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ABSTRACT

Background Some concomitant medications including
antibiotics (ATB) have been reproducibly associated with
worse survival following immune checkpoint inhibitors
(ICls) in unselected patients with non-small cell lung
cancer (NSCLC) (according to programmed death-ligand

1 (PD-L1) expression and treatment line). Whether such
relationship is causative or associative is matter of debate.
Methods We present the outcomes analysis according to
concomitant baseline medications (prior to ICl initiation)
with putative immune-modulatory effects in a large cohort
of patients with metastatic NSCLC with a PD-L1 expression
>50%, receiving first-line pembrolizumab monotherapy.
We also evaluated a control cohort of patients with
metastatic NSCLC treated with first-line chemotherapy.
The interaction between key medications and therapeutic
modality (pembrolizumab vs chemotherapy) was validated
in pooled multivariable analyses.

Results 950 and 595 patients were included in the
pembrolizumab and chemotherapy cohorts, respectively.
Corticosteroid and proton pump inhibitor (PPI) therapy

but not ATB therapy was associated with poorer
performance status at baseline in both the cohorts. No
association with clinical outcomes was found according

to baseline statin, aspirin, -blocker and metformin

1,43

within the pembrolizumab cohort. On the multivariable
analysis, ATB emerged as a strong predictor of worse
overall survival (0S) (HR=1.42 (95% Cl 1.13 t0 1.79);
p=0.0024), and progression free survival (PFS) (HR=1.29
(95% Cl 1.04 to 1.59); p=0.0192) in the pembrolizumab
but not in the chemotherapy cohort. Corticosteroids

were associated with shorter PFS (HR=1.69 (95% Cl
1.42 10 2.03); p<0.0001), and OS (HR=1.93 (95% Cl
1.59 t0 2.35); p<0.0001) following pembrolizumab, and
shorter PFS (HR=1.30 (95% Cl 1.08 to 1.56), p=0.0046)
and 0S (HR=1.58 (95% CI 1.29 to 1.94), p<0.0001),
following chemotherapy. PPIs were associated with worse
0S (HR=1.49 (95% CI 1.26 t0 1.77); p<0.0001) with
pembrolizumab and shorter 0S (HR=1.12 (95% Cl 1.02
to 1.24), p=0.0139), with chemotherapy. At the pooled
analysis, there was a statistically significant interaction
with treatment (pembrolizumab vs chemotherapy) for
corticosteroids (p=0.0020) and PPIs (p=0.0460) with
respect to 0S, for corticosteroids (p<0.0001), ATB
(p=0.0290), and PPIs (p=0.0487) with respect to PFS, and
only corticosteroids (p=0.0033) with respect to objective
response rate.

Conclusion In this study, we validate the significant
negative impact of ATB on pembrolizumab monotherapy
but not chemotherapy outcomes in NSCLC, producing
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further evidence about their underlying immune-modulatory effect.

Even though the magnitude of the impact of corticosteroids and PPIs is
significantly different across the cohorts, their effects might be driven by
adverse disease features.

INTRODUCTION

Several drugs have been investigated for their possible
detrimental effects on immune checkpoint inhibitors
(ICIs) clinical outcomes in patients with cancer.' Beyond
mere pharmacodynamic and pharmacokinetic interac-
tions, the putative immune-disrupting effect also relieson
the unbalancing of the gut microbiome® and on drug-
induced immune suppression.” While a number of studies
have now reproducibly shown that some concomitant
baseline medications such as corticosteroids, systemic
antibiotics (ATB) and proton pump inhibitors (PPIs),
are consistently linked with poor radiological response
and survival following ICIs across a number of oncolog-
ical indications,‘l_9 it is still unclear whether the mecha-
nisms underlying these associations are to be found in
the connection with adverse prognostic factors (ie, symp-
tomatic malignancy, disease burden, poorer performance
status or exacerbation of underlying chronic airways
disease) as opposed to a true immune-modulatory effect.

In a recent observational study of over 1000 ICI recip-
ients, ATB emerged as strong predictor of outcome,
irrespective of the indication for their administration
(prophylaxis vs treatment of active infections), whereas
corticosteroids were only associated with worse outcomes
if administered for palliative indications.'” Moreover, in
the same study population, both corticosteroids and PPIs
were significantly associated with a higher baseline burden
of disease,'” suggesting that the indication for prescrip-
tion of concomitant medications and their association
with negative prognostic features could be important
confounding factors assessing their supposed immune-
modulatory profile. ATB are usually indicated to treat
infections rather than cancerrelated symptoms, there-
fore the ATB-ICI paradigm might represent the proper
model to verify whether the effect on clinical outcomes
truly depends on an immune-modulatory effect.

In patients with non-small cell lung cancer (NSCLC),
alongside growing evidence from retrospective obser-
vational studies,* > "' a pooled analysis from the OAK
and POPLAR trials lent prospective confirmation that
baseline PPIs and ATB were associated with decreased
progression-free survival (PFS) and overall survival (OS)
in patients receiving atezolizumab, but not in patients
receiving docetaxel chemotherapy.” Patients with NSCLC
with high PD-L1 (programmed death-ligand 1) tumor
expression, who are candidate to frontline ICI mono-
therapy, might represent an intrinsically different popu-
lation with respect to clinicopathological characteristics,
including prevalence of ATB use (eg, no previous risk of
chemotherapy-induced neutropenia). To our knowledge,
there is no evidence to suggest whether the same associa-
tion has been confirmed in this setting.

To address these questions, we performed a retrospec-
tive clinical outcomes analysis according to some key base-
line medications among a large real-world multicenter
cohort of patients with metastatic NSCLC with a PD-L1
expression =50%,who received firstline single agent
pembrolizumab at 34 European institutions.””® As a
comparator arm, we performed the same analysis among
asecond cohort of patients with NSCLC treated with first-
line chemotherapy, in order to estimate their potential
different impact on clinical outcomes, depending on the
anti-cancer treatment received.

MATERIALS AND METHODS

Study design

The aim of this study was to evaluate the impact of
concomitant baseline medications postulated to affect
responsiveness to pembrolizumab monotherapy in a
cohort of patients with metastatic NSCLC with a PD-L1
expression >50% treated with first-line pembrolizumab
monotherapy outside clinical trials."*'° In total, 31 institu-
tions participated to the study (online supplemental table
S1) and retrospectively included patients treated from
January 2017 to May 2020. We accrued a second cohort
of metastatic epidermal growth factor receptor wild type
patients with NSCLC treated with first-line chemotherapy
as part of routine clinical practice from January 2013 to
May 2020, across 13 out of the 31 above-mentioned insti-
tutions." °

Study endpoint included objective response rate
(ORR), PFS and OS. Detailed methodology regarding
clinical outcomes estimation can be found elsewhere.'*
Data cut-off period was September 2020.

First, we evaluated the impact of each class of concomi-
tant baseline medications (corticosteroids, systemic ATB,
PPIs, statins, aspirin, B-blockers and metformin) on ORR,
PFS and OS within the pembrolizumab cohort. Those
medication categories which proved to be significantly
correlated with outcomes on the univariate analysis (with
an entry significance level of 0.05) were subsequently
evaluated in multivariable models. A fixed regression
model was used, including those covariates which already
proved to be major determinants of clinical outcomes
within the population on the basis of prior analyses.'*"®
The key covariates were age (<70vs 270 years old), gender
(male vs female), Eastern Cooperative Oncology Group-
Performance Status (ECOG-PS) (0-1 vs >2), smoking
status (current/former vs never smokers) presence of
central nervous system metastases (yes vs no), bone
metastases (yes vs no) and liver metastases (yes vs no). In
order to further evaluate the role of concomitant base-
line medication, we estimate the association with baseline
ECOG-PS for those who showed to be significantly related
with clinical outcomes."”

In parallel, we explored the impact of selected
concomitant baseline therapies on clinical outcomes of
patients receiving first-line chemotherapy on univariate
analysis. Finally, to take into account the differential
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impact of each medication within the two cohorts, we
performed a pooled analysis, using a multivariable
regression model (inclusive of the previously selected
covariates) for each drug category, including the inter-
action term between each drug class and the thera-
peutic modality (pembrolizumab vs chemotherapy),
used as covariate.

Concomitant baseline medications
Concomitant medication at the initiation of first-
line treatment was determined from patients’ clinical
records retrospectively. For the purpose of this study,
we focused on the following drug categories, in view
of their postulated effect on ICIs outcomes in cancer
patient:

» Corticosteroids (dose 210mg prednisone equivalent
per day, with a minimum 24 hours of dosing) within
the 30 days before firstline treatment initiation
(excluding chemotherapy pre-medications).”® !

» Systemic ATB within the 30 days before first-line treat-
ment initiation.” '

» Baseline PPIs.>"°

» Baseline statins (yes vs no).

» Baseline aspirin (considered as low-dose daily intake
for cardiovascular prevention) (yes vs no) Jo19

» Baseline B-blockers (yes vs no).!02#

» Baseline metformin (yes vs no) and other oral antidi-
abetics (yes vs no).'?#

1018

Statistical analysis

The sample size was estimated only for the pembroli-
zumab cohort, on the basis of the expected number of
patients on baseline ATB. We hypothesized a 10% prev-
alence of ATB therapy and assumed a possible survival
benefit for the non-ATB group with a reduction of the
risk of death by 55%. With a probability of type I error
of 0.05 and of type II error of 0.20, 255 total events were
necessary and at least 615 patients had to be recruited
overall from the original cohort.

Baseline patient characteristics were reported with
descriptive statistics (means, medians and proportions)
as appropriate. The %” test was used to compare categor-
ical variables and ORRs between the two cohorts, and to
evaluate the associations between concomitant baseline
medication and ECOG-PS. PFS and OS were evaluated
using the Kaplan-Meier method, with differences being
estimated using the log-rank test. Duration of follow-up
was calculated according to the reverse Kaplan-Meier
method. Logistic regression was used for the univariable
and multivariable analysis of ORR and to compute ORs
with 95% Cls. Cox proportional hazards regression was
used for the univariable and multivariable analysis of PFS
and OS and to compute the HRs with 95% CIs. The alpha
level for all analyses was set to p<0.05, without correction
for multiplicity. All statistical analyses were performed
using MedCalc Statistical Software V.19.3.1 (MedCalc
Software, Ostend, Belgium; https://www.medcalc.org;
2020).

RESULTS

Patient characteristics

In total, 950 patients were included in the pembroli-
zumab cohort, and 595 patients were included in the
chemotherapy cohort. Within the chemotherapy cohort,
545 patients (91.6%) received platinum-based doublets,
while 50 patients received single-agent chemotherapy
(8.4%). Table 1 summarizes patient characteristics and
concomitant baseline medications of both cohorts. There
was a significantly higher proportion of elderly patients
(270 years old) in the pembrolizumab cohort, compared
with the chemotherapy cohort (50.8% vs 40.2%,
p<0.0001), as well as of patients with an ECOG-PS >2
(17.4% vs 13.3%, p<0.0001). There was a lower propor-
tion of patients receiving baseline corticosteroids (24.0%
vs 29.9%, p=0.0102) and a higher proportion of patients
receiving beta-blockers (27.2% vs 19.2%, p=0.0003)
within the pembrolizumab cohort, compared with the
chemotherapy cohort. Overall, 307 patients (51.6%) in
the chemotherapy cohort received programmed death-1
(PD-1) /PD-L1 checkpoint inhibitors as later line of treat-
ment. The median follow-up was 21.8 months (95% CI
20.5 to 37.3) for the pembrolizumab cohort and 39.3
months (95%CI 33.1 to 86.7) for the chemotherapy
cohort. In both the pembrolizumab and chemotherapy
cohorts, a higher baseline ECOG-PS was significantly
associated with corticosteroids (p<0.0001and p=0.0001,
respectively) and PPIs (p=0.0192and p=0.0059, respec-
tively), but not with ATB (p=0.1209 and p=0.1285, respec-
tively) (online supplemental table S2).

Impact of baseline medications within the pembrolizumab
cohort

Table 2 summarizes the univariable and multivariable anal-
yses for ORR, PFS and OS according to each medication
category within the pembrolizumab cohort. Multivariable
analyses revealed baseline corticosteroids (OR=0.42 (95%
CI 0.28 to 0.62); p<0.0001), ATB (OR=0.57 (95% CI 0.37
to 0.87); p=0.0093) and PPIs (OR=0.63 (95% CI 0.48 to
0.84); p=0.0014) to significantly correlate with a reduced
probability of radiological response. Baseline corticoste-
roids (HR=1.69 (95% CI 1.42 to 2.03); p<0.0001), ATB
(HR=1.29 (95% CI 1.04 to 1.59); p=0.0192) and PPIs
(HR=1.32 (95% CI 1.13 to 1.54); p=0.0003) were also
significantly associated to a higher risk of disease progres-
sion. Concordantly, corticosteroids (HR=1.93 (95% CI
1.59 to 2.35); p<0.0001), ATB (HR=1.42 (95% CI 1.13
to 1.79); p=0.0024) and PPIs (HR=1.49 (95% CI 1.26 to
1.77); p<0.0001) were significantly related to a higher risk
of death. No association with clinical outcomes was found
according to baseline administration of statins, aspirin,
B-blockers, and metformin.

Different impact of baseline medications between the two
cohorts

Table 3 summarizes the univariable analyses of ORR, PFS
and OS according to baseline corticosteroids, ATB and
PPIs for both cohorts. Within the chemotherapy cohort,
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Table 1 Patient characteristics

Pembrolizumab cohort Chemotherapy cohort
950 N° (%) 595 N° (%)

Age (years) x> test
Median 701 67 p<0.0001
Range 28-92 31-91
Elderly (=70) 483 (50.8) 239 (40.2)

Gender p=0.4314
Male 625 (65.8) 403 (67.7)

Female 325 (34.2) 192 (32.3)

ECOG-PS p=0.0319
0-1 785 (82.6) 516 (86.7)
>2 165 (17.4) 79 (13.3)

Histology p=0.4097
Squamous 210 (22.1) 121 (20.3)

Non-squamous 740 (77.9) 474 (79.7)

Smoking status p=0.5094
Never smokers 103 (10.8) 71 (11.9)

Current/former smokers 847 (89.2) 524 (88.1)

CNS metastases p=0.9766
Yes 173 (18.2) 108 (18.2)

No 777 (81.8) 487 (81.8)

Bone metastases p=0.0753
Yes 319 (33.6) 174 (29.2)

No 631 (66.4) 421 (70.8)

Liver metastases p=0.5615
Yes 146 (15.4) 85 (14.3)

No 804 (84.6) 510 (85.7)

Corticosteroids p=0.0102
No 722 (76.1) 417 (70.1)

Yes 228 (24.0) 178 (29.9)

Antibiotics p=0.6475
No 819 (86.2) 508 (85.4)

Yes 131 (13.8) 87 (14.6)

PPIs p=0.1208
No 476 (50.1) 274 (46.1)

Yes 474 (49.9) 321 (53.69)

Statins p=0.0701
No 698 (73.5) 462 (77.6)

Yes 252 (26.5) 133 (22.4)

Aspirin p=0.0746
No 696 (73.3) 460 (77.3)

Yes 254 (26.7) 135 (22.7)

B-blockers p=0.0003
No 692 (72.8) 481 (80.8)

Yes 258 (27.2) 114 (19.2)

Metformin p=0.0556
No 825 (86.8) 536 (90.1)

Yes 125 (13.2) 59 (9.9)

CNS, central nervous system; ECOG-PS, Eastern Cooperative Oncology Group-Performance Status; PPIs, proton pump inhibitors.
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Table 2 Univariate and multivariate analyses of objective response rate, progression free survival and overall survival within
the pembrolizumab cohort according to each baseline medication

Objective response rate

Progression free survival

Overall survival

Univariate Multivariate Univariate Multivariate Univariate Multivariate

analysis analysis analysis analysis analysis analysis
Variable OR (95% Cl); aOR (95% Cl); HR (95% Cl); aHR (95% CI); HR (95% CI); aHR (95% CI);
(comparator) p value p value p value p value p value p value

Corticosteroids

0.42 (0.29 to 0.59);

0.42 (0.28 to 0.62);

1.89 (1.60 to 2.25);

1.69 (1.42 to 2.03);

2.15 (1.78 to 2.59);

1.93 (1.59 to 2.35);

Yes vs No p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001
Antibiotics 0.53 (0.35t0 0.81); 0.57 (0.37t00.87); 1.31(1.06t0 1.62); 1.29 (1.04t0 1.59);  1.47 (1.17 to 1.84); 1.42 (1.13 to 1.79);
Yes vs No p=0.0032 p=0.0093 p=0.0110 p=0.0192 p=0.0009 p=0.0024

PPIs 0.63 (0.47 10 0.82); 0.63 (0.48t0 0.84); 1.36 (1.17t0 1.59); 1.32(1.13to 1.54);  1.51 (1.28 to 1.80); 1.49 (1.26 to 1.77);
Yes vs No p=0.0008 p=0.0014 p=0.0001 p=0.0003 p<0.0001 p<0.0001

Statins 1.15(0.85t0 1.56); - 0.99 (0.83t0 1.17); - 1.06 (0.88 to 1.29); -

Yes vs No p=0.3407 p=0.9250 p=0.4908

Aspirin 1.21(0.89t0 1.63); - 1.01(0.85t0 1.20); - 1.06 (0.87 to 1.28); -

Yes vs No p=0.2240 p=0.8858 p=0.5264

B-blockers 1.17 (0.86t0 1.58); - 1.03(0.86to 1.22); - 1.03 (0.85 to 1.25); -

Yes vs No p=0.3000 p=0.7260 p=0.7085

Metformin 0.83 (0.55t0 1.24); - 1.03 (0.82t0 1.29); - 1.14 (0.89 to 1.46); -

Yes vs No p=0.3626 p=0.7545 p=0.2902

At the multivariate analysis, each drug category was adjusted for the pre-planned covariates separately. The pre-planned covariates were age (<70vs >70 years old), gender (male vs
female), Eastern Cooperative Oncology Group-Performance Status (0-1 vs >2), smoking status (current/former vs never smokers), central nervous system, metastases (yes vs no),

bone metastases (yes vs no) and liver metastases (yes vs no).
aHR, adjusted hazard ratio; aOR, adjusted odd ratio; PPIs, proton pump inhibitors.

neither corticosteroids (p=0.7618), ATB (p=0.5018), nor
PPIs (p=0.7292) were significantly associated with ORR.
Patients on corticosteroids had a significantly higher risk
of disease progression (HR=1.30 (95% CI 1.08 to 1.56),
p=0.0046) and death (HR=1.58 (95% CI 1.29 to 1.94),
p<0.0001), patients on PPIs had a significantly higher
risk of death (HR=1.12 (95% CI 1.02 to 1.24), p=0.0139),
but not of disease progression (HR=1.08 (95% CI 0.99
to 1.17), p=0.0711), while no significant association with
PFS (p=0.4200), nor with OS (p=0.1116) was found for
baseline ATB within the chemotherapy cohort. Table 3
also reports all the median PFS and OS values according
to baseline medications for both the cohorts, while
figures 1 and 2 report the survival curves for OS and PFS,
respectively.

Online supplemental tables S3—-S5 summarize the multi-
variable regression analyses from the pooled population
for OS, PFS and ORR, respectively. At the pooled analysis,
the interaction term with the therapeutic modality was
statistically significant for corticosteroids (p=0.0020) and
PPIs (p=0.0460) with respect to OS (online supplemental
table S3), for corticosteroids (p<0.0001), ATB (p=0.0290)
and PPIs (p=0.0487) with respect to PFS (online supple-
mental table S4), and only corticosteroids (p=0.0033)
with respect to ORR (online supplemental table S5).

DISCUSSION

PD-1 inhibitors have reshaped the landscape of NSCLC
treatment as a monotherapy and in combination with
chemotherapy. While PD-L1I is an imperfect biomarker,
patients with PD-L1 expression 250% are characterized
by a favorable response to pembrolizumab monotherapy

in first-line. However, PD-L1 expression status is not the
sole determinant of response, and concomitant baseline
medications may impair the effectiveness of ICI in this
exquisitely ICI-sensitive patient subpopulation.

This study is the first to offer a comprehensive anal-
ysis of the role of concomitant baseline medications in
a large, real-world cohort of patients with NSCLC with
a PD-L1 expression 250% treated with pembrolizumab
monotherapy. The most striking and practice-informing
finding is that antibiotic therapy exerts a detrimental
effect on ORR, PFS and OS exclusively in patients treated
with pembrolizumab monotherapy but not with chemo-
therapy. This is an important step forward in under-
standing the mechanistic basis of such relationship,
adding further evidence to the interpretation that ATB
might act as true immune-modulators rather than by
masking an unrecognized association with underlying
adverse prognostic features. Prescription of ATB was in
fact independent from patients’ performance status in
the study population. Additionally, two recent study have
independently confirmed that ATB therapy concordantly
affect the gut microbiome composition, impairing clinical
outcomes with ICI in renal cell carcinoma and patients
with NSCLC.***

Unlike ATB, corticosteroids and PPIs were associated
with worse outcome across therapeutic modality. Within
the chemotherapy cohort PPIs significantly affected OS,
and corticosteroids retain their negative effect on PFS
and OS. An important study published by Ricciuti et al''
has highlighted the relevance of indication for corti-
costeroid therapy in dictating their relationship with
prognosis, a finding that was replicated across different
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Figure 1

Kaplan-Meier survival estimates for overall survival according to the selected baseline medications within the two

cohorts. Pembrolizumab cohort: corticosteroids (A), antibiotics (B), proton pump inhibitors (PPIs) (C). Chemotherapy cohort:

corticosteroids (D), antibiotics (E), PPIs (F).

malignancies."” * While PPIs have been proposed to
modify the gut microbiome,” it should be noted that
this class of drugs is often coadministered with cortico-
steroids, making it difficult to fully appreciate whether
the detrimental role is linked to the effect of steroids.
However, for both corticosteroids and PPIs, we found a
statistically significant interaction with the type of anti-
cancer treatment. Our pooled analysis, confirmed that
even though concomitant baseline medications exert a
similar role within the two cohorts, the magnitude of
the effect was different between pembrolizumab and
chemotherapy treated patients.
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Interestingly, we did not report a significant inter-
action for ATB on OS, when therapeutic modality
(chemotherapy vs pembrolizumab) was tested as an
interaction term. This finding does not detract from the
analyses of ATB in the two independent cohorts, where
the effect of ATB on OS was restricted to ICI-recipients.
Patient heterogeneity and the relative small proportion
of patients on ATB in both cohorts might explain the
results. In addition, over 50% of chemotherapy recipi-
ents were subsequently treated with ICIs in second line,
highlighting that post-progression treatments might
have mitigated the differences across subgroups, while
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Figure 2 Kaplan-Meier survival estimates for progression free survival according to the selected baseline medications within
the two cohorts. Pembrolizumab cohort: corticosteroids (A), antibiotics (B), proton pump inhibitors (PPIs) (C). Chemotherapy

cohort: corticosteroids (D), antibiotics (E), PPIs (F).
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PFS analysis provide more reliable evidence on the
putative role of ATB.

Unlike previous studies, where baseline use of
B-blockers, aspirin and statins were somehow associ-
ated with improved outcomes,'” '"*' our analysis has
not reproduced these findings in NSCLC. Likewise, our
study further confirmed that metformin does not seem
affect response and survival of patients with NSCLC
receiving ICL'" Even though the alleged immune-
modulating effect of these medications have not been
reproducibly confirmed, these differences could be also
related to the differences between the study populations
(patients with NSCLC receiving first-line pembroli-
zumab only).

Our study acknowledges several limitations beyond
the retrospective design and the consequent selection
bias, which could have impaired also the retrieving
process about baseline medications. The chemotherapy
and pembrolizumab cohorts were biologically and clin-
ically heterogeneous, and their sample size was also
significantly different. As likely result of the clinicians’
attitude to reserve chemotherapy for fitter patients,
there was a higher proportion of elderly patients and
with an ECOG-PS 22 within the chemotherapy cohort.
While we purposely included among it, patients
receiving single agent chemotherapy, in order to
achieve a better balance regarding baseline functional
status, the majority of them was treated with platinum-
based doublets, which has historically been the standard
approach for first-line treatment of NSCLC. Our choice
might have affected the results too, as patients treated
with single agent chemotherapy might be character-
ized by unique features of frailty, eventually affecting
concomitant medications.

As other possible source of bias, we have to state
that even though we aimed at being comprehen-
sive with respect of baseline medications, some of
them, including PPIs, statins, aspirin, B-blockers and
metformin, are generally indefinite prescriptions, and
their exact time frame might be unretrievable also in
prospective clinical trials. Additionally, we were not able
to discriminate the potential different impact of timing
and duration (within the 30 days before pembroli-
zumab initiation) for neither corticosteroids nor ATB.
As specified within the methods, we excluded chemo-
therapy premedication with corticosteroids on purpose,
as it was administered to all the chemotherapy recipi-
ents and would thus have unabled any form of compar-
ative analysis. However, in the way we analyzed them,
corticosteroids retained their negative impact in both
the cohorts, preserving the interpretation of the results.
Moreover, immune-suppressive effects of corticoste-
roids are known to be dose and time-dependent.?” With
respect to ABT, even though some evidence suggested
that spectrum, duration and route have their own role
affecting the gut microbiome,” and also the admin-
istration within broader time ranges could affect the
outcome of patients with cancer treated with ICIs,”

we chose to collect them as previously done in similar
studies.” '’ Additionally, we specifically chose to collect
ATB up until first-line therapy initiation, excluding
concurrent ATB (within the first 30 days of treatment)
as done elsewhere,* ® in order to avoid the possible
lead-in time bias caused by the time-dependent nature
of any concomitant medication. Regretfully, we did not
have detailed data about specific antibiotic class within
out cohort.

We have to consider also the different time period
of data collection and the different median follow-up
of the two cohorts. Furthermore, even though it is
reasonable to think that PD-L1 expression does not
affect the impact of concomitant baseline medications
on clinical outcomes, we lack PD-L1 expression data
for the chemotherapy cohort, and it is plausible that
a greater sample size is needed to obtain a significant
effect according to a baseline characteristic (such as
concomitant medications) on clinical outcomes among
a biomarker selected population. Nevertheless, consid-
ering the real-world prevalence of PD-L1 expression in
NSCLC, we can presume that 30% of them had a high
PD-L1 tumor expression.”

CONCLUSION

In spite of the acknowledged limitations, our study
provides novel clinical evidence to support the detri-
mental effect of ATB in patients with NSCLC treated
with pembrolizumab monotherapy. Restriction of this
relationship to the pembrolizumab cohort adds indi-
rect but important confirmatory evidence as to their
potential immune-modulatory effect. While a direct
relationship between ATB and disruption of the gut
microbiome cannot be proven in our study, the differ-
ential effect seen for ATB, corticosteroids and PPIs
points towards different levels of biological plausibility
for their association with adverse outcomes. Although
a significant interaction was shown for corticosteroids
and PPI, outcomes of patients assuming these drugs
was worse even in patients receiving chemotherapy, and
this might suggest an associative link more than (or in
addition to) a causative link. As mechanistic evidence
around the relationship between ATB and the gut
microbiome evolves, clinicians should continue to exert
judicious use of ATB in the context of ICI treatments.
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