions. With regard to metformin and statins 
(which appear to have a protective role on gut 
microbiota26,27), we failed to show a positive asso-
ciation with OS or the tumor response (except for 
metformin for the tumor response in bivariate 
analysis), as was also the case in the study of 
Failing et al.49 This absence of an association 
could be related to (1) the low number of patients 
treated with metformin in our cohort, as men-
tioned above, and (2) the indications of these 
drugs themselves (i.e. comorbidity factors).

We found that corticosteroid use for an indication 
other than an irAE was associated with poorer OS 
and a worse tumor response, whereas corticoster-
oid use for an irAE was not. The fact that patients 
who experience irAEs survive for longer than 
patients without irAEs might explain these 
results.53–55 This finding is in line with studies 
showing that (1) the early use of corticosteroids 
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(which is not related to irAEs) is harmful upon 
ICI initiation 40–42 and (2) the use of corticoster-
oids to treat irAEs during immunotherapy does 
not affect OS.56–58 Therefore, the fact that corti-
costeroids are not associated with poorer OS or a 
worse tumor response in the setting of an irAE 
argues that it is the indication for steroids and not 
the steroids themselves that affect OS. Further 
studies with a comparative arm are needed to 
explore this point.

Our study had several limitations. Firstly, the 
single-center, retrospective design resulted in 
inherent bias, including the heterogeneity of the 
study population. Secondly, data on several con-
founding factors for comorbidity in the general 
population (such as congestive heart failure, 
dementia, chronic lung disease, chronic kidney 
failure, connective disease, peptic ulcer, hemiple-
gia, cirrhosis, and HIV infection, as described in 
the Charlson index)59 are lacking. Furthermore, 
specific prognostic factors for cancer were miss-
ing, such as PD-L1 tumor proportion score, the 
tumor mutational burden, the Breslow thickness 
or the Clark index in melanoma population. 
Thirdly, in the absence of a comparator arm, it is 
difficult to affirm that the use of any drug class 
has an impact on treatment effectiveness, even 
though we sought to minimize indication bias 
much as possible by performing sensitivity analy-
ses. Fourthly, the study probably lacked statisti-
cal power for some of the analyses, especially 
with regards to NSAIDs, metformin, AVK anti-
coagulants, phloroglucinol, and antiarrhythmics. 
No power thresholds were predefined. Fifthly, 
we did not study the gut microbiota per se and so 
could not directly confirm the induction of dys-
biosis in our patients. Lastly, a number of factors 
known to influence the gut microbiota (such as 
diet, country of origin, and breast feeding) were 
not documented.

Conclusion
The use of ATBs (depending on their specific 
effects on the gut microbiota and the time needed 
for recovery of the latter following discontinua-
tion) is associated with poorer OS and a lower 
tumor response rate in patients treated with ICIs 
(especially in patients with melanoma), regardless 
of the severity of infection. ATBs should be used 
with caution in clinical practice, and the prescrib-
ing physician should always take account of the 
risk/benefit ratio.
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