
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Immune-related adverse events are associated with better event-free survival in
a phase I/II clinical trial of durvalumab concomitant with neoadjuvant
chemotherapy in early-stage triple-negative breast cancer

Rios-Hoyo, A.; Dai, J.; Noel, T.; Blenman, K.R.M.; Park, T.; Pusztai, L.
DOI
10.1016/j.esmoop.2025.104494
Publication date
2025
Document Version
Final published version
Published in
ESMO Open
License
CC BY-NC-ND

Link to publication

Citation for published version (APA):
Rios-Hoyo, A., Dai, J., Noel, T., Blenman, K. R. M., Park, T., & Pusztai, L. (2025). Immune-
related adverse events are associated with better event-free survival in a phase I/II clinical
trial of durvalumab concomitant with neoadjuvant chemotherapy in early-stage triple-negative
breast cancer. ESMO Open, 10(4), Article 104494.
https://doi.org/10.1016/j.esmoop.2025.104494

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

Download date:14 9月 2026

https://doi.org/10.1016/j.esmoop.2025.104494
https://handle.uba.uva.nl/personal/pure/en/publications/immunerelated-adverse-events-are-associated-with-better-eventfree-survival-in-a-phase-iii-clinical-trial-of-durvalumab-concomitant-with-neoadjuvant-chemotherapy-in-earlystage-triplenegative-breast-cancer(37b66f4b-174c-48c1-bfd6-952e965a0cc2).html
https://doi.org/10.1016/j.esmoop.2025.104494


ORIGINAL ARTICLE

Immune-related adverse events are associated with better event-free
survival in a phase I/II clinical trial of durvalumab concomitant with
neoadjuvant chemotherapy in early-stage triple-negative breast cancer

A. Rios-Hoyo1,2, J. Dai1, T. Noel3, K. R. M. Blenman1,4, T. Park3 & L. Pusztai1�

1Yale Cancer Center, Yale School of Medicine, New Haven, USA; 2Universitat Pompeu Fabra (UPF), Barcelona, Spain; 3Department of Surgery, Yale School of Medicine,
New Haven; 4Department of Computer Science, Yale School of Engineering and Applied Science, New Haven, USA

Available online 18 March 2025

Background: Immune-related adverse events (irAEs) have been associated with improved outcomes in different tumors;
however, their impact during neoadjuvant immune checkpoint inhibitor therapy and chemotherapy in triple-negative
breast cancer (TNBC) remains unknown.
Patients and methods: This analysis included patients from a phase I/II single-arm clinical trial at Yale Cancer Center
and its regional care centers. The study was conducted from December 2015 to December 2020. Eligible patients were
adults aged �18 years with clinical stage I-III TNBC for whom systemic chemotherapy was indicated. Patients received
durvalumab concomitant with nab-paclitaxel and dose-dense doxorubicinecyclophosphamide. Durvalumab was not
administered post-operatively. We examined the association of developing an irAE with pathologic complete
response (pCR ¼ ypT0/is, ypN0), residual cancer burden (RCB), event-free survival (EFS), and overall survival (OS). A
landmark analysis from the time of surgery was also carried out.
Results: A total of 67 patients were eligible for toxicity and efficacy analysis; of these, 27 had irAEs of any grade and 13
had multiple irAEs. The median follow-up was 61 months (range 6.8-94.03 months). The most frequent irAEs were
dermatologic (n ¼ 14), endocrine (n ¼ 13), and gastrointestinal (n ¼ 5). Patients who experienced irAEs achieved a
pCR or RCB 0-1 rate of 56% and 73%, respectively, compared with 40% and 55% in those without irAEs (P ¼ 0.309
and 0.19). Development of irAE was also associated with significantly improved EFS [hazard ratio (HR) 0.25; 95%
confidence interval (CI) 0.09-0.66, P ¼ 0.024] and a trend for improved OS (HR 0.42; 95% CI 0.14-1.27, P ¼ 0.17).
Patients with more than one irAE had no EFS events. The landmark analysis showed similar results (EFS HR 0.19,
P ¼ 0.014; OS HR 0.4, P ¼ 0.16).
Conclusions: The development of irAE was associated with numerically improved pCR rates, lower RCB, and significantly
higher EFS in patients treated with neoadjuvant immune checkpoint therapy plus chemotherapy.
Key words: triple-negative breast cancer, neoadjuvant immunotherapy, immune-related adverse events, pathologic
complete response, residual cancer burden, event-free survival

INTRODUCTION

Pembrolizumab immune checkpoint inhibitor (ICI) therapy
is used in combination with chemotherapy in the man-
agement of metastatic and stage II/III triple-negative breast
cancers (TNBCs).1,2 The KEYNOTE-522 trial showed that the
administration of neoadjuvant pembrolizumab concurrent
with chemotherapy followed by adjuvant pembrolizumab,

compared with placebo plus chemotherapy improved
pathologic complete response (pCR) rates, lowered residual
cancer burden (RCB), and improved event-free (EFS) and
overall survival (OS) in stage II/III TNBC.3,4 The KEYNOTE-
355 trial established the value of pembrolizumab and
chemotherapy as first-line treatment for programmed
death-ligand 1 (PD-L1)-expressing metastatic TNBCs.2 A
potential consequence of the immune system activation by
ICI is the development of immune-related adverse events
(irAEs) that can affect any organ system, but most
commonly involve the endocrine glands, skin, and gastro-
intestinal tract.5,6 Several studies in malignancies other than
breast cancer have suggested an association between irAEs
and improved clinical outcomes in patients who receive ICI
therapy either alone or in combination with other
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therapies. Higher response rates and longer progression-
free survival in patients with irAEs compared with those
without irAEs have been reported in non-small-cell lung
cancer (NSCLC), melanoma, renal cell carcinoma, head and
neck cancer, esophageal cancer, and Hodgkin lymphoma.7-19

However, no studies have examined this association in pa-
tients with breast cancer.

Our goal was to assess pathologic response (pCR and
RCB) rates and EFS by irAEs in a phase I/II single-arm clinical
trial of neoadjuvant durvalumab administered concurrently
with sequential weekly nab-paclitaxel and dose-dense
doxorubicin/cyclophosphamide in stage I/III TNBC.20,21

PATIENTS AND METHODS

Study design

Patients received durvalumab (10 mg/kg every 2 weeks)
and weekly nab-paclitaxel (100 mg/m2) for 12 cycles, fol-
lowed by durvalumab and every 2-week doxorubicin (60
mg/m2)/cyclophosphamide (600 mg/m2) � 4 cycles. The
main objective was to assess the pCR rate. Primary efficacy
results were reported earlier.21 The trial was approved by
the Yale Human Investigations Committee (Yale University,
HIC# 1409014537), registered on Clinicaltrials.gov under
identifier NCT02489448. The research adhered to the prin-
ciples outlined in the Declaration of Helsinki and followed
Good Clinical Practice Guidelines. AstraZeneca supplied the
study medication and provided financial support to conduct
the clinical trial but was not involved in the design of the
study, data collection or analysis, or preparation of this
manuscript.

Patients and assessments

Eligible participants had clinically staged I-III TNBC and were
candidates for systemic chemotherapy as per the National
Comprehensive Cancer Network (NCCN) guidelines. Exclu-
sion criteria included contraindications for anthracycline,
paclitaxel, or ICI therapy such as active autoimmune disease,
recent administration of live vaccines within 30 days, prior
transplants, immune deficiency, or current use of immuno-
suppressive medications). AEs were evaluated and graded
following the NCI CTCAE version 4.03. The toxicity analysis
included all patients who received at least one dose of dur-
valumab. Surgery was conducted within 4 weeks after
completing neoadjuvant chemotherapy, and the extent of
residual cancer was assessed by the local pathologist as part
of standard care. RCB was centrally assessed by a breast
pathologist. pCR was defined as the absence of invasive
cancer in the breast and lymph nodes (ypT0/is, ypN0). EFS
was determined from the date of pathologic diagnosis and
was defined as the absence of disease progression that pre-
vented definitive surgery, local or distant recurrence, a sec-
ond primary tumor, or death from any cause. OS was defined
as death from any cause from the date of diagnosis. Student’s
t-test (for normally distributed continuous variables) or
Fisher’s exact test (for categorical variables) was used to
compare patient and tumor baseline characteristics [age,

body mass index, Charlson comorbidity index, ethnicity,
clinical tumor size, clinical node status, anatomic stage, his-
tologic tumor grade, pathologic response, RCB, and stromal
tumor-infiltrating lymphocyte (TIL) count]. Survival was
estimated using the KaplaneMeier method. The log-rank
(ManteleCox) proportional hazards model was utilized to
compare EFS and OS between patients with or without irAE.
Univariate and multivariate Cox regression analyses were
conducted to identify the association between EFS and OS
with pCR, clinical tumor stage (T2/3 versus T1), clinical node
status (N� versus Nþ), and development of irAE.Tominimize
possible guarantee (or lead)-time bias, a landmark analysis
was also carried out in which EFS and OS analyses were
calculated from the time of surgery to the event date, and
patients who died before surgery were excluded. A logistic
regression analysis was carried out to identify the association
of pCR and RCB with clinical tumor stage (T2/3 versus T1),
clinical node status (N� versus Nþ), the Charlson Comor-
bidity Index (2 versus>2), and development of irAE. pCR and
RCB rates between patients who developed and did not
develop an irAE were compared using Fisher’s exact test.
Clinical charts were reviewed and updated with current
outcomes from the study.

Biomarker analysis

The percentage of stromal TILs (sTILs) was evaluated on
slides stained with hematoxylin and eosin, and it was
determined by calculating the ratio of the area covered by
mononuclear inflammatory cells to the total intratumoral
stromal as previously reported.20 sTILs percentage was
compared between patients who developed and did not
develop an irAE using the ManneWhitney U test, and a
KruskaleWallis test for stratification according to pathologic
response and development of irAE.

All statistical analyses and graphs were prepared using
GraphPad Prism 9.0 (GraphPad Software, Inc., San Diego,
CA) and R software version 4.3.1 (R Foundation, Vienna,
Austria). Swimmer plots were generated using the ggplot2 R
package (version 3.4.4). P values <0.05 were considered
statistically significant.

Data availability

Deidentified data generated in this study are available in
the Supplementary Material, available at https://doi.org/10.
1016/j.esmoop.2025.104494.

RESULTS

Patient population

Sixty-eight patients consented to the trial between 18
December 2015 and 29 December 2020. One patient sub-
sequently withdrew consent. Baseline and clinicopathologic
characteristics for the 67 patients included in this analysis
are shown in Table 1. Baseline characteristics were similar
between patients who developed an irAE and those who
did not, except for a larger number of patients in the irAE
group presenting with a T1 tumor, negative lymph node
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status before treatment, and a higher number of patients in
the sTILs category of �30%. Three patients died before
surgery, one in the irAE group and two in the no irAE group.

Immune-related adverse events

A total of 27 patients (40%) experienced an irAE, including 8
(12%) who had a grade �3 event and 13 who had two or
more irAEs. Twelve patients with irAE required treatment
interruption and/or systemic corticosteroids. Table 2 sum-
marizes the irAEs by type, grade, and median treatment
duration. The most frequent type of irAE was dermatologic,
which developed in 14 cases and manifested as rash,
folliculitis, hyperpigmentation, lichenoid dermatitis,
eczema, and psoriasis exacerbation. Thirteen patients
experienced an endocrine irAE, with the most frequent
being thyroid disorders (hypothyroidism, subclinical hypo-
thyroidism, and thyroiditis), diabetes, and adrenal

insufficiency. Five patients developed immune-attributed
colitis and one had hepatitis. Three patients experienced
pneumonitis and two had neurologic irAEs, including an
optic neuritis and a MillereFisher variant of GuillaineBarré
syndrome. One patient each developed an inflammatory
arthritis and parotitis. Patients experiencing gastrointestinal

Table 1. Patient and tumor characteristics

Characteristics irAE (n [ 27) No irAE (n [ 40) All patients (n [ 67) P value

Median age (range) 53 (27-79) 51.5 (30-69) 52 (27-79) 0.45
Median body mass index (range) 28.95 (24.1-42-1) 27.2 (19.6-49) 27.5 (19.6-49) 0.66
Charlson comorbidity index, median (range) 3 (2-7) 3 (2-8) 3 (2-8) 0.19
Ethnicity, n (%) 0.3052
White 17 (63) 25 (63) 42 (63)
Hispanic/Latina 0 (0) 1 (3) 1 (1)
African American 9 (33) 12 (30) 21 (31)
Asian 1 (4) 2 (5) 3 (4)

Clinical tumor size, n (%) 5.523437 � 10e13

Tx 0 (0) 1 (2) 1 (1)
T1 12 (44) 11 (28) 23 (34)
T2 14 (52) 23 (58) 36 (54)
T3 1 (4) 3 (8) 4 (6)
T4 0 (0) 2 (5) 2 (3)

Clinical nodal status, n (%) 0.2101
N0 18 (67) 20 (50) 38 (57)
N1 8 (30) 18 (45) 26 (39)
N2 0 (0) 0 (0) 0 (0)
N3 1 (4) 2 (5) 3 (4)

Anatomic stage (AJCC 8th edition), n (%) 2.076214 � 10e5

I 8 (30) 6 (15) 14 (21)
II 17 (63) 29 (73) 46 (69)
III 2 (7) 5 (13) 7 (10)

Histologic tumor grade, n (%) 9.199122 � 10e9

G1 0 (0) 0 (0) 0 (0)
G2 4 (15) 3 (8) 7 (10)
G3 23 (85) 36 (90) 59 (88)
Unknown 0 (0) 1 (3) 1 (1)

Pathologic response, n (%) 0.2249
pCR 15 (56) 16 (40) 31 (46)
RDa 12 (44) 24 (60) 36 (53)

RCB, n (%) 0.0353
RCB 0 15 (56) 16 (40) 31 (46)
RCB I 4 (15) 4 (10) 8 (12)
RCB II 6 (22) 12 (30) 18 (27)
RCB III 1 (4) 4 (10) 5 (7)
No surgery 1 (4) 2 (5) 3 (4)
NA 0 (0) 2 (5) 2 (3)

Stromal TIL count, n (%) 0.3593
0%-10% 10 (37) 17 (43) 27 (40)
11%-29% 3 (11) 9 (23) 12 (18)
�30% 9 (33) 7 (18) 16 (24)
NA 5 (19) 7 (18) 12 (18)

AJCC, American Joint Committee on Cancer; irAE, immune-related adverse event; NA, not available; pCR, pathologic complete response; RCB, residual cancer burden; RD, residual
disease; TIL, tumor-infiltrating lymphocyte.
aRD includes three patients who died before surgery.

Table 2. Immune-related adverse events

Type of immune-
related adverse event

All
grades

Grades
‡3

Duration of treatment for
immune-related adverse event
(days), median (range)

All 40 8 123.5 (11-2154)
Dermatologic 14 1 88.5 (11-1581)
Endocrine 13 3 1785 (14-2154)
Gastrointestinal 6 3 40.5 (22-114)
Pneumonitis 3 0 366 (49-451)
Neurologic 2 1 67.5 (21-114)
Other 2 0 190.5 (77-304)
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irAEs received the shortest treatment for irAE, and those
with endocrine irAEs received the longest treatment to
manage the AE. Nearly all of these patients were still
receiving hormone replacement therapies at the last follow-
up. Eight grade �3 irAEs were recorded, which manifested
as diabetes, rash, colitis, and MillereFisher syndrome.
Figure 1 shows swimmer plots with all patients included in
this analysis and indicates the time of surgery, pathologic
response status, duration of irAE, and recurrence/death.

Association between immune-related adverse events and
pathologic response

Among patients who developed an irAE of any grade, 56%
achieved a pCR compared with 40% among those without
an irAE (P¼ 0.309; Figure 2A). Patients with irAEs also had a
higher rate of RCB 0-I response 73% versus 55% (P ¼ 0.19).
A logistic regression analysis did not find any association
between pCR or RCB and clinical tumor stage, nodal status,
the Charlson Comorbidity Index, or development of irAE
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Figure 1. Swimmer plot depicting surgery, pathologic complete response (pCR), development, type and duration of immune-related adverse events (irAEs), and
recurrence and death of all patients included in this analysis.
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(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2025.104494).

Association between immune-related adverse events with
survival

The median time to last follow-up was 5.1 years in the entire
population. The types of EFS events are shown in
Supplementary Table S2, available at https://doi.org/10.1016/
j.esmoop.2025.104494. Patients who developed irAEs
demonstrated improved EFS compared with those who did
not. In the overall population, the hazard ratio (HR) was 0.25
[95% confidence interval (CI) 0.09-0.66, P¼ 0.024; Figure 3A].
In the landmark analysis, the HR was 0.19 (95% CI 0.06-0.55,
P ¼ 0.014). The 48-month EFS rates were 93% and 66% for
patients with and without irAEs, respectively. In the landmark
analysis, these rates were 96% and 65%, respectively.

Similarly, the 48-month OS rate was 92% for patients who
developed an irAE, compared with 78% for those who did not
(HR0.42; 95%CI 0.14-1.27,P¼ 0.17; Supplementary Figure S1A,
available at https://doi.org/10.1016/j.esmoop.2025.104494). In
the landmark analysis, the OS rates were 96% and 82%,
respectively (HR 0.40; 95% CI 0.11-1.43, P¼ 0.16).

When stratified by the number of irAEs, the 48-month
EFS rates were 66%, 86%, and 100% for patients with 0,
1, or >1 irAE, respectively (P ¼ 0.036; Figure 3B). In the
landmark analysis, the 48-month EFS rates were 66%, 82%,
and 100% for patients with 0, 1, or >1 irAE, respectively
(P ¼ 0.04). Similarly, the 48-month OS rates were 78%, 85%,
and 100% for patients with 0, 1, or >1 irAE, respectively,
showing more benefit for patients who developed �1 irAEs
compared with those who did not (P ¼ 0.17)
(Supplementary Figure S1B, available at https://doi.org/10.
1016/j.esmoop.2025.104494). In the landmark analysis, the

48-month OS rates were 82%, 92%, and 100% for patients
with 0, 1, or >1 irAE, respectively (P ¼ 0.23).

When stratifying patients based on the combination of
pathological response status and the presence or absence
of irAEs, those with irAEs who achieved a pCR demon-
strated outstanding EFS and OS (Figure 3C and
Supplementary Figure S1C, available at https://doi.org/10.
1016/j.esmoop.2025.104494). By contrast, patients with
residual disease (RD) and no irAEs exhibited the poorest
outcomes for both EFS (P ¼ 0.001) and OS (P ¼ 0.019).
Specifically, the 48-month EFS rates were 100%, 91%, 87%,
and 56% for patients with irAE/pCR, irAE/RD, no irAE/pCR,
and no irAE/RD, respectively. Similarly, the 48-month OS
rates were 100%, 90%, 93%, and 74% for patients with irAE/
pCR, irAE/RD, no irAE/pCR, and no irAE/RD, respectively. In
the landmark analysis, the 48-month EFS rates were 100%,
80%, 87%, and 57% for patients with irAE/pCR, irAE/RD, no
irAE/pCR, and no irAE/RD, respectively (P ¼ 0.002). Corre-
spondingly, the 48-month OS rates were 100%, 90%, 93%,
and 73% for patients with irAE/pCR, irAE/RD, no irAE/pCR,
and no irAE/RD, respectively (P ¼ 0.19). In addition, there
were no significant differences in terms of EFS (P ¼ 0.067)
or OS (P ¼ 0.17) according to the grade of irAEs (1-2, 3-4
and no irAEs) (Supplementary Figure S2A and B, available
at https://doi.org/10.1016/j.esmoop.2025.104494).

Cox regression analysis was carried out to evaluate as-
sociations of EFS (Supplementary Table S3, available at
https://doi.org/10.1016/j.esmoop.2025.104494) and OS
(Supplementary Table S4, available at https://doi.org/10.
1016/j.esmoop.2025.104494) with different clinical param-
eters. In the univariate analysis, pCR, nodal status, and irAE
were significantly associated with EFS. The landmark anal-
ysis also indicated that pCR and irAE were significantly
associated with EFS. However, in multivariate analyses
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including the whole population and the landmark popula-
tion analysis, only pCR remained significant. For OS also
only pCR remained independently significant in the multi-
variate analysis in both analysis sets.

Biomarker analysis

sTIL results were available for 55 patients (22 with irAE and 33
with no irAE). The distribution of the sTIL count is presented
in Table 1. Patients with irAE more frequently had high sTIL,
defined as stIL>30%. However, the mean percentage of sTILs
(95% CI) for patients who developed an irAE was 25% (range
15%-36%), and for patients who did not develop an irAE it
was 21% (range 13%-28%), not statistically significant (P ¼
0.49). Stratification according to pathologic response and irAE
found that patients with irAE/pCR and no irAE/pCR presented
the highest number of sTILs, compared with irAE/RD and no
irAE/RD (P ¼ 0.04) (Supplementary Figure S3A and B, avail-
able at https://doi.org/10.1016/j.esmoop.2025.104494).

DISCUSSION

The irAEs observed in our trial are consistent with those
reported in other trials.4,22 We found that patients who
developed an irAE achieved numerically higher rates of pCR
and RCB 0-1, compared with patients who did not develop

an irAE. These results are similar to those observed in a
small study of 35 patients with TNBC who received neo-
adjuvant chemotherapy and pembrolizumab. Overall, 64%
of patients developed an irAE and 72% of them achieved a
pCR compared with 31% of those without irAE (P ¼ 0.03).23

Our study found a significant improvement in EFS in
patients who developed an irAE compared with those who
did not and a trend for better OS. These results are
consistent with prior publications that showed improved
outcomes in patients who experience irAEs in other ma-
lignancies.7-18

Stratification according to the number of irAEs identified
that patients who developed more than one irAE had a
significantly improved EFS and a trend was noted in OS,
with zero EFS or OS events. In a similar context, various
studies involving patients with advanced NSCLC treated
with ICI found that developing more than one irAE was
associated with improved progression-free survival and OS
compared with patients with no irAE.19,24 Regarding the
grade (1-2 versus 3-4 versus none) of irAE and survival, we
found no differences in these groups. Similar results were
reported in a study that evaluated adjuvant pembrolizumab
in melanoma.25 By contrast, studies in patients with
advanced NSCLCs treated with ICI have reported that
developing grade 1-2 irAE was associated with a better
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pCR, pathologic complete response; RD, residual disease.
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prognosis compared with patients who develop grade 3-4
irAE. To address potential lead-time or guarantee-time bias,
a landmark analysis was conducted. This analysis did not
reveal any significant differences compared with the anal-
ysis that included all patients.

When we considered both irAE and pathologic response,
we found that patients who developed an irAE and ach-
ieved a pCR had the best EFS and OS, followed by patients
with no irAE and pCR and patients with an irAE and RD.
Patients with no irAE and an RD had the worst EFS and OS.

The mechanism underlying the development of irAE and
improved outcomes to ICI has not yet been established.
However, it may indicate host susceptibility to hyper-
activation of immune cells leading to a flare-up of latent
autoimmunity, or potential cross-reactivity between tumor
neoantigens and healthy tissue antigens.7,26,27

The limitations of this study are its small sample size and
multiple subgroup analysis. However, our patient groups
represent clinically meaningful categories, and the results
are consistent with results observed in similar studies in
other cancer types.

In conclusion, we found that patients with TNBC who
developed one or more irAEs had higher rates of pCR and
RCB 0-1 response to neoadjuvant chemotherapy plus ICI
and experienced better EFS and a trend for improved OS.
Patients who developed more than one irAE had the best
survival. To the best of our knowledge, this is the first study
reporting an improvement in terms of survival in patients
with TNBC treated with neoadjuvant immunotherapy and
chemotherapy who develop an irAE, particularly those who
develop more than one irAE.
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