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Abstract

Background: Neoadjuvant immunotherapy, particularly immune checkpoint
inhibitors (ICIs), has emerged as a promising therapeutic strategy in the treat-
ment of Triple-Negative breast cancer (TNBC). This systematic review evalu-
ates the clinical impact of ICIs in combination with neoadjuvant chemother-
apy, focusing on their improving pathological complete response (pCR) rates
and outcomes. This review was conducted using PRISMA guidelines. A com-
prehensive literature search was conducted across multiple databases, includ-
ing PubMed, Google Scholar, and EMBASE, for studies evaluating the use of
ICIs in neoadjuvant therapy regimens for early-stage TNBC. Overall, while
neoadjuvant ICIs represent a potential breakthrough in TNBC treatment, fur-
ther clinical trials and long-term data are necessary to better define their role
in improving patient outcomes.

Keywords
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1. Introduction

Triple-Negative breast cancer (TNBC) is a distinct subtype of breast cancer char-
acterized by the absence of estrogen receptor (ER), progesterone receptor (PR),

and human epidermal growth factor receptor 2 (HER2) expression. It accounts
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for approximately 10% - 20% of all breast cancer cases [1]. The defining features
of TNBC include its aggressive nature, early metastatic potential, visceral organ
involvement, and poorer prognosis compared to other breast cancer subtypes.
Due to the lack of hormone and HER2 receptor expression, TNBC does not re-
spond to endocrine therapies that target these pathways [2].

Immunotherapy has emerged as a crucial first-line treatment in advanced
TNBC cases that test positive for PD-L1 using immunohistochemical (IHC) assays
[3]-[5]. Additionally, there is growing evidence supporting the use of immuno-
therapy in early-stage TNBC [6]-[11]. Traditionally, platinum-based chemother-
apy has been the cornerstone of TNBC treatment. However, advances in molecu-
lar classification and genome sequencing have led to the identification of new mo-
lecular targets, paving the way for novel treatment strategies [2]. Some of the
promising therapeutic approaches being explored include immune checkpoint in-
hibitors (ICIs), poly (ADP-ribose) polymerase (PARP) inhibitors, antibody-drug
conjugates, cyclin-dependent kinase 4/6 (CDK4/6) inhibitors, and multikinase in-
hibitors [12]. The use of immunotherapy in early-stage TNBC is particularly
promising. Strong biological evidence supports the potential benefit of immune
checkpoint inhibitors in this setting. While breast cancer has historically not been
considered highly immunogenic, early-stage TNBC exhibits significant immune
cell infiltration, making it a viable candidate for immunotherapy [13] [14].

Immune checkpoints are regulatory molecules found on immune cells that in-
teract with specific ligands on target cells to prevent excessive immune responses,
thus protecting normal tissues from immune attack and reducing the risk of au-
toimmunity. Key immune checkpoints on T cells include programmed death-1
(PD-1) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) [15]. Many
solid tumors, including melanoma, lung, breast, bladder, colon, liver, head, and
neck cancers, evade immune destruction by expressing checkpoint ligands such
as programmed death-ligand 1 (PD-L1). This immune escape mechanism has led
to the development of checkpoint inhibitors—therapies designed to block these
pathways and restore the immune system’s ability to attack cancer cells [16]-[19].

In TNBC, the PD-1/PD-L1 pathway plays a crucial role in immune evasion.
Research suggests that 20% - 30% of TNBC cases express PD-L1, often in associ-
ation with tumor-infiltrating lymphocytes (TILs) [20], supporting the potential
role of PD-1/PD-L1 inhibitors in this cancer type. By blocking PD-1/PD-L1 inter-
actions, ICIs restore T-cell function, enhancing anti-tumor immunity and im-
proving clinical outcomes. Compared to chemotherapy, which remains the stand-
ard treatment for TNBC, ICIs offer the advantage of longer-lasting responses, par-
ticularly in patients with high PD-L1 expression. Clinical trials, such as KEY-
NOTE-355 and IMpassionl130, have demonstrated that combining ICIs with
chemotherapy significantly improves progression-free survival (PFS) and overall
survival (OS) in metastatic TNBC [3] [21].

Several immune checkpoint inhibitors have been investigated for their potential

in TNBC treatment. PD-1 inhibitors (such as pembrolizumab, nivolumab, and
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cemiplimab), PD-L1 inhibitors (including atezolizumab, avelumab, and durval-
umab), and CTLA-4 inhibitors (such as ipilimumab and tremelimumab) have
been studied in various clinical settings [18] [19]. A significant milestone in TNBC
treatment was the IMpassion130 trial [3], which demonstrated positive outcomes
with atezolizumab (a PD-L1 inhibitor) in combination with nab-paclitaxel for lo-
cally advanced or metastatic TNBC. Based on these findings, the U.S. Food and
Drug Administration (USFDA) granted accelerated approval for this combination
therapy on March 8, 2019 [21].

Despite these advancements, no targeted therapy has received full approval for
early-stage TNBC (stages I-III), where neoadjuvant and adjuvant chemotherapy
remain the standard of care. However, chemotherapy alone does not provide a
substantial survival benefit, as evidenced by a five-year metastasis-free survival
rate of 70% and a 30% - 40% incidence of distant metastasis and cancer-related
mortality [1] [22]. In response, several clinical trials are investigating the clinical
impact of combining checkpoint inhibitors with neoadjuvant chemotherapy
(NACT) in early-stage TNBC. The aim of this systematic review was to investigate
the clinical impact of combining checkpoint inhibitors with neoadjuvant chemo-
therapy (NACT) in early-stage TNBC.

2. Methodology & Materials

2.1. Selection Criteria

1) Inclusion Criteria:

a) Randomized controlled trials (RCTs), clinical trials, cohort studies, and
meta-analyses.

b) Patients diagnosed with early-stage TNBC (Stage I - III).

¢) Neoadjuvant immune checkpoint inhibitors (PD-1/PD-L1 inhibitors) +
chemotherapy.

2) Exclusion Criteria:

Non-clinical studies, no immune checkpoint inhibitors in neoadjuvant settings

and no expert opinion were excluded.

2.2. Study Design

This review was conducted using PRISMA guidelines. The review consisted of 5
steps: 1) Problem identification; 2) Literature searching; 3) Data review and eval-

uation; 4) Data synthesis and analysis; 5) Data presentation.

2.3. Search Method

A comprehensive search was performed in electronic databases PubMed, Google
Scholar, and Embase to identify relevant studies on neoadjuvant immunotherapy
in TNBC. The following search terms were used:

e Triple-negative breast cancer.

¢ Neoadjuvant therapy.

e Immune checkpoint inhibitors.
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e PD-1 inhibitors (e.g., pembrolizumab, nivolumab).

e PD-L1 inhibitors (e.g., atezolizumab, durvalumab).

e CTLA-4 inhibitors (e.g., ipilimumab, tremelimumab).

¢ Key clinical outcomes such as pathologic complete response (pCR), event-free
survival (EFS), and overall survival (OS). The search was restricted to English-
language studies published in the last 10 years, with foreign-language articles

included only if an English translation was available.

2.4. Data Collection

Relevant data were systematically extracted from multiple studies to ensure accu-
racy. The initial database search yielded studies based on author names, titles, key-
words, and abstracts. Abstracts were screened based on exclusion criteria, and
full-text articles were retrieved when abstracts lacked sufficient details.

The selection process focused on:
e Study design.
e Sample size.
o Assessed outcomes (pCR, EFS, OS).
e Study duration.
e Overall quality.

Following this, essential data were compiled to provide a comprehensive analysis.

2.5. Quality Assessment of Included Studies

A formal risk of bias assessment was conducted for all included studies using:
e Cochrane Risk of Bias (RoB) Tool for RCTs.
o Newcastle-Ottawa Scale (NOS) for cohort studies.
e ROBINS-I (Risk of Bias in Non-Randomized Studies of Interventions) for
non-randomized studies.
A risk of bias summary table was generated to improve transparency and relia-
bility.

2.6. Heterogeneity Assessment

To evaluate heterogeneity among studies, the following statistical measures were

used:

o 1% statistic: Quantifies heterogeneity, where I* > 50% suggests significant vari-
ation.

e Cochran’s Q test: Assesses heterogeneity across included studies.

e Subgroup analysis: Conducted based on study design, tumor PD-L1 expres-
sion, and intervention type.

o Sensitivity analysis: Performed by removing individual studies to assess their

impact on overall results.

2.7. Meta-Analysis

If sufficient homogeneous data were available, a meta-analysis was conducted

DOI: 10.4236/s5.2025.163017

151 Surgical Science


https://doi.org/10.4236/ss.2025.163017

M. N. Ripa et al.

using:
o Fixed-effects or random-effects models, depending on heterogeneity levels.
e Forest plots to illustrate pooled estimates.

e Funnel plots to assess publication bias.

2.8. Study Selection Process

The database search identified 130 articles (Figure 1). After removing duplicates,
85 articles remained. Of these:

e 55 were excluded based on title and abstract screening.

o 26 full-text articles were excluded for not meeting the inclusion criteria.

e Finally, 4 publications met the criteria and were included in this review.

Database searches identified 130 records

v

Excluded with duplicates (n = 45)

A4

Atrticles after excluded
duplicates (n = 85)

Records after titles and abstracts
screened (n = 55)

Full-text articles assessed
for eligibility (n = 30)

Excluded full-text articles (n = 26)
for not meeting inclusion criteria

Total number of articles fully
met inclusion criteria (n = 4)

Figure 1. Flow chart of systematic review of literature selection process for the present
research.

3. Result

Gianni L et al [23] conducted the NeoTRIP Michelangelo trial, a Phase III ran-
domized, multicenter study designed to assess the neoadjuvant use of atezoli-

zumab, an anti-PD-L1 immune checkpoint inhibitor, in combination with car-
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boplatin and nab-paclitaxel for early-stage triple-negative breast cancer (TNBC).

The study included 280 patients, with 138 receiving the atezolizumab combination

therapy and 142 receiving the placebo combination therapy. The primary end-

point was pathological complete response (pCR), and secondary endpoints in-

cluded event-free survival (EFS) and other clinical outcomes (Table 1).

Table 1. Summary of published clinical trials on neoadjuvant immune checkpoint inhibitors on early-stage triple negative breast

cancer.
Experimental Number of Median time Primar
xperime a
Reference Trial 4 Control arm patients to follow-up ¥ PCR (%)
arm target . outcomes
enrolled (in months)
Nerve root
blocks were
L Neoadjuvant  performed with 280 (138 48.6%
Gianni L NeoTRIP . . . .
. atezolizumab, and without a experimental experimental
etal [23]  Michelangelo . . PD-L1 607 EFS
carboplatin and stimulator, vs. 142 vs. 44.4%
Ttaly (Phase III) . .
nab-paclitaxe ~ accompanied control) control
by an
epidurogram.
Neoadjuvant  Needle-based
Loibl S durvalumab m.echani.cal 174 (88 53.4%
GeparNuevo plus stimulation . experimental
et al. [24] . PD-L1 experimental 43.7 pCR
(Phase II) anthracycline/ and SNRB were vs. 44.2%
Germany vs. 86 control)
taxane based compared to control
chemotherapy surgery.
Neoadjuvant ~ SNRB was
Nanda R pembrolizumab performed after 22%
, . 250 (69 ,
et al. [8] i-SPY2 plus laminectomy, ] experimental
. . PD-1 experimental 33.6 pCR
United (Phase II) anthracycline/  followed by vs. 60%
vs.
States taxane based  surgical control
chemotherapy re-exploration.
Neoadjuvant . 1174 (784 64.8%
. . Neoadjuvant ) .
Schmid P KEYNOTE-522 pembrolizumab . experimental experimental
. carboplatin/ PD-1 15.5 pCR
et al. [7] UK (Phase III) + carboplatin/ . vs. 390 vs. 51.2%
. paclitaxel
paclitaxel control) control

5-year EFS. pCR, pathologic complete response; PD-1, programmed cell death 1; PD-L1, programmed cell death ligand 1; EFS,
event free survival.

The results revealed that the pCR rate in the atezolizumab group was 48.6%,

compared to 44.4% in the placebo group. However, this difference was not statis-
tically significant (odds ratio (OR) 1.18; 95% CI, 0.74 - 1.89; P = 0.48). These find-

ings suggest that adding atezolizumab did not provide a statistically significant

improvement in the pCR rate over the placebo, although the data did indicate a

higher response in the atezolizumab group (Figure 2).
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Subgroup analysis: pCR rate

Category Subgroup Number of patients OR (95% Cl)

Overall 280 1.18 (0.74-1.89)

Stage Early high-risk 142 i 1.24 (0.64-2.41)

Locally advanced 138 . 1.12 (0.58-2.19)

PD-L1 Positive 156 B 1.36 (0.72-2.56)
expression

Early high-risk 81 . L 1.74 (0.72-4.19)

Locally advanced 75 1.03 (0.41-2.56)

Negative 124 0.94 (0.45-1.96)

Early high-risk 61 I 0.77 (0.27-2.18)

Locally advanced 63 [} 1.15 (0.40-3.32)

0.0 0.5 1.0 1.5 2.0 2.5 4.0

Favors no atezo Favors atezo

Figure 2. Subgroup analysis of pathological complete response (pCR) rate.

Loibl S et al. [24] conducted the GeparNuevo trial, a randomized, double-blind
Phase II study to evaluate the efficacy of durvalumab, an anti-PD-L1 immune
checkpoint inhibitor, in combination with neoadjuvant chemotherapy in patients
with early-stage triple-negative breast cancer (TNBC). The study enrolled 174 pa-
tients between June 2016 and October 2017, with 88 patients receiving durval-
umab plus chemotherapy and 86 patients receiving placebo plus chemotherapy.
The chemotherapy regimen consisted of both anthracycline-based and taxane-
based therapies, which are commonly used in neoadjuvant treatment for TNBC.
The primary endpoints of the study included pathological complete response
(pCR), as well as 3-year invasive disease-free survival (iDFS), distant disease-free
survival (DDFS), and overall survival (OS).

While the study showed a non-significant increase in pCR rates in the durval-
umab group, significant improvements were observed in survival outcomes. The
3-year iDFS was 85.6% in the durvalumab group, compared to 77.2% in the pla-
cebo group (hazard ratio (HR) 0.48, 95% CI 0.24 - 0.97, P = 0.036). Additionally,
the DDEFS improved from 78.4% in the placebo group to 91.7% in the durvalumab
group (HR 0.31, 95% CI 0.13 - 0.74, P = 0.005), and OS was significantly better in
the durvalumab group at 95.2% compared to 83.5% in the placebo group (HR 0.24,
95% CI 0.08 - 0.72, P = 0.006) (Figure 3). Durvalumab enhanced iDFS, DDES,
and OS in patients with and without pCR as compared to a placebo (Figure 4). In
the pCR analysis, the window cohort’s addition of durvalumab resulted in a sig-
nificantly higher pCR rate than the non-window cohort [OR 2.22 (95% CI 1.06 -
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4.64) versus OR 0.61 (95% CI 0.21 - 1.75), interaction P 1/4 0.048], but the dur-
valumab effect did not differ in iDFS between the window and non-window co-

horts (Figure 5).

iDFS

(a) '
100 4
90 85.6%

80

70 77.2%

40 | + Censored

30 4 Placebo 22/86 events

_| Durvalumab 12/88 events
Stratified logrank P = 0.0356

Stratified HR durvalumab to placebo: 0.48 (95% Cl 0.24-0.97; P = 0.0398)
T T T T

T
0 12 24 36 48 60
Time (months)

Invasive disease-free survival rate (%)
o
o
1

Patients at risk:

—— Placebo 86 78 65 58 16 0
—— Durvalumab 88 80 73 66 18 0
(b) DDFS
100 4 91.7%
90 -
80
70 78.4%
60 4

50 - + Censored
40 - Placebo 20/86 events

30 - Durvalumab 7/88 events

Distant disease-free survival rate (%)

20 1 sratified logrank P =0.005
10
Stratified HR durvalumab to placebo: 0.31 (95% CI 0.13-0.74; P = 0.0078)
0 T T T T T
0 12 24 36 48 60

Time (months)

Patients at risk:

— Placebo 86 78 67 59 16 0
—— Durvalumab 88 80 76 70 20 0
0s
(c) 100 4 95.2%
. 90 ﬁ
& 80+
Oy
% 70 4 83.5%
T 604
% 50 4 + Censored
E 40 - Placebo 15/86 events
g 30 - Durvalumab 4/88 events
>
6 20 syatified logrank P = 0.0056
13 ) Stratified HR durvalumab to placebo: 0.24 (95% CI 0.08-0.72; P = 0.0108)
T T T T T
0 12 24 36 48 60
Time (months)
Patients at risk:
—— Placebo 86 80 72 63 16 0
—— Durvalumab 88 81 79 71 20 0

Figure 3. (a) invasive disease-free survival (iDFS), (b) distant disease-free survival (DDFS)
and (c) overall survival (OS) by treatment arm.
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Invasive disease-free survival rate (%)

404 + Censored
Placebo, non-pCR 15/48 events
301 Durvalumab, non-pCR 9/40 events
20 4 Placebo, pCR 7/38 events
Durvalumab, pCR 2/47 events
104 Logrank P=0.0071
0 T T T T T
0 12 24 36 48 60
Time (months)
Patients at risk:
— Placebo, non-pCR 48 42 32 27 8 0
— Durvalumab, non-pCR 40 36 30 28 5 0
Placebo, pCR 38 36 33 31 8 0
— Durvalumab, pCR 47 44 43 38 13 0
DDFS
100.0%
(b) 1001
£ 90 A
2 80
g
T 70
s
5 60
n
$ 504
=
$ 404 + Censored
3 Placebo, non-pCR 14/48 events
% 301 Durvalumab non-pCR 6/40 events
£ 204 Placebo, pCR 6/38 events
s Durvalumab, pCR 0/47 events
g 104 Logrank P=0.0012
0 T T T T T
0 12 24 36 48 60
Time (months)
Patients at risk:
— Placebo, non-pCR 48 42 34 28 8 0
— Durvalumab, non-pCR 40 36 32 30 5 0
Placebo, pCR 38 36 33 31 8 0
— Durvalumab, pCR 47 44 44 40 15 0
100.0%
(©) 400+
90 -
~ 80
*
o 704 78.8%
[
< 60+
2
S 50
H
— 40+ + Censored
g Placebo, non-pCR 11/48 events
5 30 1 Durvalumab, non-pCR 3/40 events
20 Placebo, pCR 4/38 events
Durvalumab, pCR 0/47 events
104 Logrank P=0.0023
0 T T T T T
0 12 24 36 48 60
Time (months)
Patients at risk:
— Placebo, non-pCR 48 44 39 31 8 0
— Durvalumab, non-pCR 40 37 35 31 5 0
Placebo, pCR 38 36 33 32 8 0
— Durvalumab, pCR 47 44 44 40 15 0

Figure 4. (a) invasive disease-free survival (iDFS), (b) distant disease-free survival (DDFS)
and (c) overall survival (OS) by pCR and treatment arm. The event-free rates at 36 months
in each group are displayed above and below the curves.
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(a) iDFS
Subgroup N N Hazard ratio P value Test for
patients events y (95% CI) interaction
Overalla 174 34 + 0.477 (0.235-0.966) 0.040
sTILs : 0.705
Low (0%-10%) 66 17 i 0.423 (0.156-1.15) 0.090
Intermediate/high (11%-100%) 108 17 . 0.553 (0.205-1.50) 0.244
Window H 0.891
Window 117 22 - 0.524 (0.220-1.25) 0.145
No window 57 12 = 0.465 (0.140-1.55) 0.211
Breast cancer stage H 0.940
Stage 0 or | 61 5 i 0.553 (0.092-3.31) 0.517
Stage IIA and higher 113 29 —-—— 0.519 (0.241-1.12) 0.093
Age l 0.552
<40 47 10 L — 0.344 (0.089-1.33) 0.122
>40 127 24 d 0.573 (0.251-1.31) 0.187
cT : 0.375
cT1-2 164 30 —l— 0.408 (0.187-0.890) 0.024
cT3-4 10 4 ; 1.17 (0.120-11.4) 0.894
cN ! 0.090
cNO 118 12 T L 1.03 (0.331-3.19) 0.962
cN+ 54 22 L 0 0.294 (0.114-0.754) 0.011
PD-L1 : 0.463
Negative 20 5 T 0.795 (0.133-4.76) 0.801
Positive 138 25 . 0.436 (0.188-1.01) 0.053
PCR (ypTO ypNO) : 0.222
No 88 24 —ilk 0.674 (0.295-1.54) 0.350
Yes 85 9 L ; 0.220 (0.046-1.06) 0.059
T T T T T
0.1 0.2 0.5 1 20 3.0
HR
Longer iDFS with durvalumab  Longer iDFS with placebo
(b) PCR (updated)
Subgroup N N Odds ratio P value Test for
patients events : (95% Cl) interaction
Overall 174 85 ——’— 1.45 (0.797-2.63) 0.224
sTILs : 0.934
Low (0%-10%) 66 24 ik 1.54 (0.559-4.24) 0.403
Intermediate/high (11%-100%) 108 61 - 1.46 (0.679-3.13) 0.333
Window arm 0.048
Window 117 60 : L 2.22 (1.06-4.64) 0.035
No window 57 25 = : 0.611(0.213-1.75) 0.360
Breast cancer stage 0.165
Stage O or | 61 32 L ; 0.813 (0.297-2.23) 0.686
Stage IIA and higher 113 53 ’ L 1.97 (0.932-4.17) 0.076
Age : 0.151
<40 47 27 ' - 3.00 (0.903-9.96) 0.073
>40 127 58 ——— 1.09 (0.542-2.19) 0.807
cT . n.a.
cT1-2 164 83 ——-— 1.48 (0.800-2.74) 0.211
cT3-4 10 2 g nab nab
cN ' 0.134
cNO 118 61 - 1.07 (0.520-2.20) 0.854
cN+ 54 23 T = 2.97 (0.967-9.12) 0.057
PD-L1 : 0.363
Negative 20 6 + 3.60 (0.478-27.1) 0.214
Positive 138 75 — 1.34 (0.684-2.62) 0.393
T T T T T T T T 1
02 03 0.5 1 15 2 3 4 56
OR

More pCR (ypTO0/ypNO) with placebo  More pCR (ypT0/ypNO) with durvalumab

Figure 5. Subgroup analysis of (a) invasive disease-free survival (iDFS) (univariate Cox regression model) and (b) pCR (univariate

logistic regression model).

Nanda R et al [8] conducted the i-SPY2 trial, a Phase II study evaluating the
neoadjuvant use of pembrolizumab combined with paclitaxel and AC chemother-
apy in early-stage breast cancer, including triple-negative breast cancer (TNBC).
Of the 250 women enrolled, 69 received pembrolizumab. The study found a sig-

nificant increase in pathological complete response (pCR) rates, with 60% of
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TNBC patients in the pembrolizumab group achieving pCR, compared to 22% in
the control group. Pembrolizumab also shifted the residual cancer burden to a
lower disease stage and was associated with a 93% event-free survival at 3 years.
Only four out of 69 patients randomly assigned to pembrolizumab had three or
more years of follow-up; the median follow-up durations for patients in the con-
trol and pembrolizumab arms were 3.5 and 2.8 years, respectively. For the entire
cohort, EFS was qualitatively similar across the pembrolizumab and control
groups (Figure 2); however, due to the small number of patients, care must be
used when drawing inferences. Regardless of arm, patients who attained pCR had

outstanding results (Figure 6).

(a) ERBB2 negative

1.0-fmc- 4t
A - — —HHHHI-H—H b Control pCR Control
Pembro pCR
0.8 Event No. Hazard Ratio
z Non-pCR 37 141 1 [Reference]
= Pembro non-pCR
g 06 pCR 0 31 0
a
8
0.4 Pembro
§ Control non-pCR Event No. Hazard Ratio
| on-p! eference
* 02 Non-p(R 8 35 1 [Reference]
pCR 2 31 0.28
0 T T T T T T 1
0 1 2 3 4 5 6 7
Years
No. at risk
Controlnon-pCR 141 131 111 74 48 25 4 0
Control pCR 31 30 26 21 15 8 0 0
Pembro non-pCR 35 32 27 1 0 0 0 0
Pembro pCR 31 29 22 3 0 0 0 0
(b) Triple-negative breast cancer
1.0
Control pCR
=+-+-HiH##--+ Pembro pCR ontrote Control
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_ 0.8 Pembro non-pCR
S Non-pCR 24 63 1 [Reference]
=
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a
o
o Control non-pCR
?E 0.4 Pembro
g Event No. Hazard Ratio
w 024 Non-pCR 2 9 1 [Reference]
pCR 2 19 0.4
0 T T T T T T 1
0 1 2 3 4 5 6 7
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No. at risk
Controlnon-pCR 63 56 42 29 21 12 1 0
Control pCR 17 16 15 12 10 4 0 0
Pembro non-pCR 9 7 7 0 0 0 0 0
Pembro pCR 19 19 15 1 0 0 0 0
(C) Hormone receptor-positive ERBB2 negative
1.0 = b+ - -
Pembro pCR Control pCR Control
0.8- Event No. Hazard Ratio
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Figure 6. Event-Free survival by signature and pathologic complete response (pCR).
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Schmid P et al. [7] conducted the Phase III KEYNOTE-522 trial, a random-
ized, double-blind, placebo-controlled study, to evaluate the effectiveness of
pembrolizumab (anti-PD-1) combined with neoadjuvant chemotherapy in early-
stage triple-negative breast cancer (TNBC). A total of 1174 patients were random-
ized into two groups: one received pembrolizumab plus chemotherapy (car-
boplatin and paclitaxel), and the other received a placebo plus the same chemo-
therapy regimen. At the first interim analysis, the pembrolizumab combination
significantly improved the pathological complete response (pCR) rate to 64.8%,
compared to 51.2% in the placebo group (P < 0.001). After a median follow-up of
15.5 months, the pembrolizumab group showed a 37% reduction in the risk of
disease progression or recurrence (7.4% vs. 11.8%; HR 0.63, 95% CI, 0.43 - 0.93).
However, Grade 3 or higher treatment-related adverse events were slightly more
common in the pembrolizumab group (78.0% vs. 73.0%), including rare instances
of treatment-related mortality. The proportions of patients in the PD-L1-positive
population who experienced a pathological complete response (stage ypTO0/Tis
ypNO0) were 68.9% (230 of 334) among those who received pembrolizumab-chem-
otherapy, 54.9% (90 of 164) among those who received placebo-chemotherapy,
45.3% (29 of 64 patients), and 30.3% (10 of 33 patients) among those who received
placebo-chemotherapy in the PD-L1-negative population (Figure 7). The hazard

Pembrolizumab- Placebo- Difference in Pathological
Subgroup Chemotherapy = Chemotherapy Complete Response (95% Cl)
no. of patients with response /no. of patients (%) percentage points

Overall 260/401 (64.8)  103/201 (51.2) e 13.6 (5.4 to 21.8)
Nodal status X

Positive 136/210 (64.8) 45/102 (44.1) P —— 20.6 (8.9 to 31.9)

Negative 124/191 (64.9) 58/99 (58.6) —_— 6.3 (-5.3 to 18.2)
Tumor size i

Tlto T2 207/295 (70.2) 84/149 (56.4) | —— 13.8 (4.3 t0 23.3)

T3 to T4 53/106 (50.0) 19/52 (36.5) B 13.5 (-3.1t0 28.8)
Carboplatin schedule :

Every 3 wk 105/165 (63.6) 47/84 (56.0) —}—0— 7.7 (5.0 to 20.6)

Weekly 154/231 (66.7) 56/116 (48.3) b ——— 18.4 (7.4t029.1)
PD-L1 status 5

Positive 230/334 (68.9) 90/164 (54.9) P —— 14.2 (5.3 to 23.1)

Negative 29/64 (45.3) 10/33 (30.3) : L 2 18.3 (-3.3 t0 36.8)
Age :

<65 yr 235/355 (66.2) 95/176 (54.0) P —— 12.2 (3.4 t0 21.0)

265 yr 25/46 (54.3) 8/25 (32.0) : * 223 (2.1 to 43.5)
ECOG performance-status E

score :
0 215/328 (65.5)  85/173 (49.1) P —— 16.4 (7.3 to 25.4)
1 45/73 (61.6) 18/28 (64.3) X 2.6 (—22.1to0 18.9)
30 20 -10 0 10 20 30 40 50
Placebo— Pembrolizumab-
Chemotherapy Chemotherapy
Better Better

Figure 7. Subgroup analysis of difference in percentages of patients with a pathological complete response (stage ypT0/Tis
ypNO).
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ratio for disease progression (precluding definitive surgery), local or distant re-
currence or a second primary tumor, or death from any cause favored the pem-
brolizumab-chemotherapy group (hazard ratio, 0.63; 95% CI, 0.43 to 0.93). The
Kaplan-Meier estimates of the percentage of patients who were alive at 18 months
without disease progression that precluded definitive surgery, without local or dis-
tant recurrence, and without a second primary tumor were 85.3% (95% CI, 80.3
to 89.1) in the placebo-chemotherapy group and 91.3% (95% CI, 88.8 to 93.3) in
the pembrolizumab-chemotherapy group; neither group reached the median

(Figure 8).

100
go_m
80+
704
60—
50+
40+
30
20+
10 Hazard ratio for an event or death, 0.63 (95% Cl, 0.43-0.93)

= Pembrolizumab-chemotherapy
= Placebo—chemotherapy

Patients without an Event or Death (%)

eIIIIIIIII[IIIIIIIIIIIIIIII]

0 3 6 9 12 15 18 21 24 27
Months

No. at Risk
Pembrolizumab—chemotherapy 784 780 765 666 519 376 242 73 2 0
Placebo—chemotherapy 390 386 380 337 264 186 116 35 1 0

Figure 8. Kaplan-Meier estimates of event-free survival, according to trial group in the
intention-to-treat population.
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D1: Bias arising from the randomization process. High
D2: Bias due to deviations from intended intervention. . 9
D3: Bias due to missing outcome data. - Some concerms
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. . Low

The overall ROB was recorded as low in three RCTs. The risk of bias was rec-
orded as high for Nanda et al. [8] (due to its small pembrolizumab-treated cohort

and adaptive trial design) and Gianni et a/ [23] (due to its small sample size and
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lack of PD-L1 stratification).

4. Discussion

Triple-Negative breast cancer (TNBC) remains one of the most challenging sub-
types of breast cancer due to its aggressive nature and lack of targeted therapies
[25]. The approval of several targeted therapies, such as PARP inhibitors (olaparib
and talazoparib) [12] and the PD-L1 inhibitor (atezolizumab) [21], for treating
advanced or metastatic TNBC has driven a surge in clinical trials investigating
their efficacy in early-stage disease. Currently, neoadjuvant chemotherapy (NACT)
remains the standard approach for managing early-stage breast cancer [26]. The
integration of immune checkpoint inhibitors (ICIs) into the treatment landscape
for early-stage TNBC has shown promising results, particularly in combination
with neoadjuvant chemotherapy. This systematic review focuses on key clinical
trials and emerging real-world evidence. Historically, achieving a pathological
complete response (pCR) in TNBC has shown a strong correlation with event-free
survival (EFS) rates [27]. As a result, pCR is widely recognized as a surrogate end-
point for predicting long-term clinical outcomes in early-stage cancers. In 2014,
the FDA issued guidance endorsing pCR as an endpoint for the accelerated ap-
proval of neoadjuvant treatments in TNBC and related breast cancers [28]. Our
findings suggest that the addition of ICIs, particularly PD-1/PD-L1 inhibitors
such as pembrolizumab and atezolizumab, to neoadjuvant chemotherapy signifi-
cantly improves pathological complete response (pCR) rates. Studies, including
KEYNOTE-522 [7] have demonstrated a substantial increase in pCR, which is
strongly correlated with improved event-free survival (EFS) and overall survival
(OS). Furthermore, exploratory analyses indicate that patients with PD-L1-posi-
tive tumors derive the greatest benefit, though some response is observed in PD-
L1-negative subgroups as well.

In the durvalumab study, [24] showed a non-significant increase in pCR rates
in the durvalumab group, significant improvements were observed in survival
outcomes. The 3-year iDFS was 85.6% in the durvalumab group, compared to
77.2% in the placebo group (hazard ratio (HR) 0.48, 95% CI 0.24 - 0.97, P = 0.036).
Additionally, the DDFS improved from 78.4% in the placebo group to 91.7% in
the durvalumab group (HR 0.31, 95% CI 0.13 - 0.74, P = 0.005), and OS was sig-
nificantly better in the durvalumab group at 95.2% compared to 83.5% in the pla-
cebo group (HR 0.24, 95% CI 0.08 - 0.72, P = 0.006). One of the major concerns
regarding ICI use in early-stage TNBC is the risk of immune-related adverse
events (irAEs). Immune-related adverse events (irAEs) were observed in 28% of
patients treated with anti-PD-1 therapies and 53% of those receiving anti-PD-L1
inhibitors, as reported by Patrinely JR et al (2021). Among specific agents, ate-
zolizumab (74%) and nivolumab (81%) exhibited notably higher irAE rates com-
pared to pembrolizumab (18%) and avelumab (10%) [29]. For mild dermatologic
irAEs, symptomatic management is recommended without discontinuing ICIs,

often involving topical corticosteroids and antihistamines [30]. In moderate cases,

DOI: 10.4236/s5.2025.163017

161 Surgical Science


https://doi.org/10.4236/ss.2025.163017

M. N. Ripa et al.

temporary suspension of ICI therapy may be necessary. Severe irAEs may require
permanent discontinuation of treatment, along with high-dose corticosteroids
(1 - 2 mg/kg/day of prednisone or equivalent). If symptoms persist, additional
immunosuppressive agents like infliximab or mycophenolate mofetil may be
needed [31]. The presence of irAEs has important implications for treatment ad-
herence, survival outcomes, and quality of life in TNBC patients. Research sug-
gests that the development of irAEs may be associated with improved treatment
response and overall survival, potentially indicating a connection between im-
mune activation and tumor control. The review highlights that while most irAEs
are manageable with standard immunosuppressive therapy, a subset of patients
experiences severe toxicities that may necessitate treatment discontinuation. En-
docrine-related toxicities, including hypothyroidism and adrenal insufficiency,
are particularly long-term monitoring. Balancing the potential h toxicity risks re-
mains a crucial challenge in patient selection and treatment planning. Real-world
data are beginning to complement findings from clinical trials, offering insights
into treatment patterns and long-term outcomes in diverse patient populations.
However, the generalizability of clinical trial results to broader patient cohorts,
including those with comorbidities and older age groups, remains an area requir-
ing further exploration. Ongoing and future studies are expected to refine treat-
ment algorithms and provide guidance on the optimal duration of immunother-
apy in the neoadjuvant and adjuvant settings.

Furthermore, the development of biomarkers to predict patient response and
select the best candidates for immunotherapy could significantly improve treat-
ment outcomes and minimize adverse effects, providing a more personalized ap-
proach to care. Biomarkers associated with immune activation, tumor microenvi-
ronment changes, and immune checkpoint expression can help identify patients
who are most likely to benefit from ICIs. This could lead to a more refined selec-
tion of patients for personalized treatment plans, optimizing therapeutic efficacy

while minimizing unnecessary toxicities.

5. Limitations

The current review of neoadjuvant immunotherapy in Triple-Negative breast can-
cer (TNBC) has several limitations. The existing literature is limited, with varia-
bility in study design and patient populations, impacting the generalizability of
findings. Most studies focus on short-term outcomes, lacking long-term survival
data. There is also a lack of standardized biomarkers to predict treatment re-
sponse, and limited research on immune-related toxicities. Additionally, the re-
view primarily centers on immune checkpoint inhibitors, with little exploration
of combination therapies. The inclusion criteria were limited to English-language

studies, potentially omitting relevant research in other languages.

6. Conclusion

The review ICIs represent, a significant advancement in the management of early-
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stage TNBC, demonstrating improved pCR and survival outcomes. However, op-

timizing patient selection, mitigating immune-related toxicities, and identifying

reliable biomarkers remain critical challenges. Future research should focus on

refining treatment strategies to maximize benefits while minimizing risks, ulti-

mately improving outcomes for patients with early-stage TNBC.
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