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ABSTRACT

Based upon results of the KEYNOTE-522 trial and following approval by regulatory authorities, the
addition of pembrolizumab to chemotherapy is now the standard-of-care for the treatment of early triple-
negative breast cancer (€TNBC) (Clinical stage lI-lll). Pembrolizumab is a programmed cell death protein 1
monoclonal antibody, known to cause immune-related adverse events (irAEs) in a significant subset of
patients. Real-world data on incidence, type and treatment strategies of irAEs in the setting of eTNBC
treatment are sparse. In this multicenterretrospective analysis, we characterized real-world incidence of
irAEs and treatment outcomes such as pathological complete response (pCR) from the combination of
pembrolizumab and chemotherapy as neoadjuvant treatment for eTNBC.

We found a rate of irAEs of all grades of 63.9% and of 20% for irAEs of grade 3 or higher. In the overall
population, a pCR rate of 57.1% was observed. The emergence of irAEs correlated significantly with pCR
(72.2% versus 30.8%; p =.03). Discontinuation of neoadjuvant chemotherapy before week 12 correlated
significantly with a lower pCR rate.

To our knowledge, this is the first study evaluating the real-world efficacy and safety of a
neoadjuvant combination of chemotherapy and pembrolizumab in eTNBC, demonstrating a significant
correlation between irAEs and pCR. Early discontinuation of neoadjuvant therapy due to AEs resulted
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in a lower pCR rate.

Introduction

Breast cancer (BC) is the most common cancer in women in
industrialized nations'. Due to various improvements in care,
the survival outcomes for early-stage BC have improved, but
the subtype of early triple-negative BC (eTNBC) remains
a challenging entity, as a high proportion of patients will
eventually develop locoregional or distant relapse.

Recently, the addition of immune-checkpoint inhibitors
(CIs), a class of monoclonal antibodies targeting immunosup-
pressive regulator proteins such as programmed cell death
protein 1 (PD-1) or programmed cell death 1 ligand 1 (PD-
L1), to chemotherapy has been established as a therapeutic
option in TNBC. In metastatic TNBC, the PD-L1-targeting
antibody atezolizumab as well as the PD-1-targeting antibody
pembrolizumab were approved based upon the phase III
IMpassion130 and KEYNOTE-355 trials.>> The KEYNOTE-
522 trial evaluated the addition of pembrolizumab to neoadju-
vant chemotherapy for the treatment of high-risk eTNBC. In
this trial, pembrolizumab led to an increase in the pathological
complete response (pCR) rate as well as event-free survival,*
leading to the approval of this regimen for eTNBC by major
regulatory authorities. Trials evaluating other CIs in the (neo)

adjuvant setting are ongoing and have partially shown promis-
ing preliminary data. In contrast, there is limited evidence
regarding the activity and tolerability of neoadjuvant chemo-
immunotherapy in eITNBC from a non-trial population in
a real-world setting.

While the addition of CIs to chemotherapy offers
improved outcomes for patients, the existence of immune-
related adverse events (irAEs) poses a novel challenge for
caregivers. Interestingly, the incidence and type of irAEs
not only depend on drug (e.g., IgG class of monoclonal
antibody used) or patient factors (e.g., age, co-morbidities,
and genetics’) but also tumor characteristics. Rates of
irAEs, therefore, differ depending on the cancer entity
treated and the clinical stage.® In BC, irAE rates of up to
50% were reported in clinical trials, with irAEs of CTCAE
grade 3 or higher occurring in 5-20% of patients. For
pembrolizumab, numerically higher rates of irAEs of
CTCAE grade>3 (12.9%) occurred in the neoadjuvant
KEYNOTE-522 study® when compared with its use in the
metastatic setting in the KEYNOTE-355 study (5.3%).> In
IMpassion130, irAEs of grade 3 or 4 occurred in 7.5% of
patients, with endocrinopathies being the most common.”
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While some irAEs may resolve and not require specific
interventions, others may need immunosuppressive treatment
with corticosteroids and/or other immunosuppressive agents
such as mycophenolate/mofetil (MMF) or TNFa-directed
monoclonal antibodies such as infliximab.® Again, real-world
data about the frequency, grades, and types of pembrolizumab-
mediated irAEs in eTNBC patients are lacking. Therefore, our
study aimed at identifying these important clinical parameters
through a retrospective multicenter approach in a real-world
setting.

Methodology

We included all patients at three participating centers in
Austria and England receiving pembrolizumab plus che-
motherapy for eTNBC from October 2020 until March 2023
in this multicenter retrospective study. Only patients who
underwent surgery for primary tumor resection before the
data cutoff were included. Data entry was performed by an
oncologist or oncologist in training. The grading of irAEs was
performed by local investigators according to the NCI
Common Terminology Criteria for Adverse Events, version
5.0. The study was approved by the Ethics Committee (vote
1222/2023) of Medical University Vienna. As this was
a retrospective analysis, written informed patient consent was
waived by the Ethics Committee.

Fisher’s Exact test was used for the comparison of catego-
rical variables. Multivariable analysis was performed by binary
logistic regression. The multivariable model included age
group (categorical: <65 or 265y), tumor stage (categorical:
stage I/II or stage III), discontinuation of neoadjuvant

treatment <12 weeks (categorical: yes or no), and dose reduc-
tions of chemotherapy (categorical: yes or no). A two-sided
p-value of <0.05 was considered statistically significant for all
tests. Statistical analyses and the preparation of figures were
carried out using IBM SPSS Statistics for Macintosh, Version
23, and Graph Pad Prism7.0a for Macintosh. As no formal
sample-size calculation was performed, all statistics are purely
descriptive by nature. Microscopy pictures of the biopsy and
tumor specimen were created using a 3D Histec system. IHC
and HE staining protocols used are available upon request.

Data availability

Raw data, including high-resolution microscopy pictures of
PCR outcomes, are available upon request to the correspond-
ing author.

Results

Overall, 35 female patients were included in our analysis
with a median age of 51 years (range 25-74). Five patients
were >65y of age. Mean body-mass index was 27.4 kg/m?,
and median tumor size as reported by radiological findings
at baseline was 29.5mm (range 10-100). About 13 of 33
patients with known axillary assessment at baseline (39.4%)
had nodal involvement as determined by clinical and/or
radiological staging. The median proliferation rate as mea-
sured by either Ki-67 or MIB-1 staining in the pre-treatment
biopsy specimen was 80% (range 30-90). Of 23 patients with
known germline BRCA mutation status, 6 patients (26.1%)
had hereditary BC (Table 1). Of note, no significant

Table 1. Baseline patient and tumor characteristics of the study cohort
including age, menopausal status, body mass index (BMI), tumor T stage,
nodal status, disease stage, cell proliferation index per KI67 staining and

BRCA mutation status.

All patients (N= 35)

Age

Median (range) - year 51 (25-74)

<65 year - no. (%) 30 (85.7)
Menopausal status - no. (%)

Premenopausal/Perimenopausal 14 (40.0)

Postmenopausal 19 (54.3)

Unknown 2(5.7)
BMI - no. (%)

<25 kg/m? 14 (40.0)

225 kg/m? 21 (60.0)
Primary tumor classification - no. (%)

T1to T2 26 (74.3)

T3to T4 8 (22.9)

Unknown 1(2.9)
Nodal Involvement - no. (%)

Positive 13 (37.1)

Negative 20 (57.1)

Unknown 2 (5.7)
Disease Stage - no. (%)

Stage | 8 (22.9)

Stage Il 18 (51.4)

Stage Ill 7 (20.0)

Unknown 2(5.7)
Ki67 Expression

Median (range) — % 80 (30-90)
gBRCA1/2 mutation - no. (%)

Yes 6(17.1)

No 17 (48.6)

Unknown 12 (34.3)




correlations between patient characteristics and the emer-
gence of irAEs or pCR outcomes were found.

Patients were treated with a median of 8 cycles (range 1-9
cycles) of neoadjuvant pembrolizumab. The median duration
of chemotherapy was 24 weeks (range 4-24). 28 patients (80%)
received a chemotherapy backbone strictly as per the KN522
protocol. Dose reductions of chemotherapy were common in
our cohort (27 of 35 patients, 77.1%). Discontinuation rates for
neoadjuvant pembrolizumab and chemotherapy were 37.1%
and 17.1%, respectively (Table 2). Hence, neoadjuvant pem-
brolizumab was discontinued in 13 of 35 patients within the
cohort. Of note, discontinuation of neoadjuvant pembrolizu-
mab alone occurred in 7 of the 13 patients, while discontinua-
tion of both pembrolizumab and chemotherapy occurred in 6
of the 13 cases. In 11 of these 13 cases (84.6%), discontinuation
of neoadjuvant pembrolizumab was due to emergence of

Table 2. Chemotherapy and immunotherapy adjustments performed in the study
cohort. Most patients (80%) received chemotherapeutic backbones similar to
those administered in KEYNOTE-522. Drug discontinuations of any drug occurred
in 37.1% of patients. Dose reductions of chemotherapy were common, with 77.1%
of patients receiving at least one dose reduction of any chemotherapeutic agent.

All patients (N= 35)

Chemotherapeutic Backbone Analogous to KN522

yes—no. (%) 28 (80.0)
Discontinuation of NACT

yes—no. (%) 6(17.1)
Dose Reductions of NACT

yes—no. (%) 27 (77.1)
Discontinuation of neoadjuvant Pembrolizumab

yes—no. (%) 13 (37.1)

Table 3. Surgical procedures performed and pCR outcomes observed within the
total study cohort. The majority of patients (77.1%) received breast-conserving
surgery. Approximately one-quarter of patients (25.7%) underwent axillary
dissection.

All patients (N= 35)

Breast-Conserving Surgery
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neoadjuvant irAEs. Before or equal to week 12, discontinuation
of neoadjuvant treatment occurred in 4 of 35 patients (11.4%).

A statistically not significant higher rate of treatment dis-
continuations was observed in patients 265y (2/52 65y vs. 4/
30 < 65y, respectively), while dose reduction rates were com-
parable between both groups (5/5 vs. 22/30).

Out of 35 patients, 27 (77.1%) had breast-conserving sur-
gery and 9 of 35 (25.7%) patients had axillary dissection. Upon
surgery of the primary tumor, the entire study cohort had
a pCR rate of 57.1% (20 of 35) (Table 3). Representative
microscopy images, including H&E as well as IHC stainings
of “pCR” and “no pCR” outcomes, are shown in Supplemental
Figures S1 and S2. The mean follow-up was 181 d (range 0-
649). During follow-up, two patients experienced relapses (one
local and one distant) (Figure 1).

irAE incidence of any type or grade was observed in
62.9% of patients (22/35) and of grade 3 or higher in 20%
of patients (7 of 35). 77.3% (17/22) of irAEs observed
occurred in the neoadjuvant treatment phase and 22.7%
(5/22) during postneoadjuvant treatment. Steroid use was
necessary in 15 of 22 patients experiencing irAEs (68.2%).
No toxicity of grade 5 was observed. irAEs observed were
three cases of hepatitis (two of grade 2 and one of grade 3),
one case of nephritis (grade 3) and three cases of pneumo-
nitis (grade 1-3), as well as endocrinopathies (n=9, 8
thyroid dysfunctions of grade 1-2, one case of grade 3
hypophysitis), arthritis (n =3, all grade 2), myocarditis (n
=2, one grade 3/one grade 4) as well as two cases of grade
2-dermatitis, one case of immune-mediated thrombocyto-
penia (ITP, grade 3) and one finding of eosinophilia grade
2 (Table 4).

In our patient cohort, the emergence of either neoadjuvant
or postneoadjuvant irAEs correlated significantly with pCR
(pCR rate 72.2% in patients with irAEs vs. 30.8% in patients
without, respectively; p =.03, Table 5, Figure 2). This correla-
tion remained significant after multivariate analysis, as
described in the methodology section. Early discontinuation
of chemotherapy up to week 12 correlated significantly with
a lower pCR. In detail, patients who completed more than 12
weeks of neoadjuvant chemotherapy had a pCR rate of 64.5%
(20/31), while no patient who discontinued neoadjuvant

yes—no. (%) 27 (77.1)
Axillary Dissection
yes—no. (%) 9 (25.7)
Pathological Complete Remission
yes—no. (%) 20 (57.1)
100+
S
(2] -
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0

Number of patients at risk: 21

13

1 1 1 1 1 1 1
100 200 300 400 500 600 700
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Figure 1. Event-free survival (EFS) in the study cohort as depicted by Kaplan—Meier survival curve. At a mean follow-up of 181 d, median EFS was not reached.
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Table 4. Incidence and types of irAEs observed in the study population. Of note,
22 patients (62.9%) experienced at least one irAE, with investigators reporting
a total of 25 irAEs. Most (77.3%) irAEs occurred during the neoadjuvant treatment
phase. Treatment of irAEs mainly involved the use of corticosteroids (in 68.2% of
cases), and pembrolizumab was discontinued in most (81.8%) of patients experi-
encing irAEs.

Type of irAE - no. (%)

Hypothyroidism 7 (20.0)
Arthritis 3(8.6)
Hepatitis 3 (8.6)
Pneumonitis 3(8.6)
Dermatitis 2(5.7)
Myokarditis 2(5.7)
Eosinophilia 1(2.9)
Hyperthyroidsm 1(2.9)
Hypophysitis 1(2.9)
ITP 1(2.9)
Nephritis 1(2.9)
Total iAEs observed (n=25)
Patients with irAEs (N=22)
Steroid Use
yes—no. (%) 15 (68.2)
Use of other immunosuppression
yes—no. (%) 1 (4.5)
Discontinuation of Pembrolizumab
yes—no. (%) 18 (81.8)

Table 5. Contingency tables for the occurrence of irAEs (upper) and duration of
neoadjuvant chemotherapy <12 weeks (lower) and their correlation with pCR
outcomes in the study cohort. The occurrence of irAEs as well as the duration of
neoadjuvant chemotherapy <12 weeks significantly correlated with pCR rates
observed in the study population. Fisher’s exact test was used for the comparison
of categorical variables. A two-sided p-value <0.05 was considered statistically
significant.

pCR (n=20) no PCR (n=15) p-value

Occurence of irAEs

irAE = no. (%) (n=22)

No irAE - no. (%) (n=13)
Duration of NACT of <12 weeks

16 (72.7) 6 (27.3) .03
4 (30.8) 9 (69.2)

treatment <12 weeks achieved pCR (Table 5). This finding,
however, did not remain significant upon multivariate analysis.

Discussion

In this retrospective study, we aimed to characterize the real-
world toxicity and efficacy of pembrolizumab and chemother-
apy for eTNBC. We found correlations between immune-
related adverse events and pathologic complete response; in
addition, a lower pCR rate was observed in patients with early
chemotherapy discontinuation. To our best knowledge, this is
the first report of irAE as a predictive biomarker for pCR in
eTNBC, and the results need to be discussed in the light of
efficacy and safety data from neoadjuvant trials in BC as well as
other studies investigating a correlation of irAE frequency,
treatment response, and survival across different malignancies.

Overall, the pCR rate in our population was 57.1%, which
was numerically slightly lower compared with results from the
pivotal KEYNOTE-522 trial.* Still, these results reflect the high
activity of neoadjuvant chemo-immunotherapy with
a quadruple chemotherapy backbone of paclitaxel and carbo-
platin, followed by anthracyclines and cyclophosphamide in
combination with pembrolizumab and suggest that results
from a selected trial population can be translated into a real-
world setting. This observation is pertinent, as pCR is an
established surrogate endpoint for long-term outcome in
TNBC, both on an individual patient level and on a trial
level.**”

While efficacy results are reassuring, a dose reduction of any
component of neoadjuvant chemotherapy was required in
77.1% of patients and 6/35 patients (17.1%) permanently dis-
continued neoadjuvant therapy; of note, in 4/35 patients

Discontinuation occured - no. (%) (n=4) 0 (0.0) 4(100.0) .03 (11.4%), early discontinuation during the first 12 weeks was
No discontinuation - no. (%) (1=31) 20(645) 11655 observed. In the chemotherapy cohort of ABCSG-34
All patients Patients with Patients without
(=35) irAEs irAEs

(N =22) (N=13)

P=0.03

57.1% 72.2%

(20/35) (16/22)
Il pCR Il pCR Il pCR
E no PCR = no PCR E no PCR

Figure 2. Emergence of immune-related adverse events significantly correlates with pCR. Bar graphs depict pCR rates within the total population (left), patients
experiencing irAEs (middle), and patients without irAEs (30.8%, right). Patients experiencing irAEs exhibited significantly higher rates of pathological complete response

when compared to patients not experiencing irAEs (72.2% vs. 30.8%, p = .03).



randomizing patients to two different sequences of anthracy-
clines and taxanes (epirubicine/cyclophosphamide (EC) fol-
lowed by docetaxel or the reverse sequence thereof), the
overall chemotherapy discontinuation rate was 9.2%.° The
phase III GeparSepto trial randomized 1,129 patients to neoad-
juvant chemotherapy with nab-paclitaxel or solvent-based
paclitaxel before four cycles of EC.” In this study, discontinua-
tion rates of the taxane part of chemotherapy (i.e., during the
first 12 weeks) were 16% and 6% in both arms, respectively.
When focusing on patients receiving nab-paclitaxel at 150 mg/
m?, the discontinuation rate, however, was higher at 26.8%, but
most of these patients continued on EC. The phase III
BrighTNess trial established carboplatin, albeit at a dose of
AUC6 once every 3 weeks, as a component of neoadjuvant
chemotherapy.” The highest discontinuation rate before week
12 was observed in patients receiving paclitaxel, carboplatin
plus veliparib (11%); still, 288% of patients across all treatment
groups received at least 11 doses of weekly paclitaxel, and more
than 90% of patients received all four cycles of carboplatin (or
carboplatin placebo) and four cycles of doxorubicin/cyclopho-
sphamide, suggesting an overall permanent discontinuation
rate of less than 10%. In KEYNOTE-522, any study drug was
discontinued in 23.3% of patients in the pembrolizumab arm,
compared with 12.3% of patients in the placebo arm.* In the
pembrolizumab arm, 92.6% started on EC/AC, indicating
a permanent chemotherapy discontinuation rate at <12 weeks
of 7.4%. GeparNuevo was a placebo-controlled phase II rando-
mized trial investigating the addition of the PD-L1 targeting
monoclonal antibody durvalumab to neoadjuvant chemother-
apy consisting of nab-paclitaxel followed by dose-dense EC."°
The discontinuation rate of durvalumab/placebo was 21.3%;
regarding early chemotherapy discontinuation, 7.5% of
patients permanently discontinued chemotherapy before or at
12 weeks, similar to KEYNOTE-522. With an intense che-
motherapy backbone of eight cycles of nab-paclitaxel/carbo-
platin with or without atezolizumab, the early treatment
discontinuation rate in the NeoTRIP trial was 25% in both
arms, and the median number of chemotherapy cycles was
six (range 1-7 cycles)."" In summary, these data suggest that
both the intensification of chemotherapy and the addition of
checkpoint inhibitors lead to an increase in treatment burden
resulting in higher discontinuation rates; this effect may be
even more pronounced in a real-world setting. These results
are clinically relevant, as patients with early treatment discon-
tinuation with <12 weeks of neoadjuvant chemotherapy had
a markedly lower benefit with 0/4 patients achieving pCR as
compared to a pCR rate of 64.5% in patients with treatment
duration >12 weeks. This observation emphasizes the need for
meticulous risk-benefit assessment and identification of
patients where a less intense therapy approach may be pre-
ferred. To date, predictive biomarkers of both response and
toxicity are lacking. While numerically, a higher rate of patients
265y discontinued neoadjuvant treatment early in our study
(2/5 vs. 4/30), the overall number of patients 265 y is too small
to draw any conclusions regarding tolerability in an elderly
population.

Analogously to the rate of treatment discontinuations, the
rate of chemotherapy dose reductions reported in this retro-
spective analysis is higher when compared with clinical trials,
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but direct comparability is hampered by different ways of
reporting. In ABCSG-34, the highest rate of dose reduction
was observed in patients receiving docetaxel 100 mg/m? after
four cycles of EC (33.1%)."” In GeparSepto, 30% of patients in
the nab-paclitaxel group required dose reduction as compared
with only 12% in the solvent-based paclitaxel arm, indicating
higher dose reduction rates with intensified chemotherapy.” In
BrighTNess, 42% of patients required a carboplatin dose reduc-
tion; no information regarding dose reduction rates is provided
from KEYNOTE-522.* Despite a lower dose-intensity, high
pPCR rates were observed in our study irrespective of dose
reductions in 63.0% (17/27) for patients with dose reductions
vs. in 37.5% (3/8) for patients without dose reductions (p =
0.2464, n.s.), supporting the notion that, in contrast to early
treatment discontinuations, dose reductions may not have any
major detrimental effect on outcome in a real-world setting.

A correlation between irAE and outcome was suggested in
melanoma and lung cancer patients, where immunotherapy is
well established.*™'® Similar observations were obtained across
other solid malignancies as well.'> '*~** Of note, Hussaini et al.
found a significant correlation between the emergence of irAEs
upon CI treatment and response (ORR, PES, and OS) in
a meta-analysis of various advanced cancer studies, not
including BC trials.”> While a potential immortality bias was
suggested due to an increased risk for experiencing irAE with
longer treatment duration, this bias is less obvious when cor-
relating irAE and treatment response.'>*’ Recently, an
exploratory post-hoc analysis presented by Hope Rugo and
colleagues found a trend for ameliorated PFS and OS for
patients who experienced irAEs during first-line treatment
with pembrolizumab for metastatic TNBC within the
KEYNOTE-355 trial.>* This trend was independent of PD-L1
status and - although found in the metastatic setting — would
be in line with the findings presented in this manuscript. To
our best knowledge, however, our results are the first to report
a correlation between irAE emergence and treatment efficacy
in early TNBC, using the well-defined and standardized end-
point pCR in a population of eTNBC patients receiving neoad-
juvant chemo-immunotherapy; in our study, 72.2% of patients
with irAEs had pCR upon surgery as compared with 30.8% in
patients without irAEs (p = 0.03). Overall, the majority of irAEs
observed were mild to moderate with some exceptions, among
them one case of severe myocarditis. In addition, the issue of
potentially irreversible irAEs such as endocrinopathies remains
in a population of patients with prolonged life expectancy. The
overall rate of irAEs was comparable to results from the pivotal
trial, strengthening the validity of our data. Of note, none of the
patients died from irAEs, and the poor prognosis of metastatic
TNBC patients, the benefits of adding checkpoint inhibitors to
standard chemotherapy clearly outweigh the risks.

There are several limitations to our study. The retrospective
design as well as the relatively small patient sample and the low
number of patients 265 y; in addition, no correction for poten-
tial confounders (e.g., tumor-infiltrating lymphocytes (TIL),
homologs recombination deficiency, germline BRCA mutation
(as status was not known for all patients in the study cohort),
and tumor mutational burden (TMB) was performed.”> >’ Due
to the lack of these further analyses, we can only hypothesize
about explanations of the found correlation between irAE
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emergence and pCR on a molecular and cellular level. These
might include elusive differences in tumor and tumor-
microenvironment characteristics such as TMB, TIL infiltra-
tion or metabolism,zs’29 MHC-I expression he‘[erogeneity,30
but also patient characteristics such as genetic or environmen-
tal and lifestyle factors potentially influencing immunogenicity
(e.g. co-medications,’! smoking habits,>? dietary factors,>® or
microbiome®*®). Finally, despite pCR being an accepted sur-
rogate for long-term outcome in TNBC, data regarding event-
free survival and overall survival remain immature at a median
follow-up of 181 d.

Despite these limitations, to our best knowledge, this is
the first report on a correlation of irAE and pCR rates in an
early-stage TNBC population. Furthermore, efficacy and
toxicity data suggest the transferability of results from the
pivotal KEYNOTE-522 trial into a real-world setting. While
clinical results require confirmation in larger datasets, these
data emphasize the potential role of autoimmune phenom-
ena as biomarkers of response prediction. Further work
should focus on the underlying biology of checkpoint inhi-
bitor-induced autoimmunity in the context of the anti-tumor
response.

Disclosure statement

TR has received financial contributions to attend meetings from Daiichi
Sankyo, Amgen, and MSD. MM has received honoraria for lectures,
advisory board participation and consultation from Roche, Eli Lilly,
Novartis, Astra Zeneca, Daiichi Sankyo, Pfizer, MSD, Gilead, and
Medmedia, and travel support from Amgen, Gilead, Roche, Novartis,
Pierre Fabre, Daiichi Sankyo, and Eisai.

Funding

The author(s) reported there is no funding associated with the work
featured in this article.

Author contributions

MM, RB and TR designed the study and its methodology. Data collection
was performed by SU, AH, MH, MF, KW, ZBH, RE, FF and KSW. Data
input was performed by MM, SU, and AH. Data analysis as well as
creation of figures and tables was performed by MM and SU. MM and
RB wrote the manuscript. All authors read and approved the manuscript.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer
J Clin. 2016;66(1):7-30. doi:10.3322/caac.21332.

2. Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH,
Iwata H, Diéras V, Hegg R, Im S-A, Shaw Wright G, et al.
Atezolizumab and nab-paclitaxel in advanced triple-negative
breast cancer. N Engl ] Med. 2018;379(22):2108-2121. doi:10.
1056/NEJMo0al809615.

3. Cortes J, Cescon DW, Rugo HS, Nowecki Z, Im SA, Yusof MM,
Gallardo C, Lipatov O, Barrios CH, Holgado E, et al
Pembrolizumab plus chemotherapy versus placebo plus che-
motherapy for previously untreated locally recurrent inoperable
or metastatic triple-negative breast cancer (KEYNOTE-355):
a randomised, placebo-controlled, double-blind, phase 3 clinical
trial. Lancet. 2020;396(10265):1817-1828. do0i:10.1016/5S0140-
6736(20)32531-9.

10.

11.

12.

13.

14.

15.

. Schmid P, Cortes J, Pusztai L, McArthur H, Kummel S, Bergh J,

Denkert C, Park YH, Hui R, Harbeck N, et al. Pembrolizumab for
early triple-negative breast cancer. N Engl ] Med. 2020;382
(9):810-821. doi:10.1056/NEJMo0a1910549.

. Khan Z, Di Nucci F, Kwan A, Hammer C, Mariathasan S,

Rouilly V, Carroll J, Fontes M, Ley Acosta S, Guardino E, et al.
Polygenic risk for skin autoimmunity impacts immune checkpoint
blockade in bladder cancer. Proc Natl Acad Sci U S A. 20205117
(22):12288-12294. doi:10.1073/pnas.1922867117.

. Schneider BJ, Naidoo J, Santomasso BD, Lacchetti C, Adkins S,

Anadkat M, Atkins MB, Brassil KJ, Caterino JM, Chau I, et al.
Management of immune-related adverse events in patients treated
with immune checkpoint inhibitor therapy: ASCO guideline
update. ] Clin Oncol. 2021;39(36):4073-4126. doi:10.1200/JCO.
21.01440.

. Untch M, Jackisch C, Schneeweiss A, Conrad B, Aktas B,

Denkert C, Eidtmann H, Wiebringhaus H, Kiimmel S, Hilfrich J,
et al. Nab-paclitaxel versus solvent-based paclitaxel in neoadjuvant
chemotherapy for early breast cancer (GeparSepto—GBG 69):
a randomised, phase 3 trial. Lancet Oncol. 2016;17(3):345-356.
doi:10.1016/S1470-2045(15)00542-2.

. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP,

Wolmark N, Bonnefoi H, Cameron D, Gianni L, Valagussa P,
et al. Pathological complete response and long-term clinical benefit
in breast cancer: the CTNeoBC pooled analysis. Lancet. 2014;384
(9938):164-172. d0i:10.1016/S0140-6736(13)62422-8.

. Loibl S, O’Shaughnessy J, Untch M, Sikov. WM, Rugo HS,

McKee MD, Huober ], Golshan M, von Minckwitz G, Maag D,
et al. Addition of the PARP inhibitor veliparib plus carboplatin or
carboplatin alone to standard neoadjuvant chemotherapy in
triple-negative breast cancer (BrighTness): a randomised, phase 3
trial. Lancet Oncol. 2018;19(4):497-509. doi:10.1016/S1470-
2045(18)30111-6.

Loibl S, Untch M, Burchardi N, Huober ], Sinn BV, Blohmer JU,
Grischke E-M, Furlanetto J, Tesch H, Hanusch C, et al.
A randomised phase II study investigating durvalumab in addition
to an anthracycline taxane-based neoadjuvant therapy in early
triple-negative breast cancer: clinical results and biomarker analy-
sis of GeparNuevo study. Ann Oncol. 2019;30(8):1279-1288.
doi:10.1093/annonc/mdz158.

Gianni L, Huang CS, Egle D, Bermejo B, Zamagni C, Thill M,
Anton A, Zambelli S, Bianchini G, Russo S, et al. Pathologic
complete response (pCR) to neoadjuvant treatment with or with-
out atezolizumab in triple-negative, early high-risk and locally
advanced breast cancer: NeoTRIP Michelangelo randomized
study. Ann Oncol. 2022;33(5):534-543. doi:10.1016/j.annonc.
2022.02.004.

Bartsch R, Singer CF, Pfeiler G, Hubalek M, Stoeger H, Pichler A,
Petru E, Bjelic-Radisic V, Greil R, Rudas M, et al. Conventional
versus reverse sequence of neoadjuvant epirubicin/cyclophospha-
mide and docetaxel: sequencing results from ABCSG-34. Br
J Cancer. 2021;124(11):1795-1802. do0i:10.1038/s41416-021-
01284-2.

Sung M, Zer A, Walia P, Khoja L, Maganti M, Labbe C,
Shepherd FA, Bradbury PA, Liu G, Leighl NB, et al. Correlation
of immune-related adverse events and response from immune
checkpoint inhibitors in patients with advanced non-small cell
lung cancer. J Thorac Dis. 2020;12(5):2706-2712. doi:10.21037/
jtd.2020.04.30.

Eggermont AMM, Kicinski M, Blank CU, Mandala M, Long GV,
Atkinson V, Dalle S, Haydon A, Khattak A, Carlino MS, et al.
Association between immune-related adverse events and
recurrence-free survival among patients with stage III melanoma
randomized to receive pembrolizumab or placebo: a secondary
analysis of a randomized clinical trial. JAMA Oncol. 2020;6
(4):519-527. doi:10.1001/jamaoncol.2019.5570.

Maher VE, Fernandes LL, Weinstock C, Tang S, Agarwal S,
Brave M, Ning Y-M, Singh H, Suzman D, Xu J, et al. Analysis of
the Association between adverse events and outcome in patients
receiving a programmed death protein 1 or programmed death


https://doi.org/10.3322/caac.21332
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1016/S0140-6736(20)32531-9
https://doi.org/10.1016/S0140-6736(20)32531-9
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.1073/pnas.1922867117
https://doi.org/10.1200/JCO.21.01440
https://doi.org/10.1200/JCO.21.01440
https://doi.org/10.1016/S1470-2045(15)00542-2
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1016/S1470-2045(18)30111-6
https://doi.org/10.1016/S1470-2045(18)30111-6
https://doi.org/10.1093/annonc/mdz158
https://doi.org/10.1016/j.annonc.2022.02.004
https://doi.org/10.1016/j.annonc.2022.02.004
https://doi.org/10.1038/s41416-021-01284-2
https://doi.org/10.1038/s41416-021-01284-2
https://doi.org/10.21037/jtd.2020.04.30
https://doi.org/10.21037/jtd.2020.04.30
https://doi.org/10.1001/jamaoncol.2019.5570

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ligand 1 antibody. J Clin Oncol. 2019;37(30):2730-2737. doi:10.
1200/JC0O.19.00318.

Socinski MA, Jotte RM, Cappuzzo F, Nishio M, Mok TSK, Reck M,
Finley GG, Kaul MD, Yu W, Paranthaman N, et al. Association of
immune-related adverse events with efficacy of atezolizumab in
patients with non-small cell lung cancer. JAMA Oncol. 2023;9
(4):527-535. d0i:10.1001/jamaoncol.2022.7711.

Cortellini A, Chiari R, Ricciuti B, Metro G, Perrone F, Tiseo M,
Bersanelli M, Bordi P, Santini D, Giusti R, et al. Correlations
between the immune-related adverse events spectrum and efficacy
of anti-PD1 immunotherapy in NSCLC patients. Clin Lung
Cancer. 2019;20(4):237-47 el. doi:10.1016/j.cllc.2019.02.006.
Grangeon M, Tomasini P, Chaleat S, Jeanson A, Souquet-
Bressand M, Khobta N, Bermudez ], Trigui Y, Greillier L,
Blanchon M, et al. Association between immune-related adverse
events and efficacy of immune checkpoint inhibitors in non-
small-cell lung cancer. Clin Lung Cancer. 2019;20(3):201-207.
doi:10.1016/j.cllc.2018.10.002.

Foster CC, Couey MA, Kochanny SE, Khattri A, Acharya RK,
Tan YC, Brisson RJ, Leidner RS, Seiwert TY. Immune-related
adverse events are associated with improved response,
progression-free survival, and overall survival for patients with
head and neck cancer receiving immune checkpoint inhibitors.
Cancer. 2021;127(24):4565-4573. d0i:10.1002/cncr.33780.

Xu S, Lai R, Zhao Q, Zhao P, Zhao R, Guo Z. Correlation between
immune-related adverse events and prognosis in hepatocellular
carcinoma patients treated with immune checkpoint inhibitors.
Front Immunol. 2021;12:794099. doi:10.3389/fimmu.2021.794099.
Cortellini A, Buti S, Agostinelli V, Bersanelli M. A systematic
review on the emerging association between the occurrence of
immune-related adverse events and clinical outcomes with check-
point inhibitors in advanced cancer patients. Semin Oncol. 2019;46
(4-5):362-371. doi:10.1053/j.seminoncol.2019.10.003.

Hussaini S, Chehade R, Boldt RG, Raphael J, Blanchette P, Maleki
Vareki S, Fernandes R. Association between immune-related side
effects and efficacy and benefit of immune checkpoint inhibitors -
a systematic review and meta-analysis. Cancer Treat Rev.
2021;92:102134. doi:10.1016/j.ctrv.2020.102134.

Dall’olio FG, Di Nunno V, Massari F. Immortal time bias question
in the Association between toxicity and outcome of immune
checkpoint inhibitors. J Clin Oncol. 2020;38(1):105-106. doi:10.
1200/JCO.19.01728.

Rugo HS, Cescon DW, Im SA, Yusof MM, Araneda CEG,
Lipatov O, Cruz F, Barrios CH, Hegg R, Martin EH, et al.
191MO KEYNOTE-355: outcomes in patients who discontinued
chemotherapy before pembrolizumab and in patients with
immune-mediated AEs. ESMO Open. 2023;8(1):101380. doi:10.
1016/j.esmoop.2023.101380.

Sharma P, Barlow WE, Godwin AK, Pathak H, Isakova K,
Williams D, Timms KM, Hartman AR, Wenstrup R]J,
Linden HM, et al. Impact of homologous recombination deficiency

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ONCOIMMUNOLOGY 7

biomarkers on outcomes in patients with triple-negative breast
cancer treated with adjuvant doxorubicin and cyclophosphamide
(SWOG $§9313). Ann Oncol. 2018;29(3):654-660. do0i:10.1093/
annonc/mdx821.

Sharma P, Barlow WE, Godwin AK, Parkes EE, Knight LA,
Walker SM, Kennedy RD, Harkin DP, Logan GE, Steele CJ, et al.
Validation of the DNA damage immune response signature in
patients with triple-negative breast cancer from the SWOG 9313¢
trial. J Clin Oncol. 2019;37(36):3484-3492. d0i:10.1200/JCO.19.
00693.

Karn T, Denkert C, Weber KE, Holtrich U, Hanusch C, Sinn BV,
Higgs BW, Jank P, Sinn HP, Huober J, et al. Tumor mutational
burden and immune infiltration as independent predictors of
response to neoadjuvant immune checkpoint inhibition in early
TNBC in GeparNuevo. Ann Oncol. 2020;31(9):1216-1222. doi:10.
1016/j.annonc.2020.05.015.

El Sayed R, Haibe Y, Amhaz G, Bouferraa Y, Shamseddine A.
Metabolic factors affecting tumor immunogenicity: what is hap-
pening at the cellular level? Int ] Mol Sci. 2021;22(4):2142. doi:10.
3390/ijms22042142.

Kawaguchi K, Maeshima Y, Toi M. Tumor immune microenvir-
onment and systemic response in breast cancer. Med Oncol.
2022;39(12):208. doi:10.1007/s12032-022-01782-0.

Kawase K, Kawashima S, Nagasaki J, Inozume T, Tanji E,
Kawazu M, Hanazawa T, Togashi Y. High expression of MHC
class I overcomes cancer immunotherapy resistance due to IFNy
signaling pathway defects. Cancer Immunol Res. 2023;11
(7):895-908. doi:10.1158/2326-6066.CIR-22-0815.

Kostine M, Mauric E, Tison A, Barnetche T, Barre A, Nikolski M,
Rouxel L, Dutriaux C, Dousset L, Prey S, et al. Baseline
co-medications may alter the anti-tumoural effect of checkpoint
inhibitors as well as the risk of immune-related adverse events. Eur
J Cancer. 2021;157:474-484. doi:10.1016/j.jca.2021.08.036.

Popat S, Liu SV, Scheuer N, Gupta A, Hsu GG, Ramagopalan SV,
Griesinger F, Subbiah V. Association between smoking history and
overall survival in patients receiving pembrolizumab for first-line treat-
ment of advanced non-small cell lung cancer. JAMA Netw Open.
2022;5(5):¢2214046. doi:10.1001/jamanetworkopen.2022.14046.

Zhang X, Li H, Lv X, Hu L, Li W, Zi M, He Y. Impact of diets on
response to immune checkpoint inhibitors (ICIs) therapy against
tumors. Life (Basel). 2022;12(3):409. doi:10.3390/life12030409.
Alpuim Costa D, Nobre JG, Batista MV, Ribeiro C, Calle C,
Cortes A, Marhold M, Negreiros I, Borralho P, Brito M, et al.
Human microbiota and breast cancer—is there any relevant link?
—A literature review and new horizons toward personalised
Medicine. Front Microbiol. 2021;12:584332. doi:10.3389/fmicb.
2021.584332.

Simpson RC, Shanahan ER, Scolyer RA, Long GV. Towards mod-
ulating the gut microbiota to enhance the efficacy of
immune-checkpoint inhibitors. Nat Rev Clin Oncol. 2023;20
(10):697-715. doi:10.1038/s41571-023-00803-9.


https://doi.org/10.1200/JCO.19.00318
https://doi.org/10.1200/JCO.19.00318
https://doi.org/10.1001/jamaoncol.2022.7711
https://doi.org/10.1016/j.cllc.2019.02.006
https://doi.org/10.1016/j.cllc.2018.10.002
https://doi.org/10.1002/cncr.33780
https://doi.org/10.3389/fimmu.2021.794099
https://doi.org/10.1053/j.seminoncol.2019.10.003
https://doi.org/10.1016/j.ctrv.2020.102134
https://doi.org/10.1200/JCO.19.01728
https://doi.org/10.1200/JCO.19.01728
https://doi.org/10.1016/j.esmoop.2023.101380
https://doi.org/10.1016/j.esmoop.2023.101380
https://doi.org/10.1093/annonc/mdx821
https://doi.org/10.1093/annonc/mdx821
https://doi.org/10.1200/JCO.19.00693
https://doi.org/10.1200/JCO.19.00693
https://doi.org/10.1016/j.annonc.2020.05.015
https://doi.org/10.1016/j.annonc.2020.05.015
https://doi.org/10.3390/ijms22042142
https://doi.org/10.3390/ijms22042142
https://doi.org/10.1007/s12032-022-01782-0
https://doi.org/10.1158/2326-6066.CIR-22-0815
https://doi.org/10.1016/j.ejca.2021.08.036
https://doi.org/10.1001/jamanetworkopen.2022.14046
https://doi.org/10.3390/life12030409
https://doi.org/10.3389/fmicb.2021.584332
https://doi.org/10.3389/fmicb.2021.584332
https://doi.org/10.1038/s41571-023-00803-9

	Abstract
	Introduction
	Methodology
	Data availability
	Results
	Discussion
	Disclosure statement
	Funding
	Author contributions
	References

