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Abstract
Purpose  Neoadjuvant anti-PD-(L)1 therapy improves the pathological complete response (pCR) rate in unselected triple-
negative breast cancer (TNBC). Given the potential for long-term morbidity from immune-related adverse events (irAEs), 
optimizing the risk–benefit ratio for these agents in the curative neoadjuvant setting is important. Suboptimal clinical response 
to initial neoadjuvant therapy (NAT) is associated with low rates of pCR (2–5%) and may define a patient selection strategy 
for neoadjuvant immune checkpoint blockade. We conducted a single-arm phase II study of atezolizumab and nab-paclitaxel 
as the second phase of NAT in patients with doxorubicin and cyclophosphamide (AC)-resistant TNBC (NCT02530489).
Methods  Patients with stage I–III, AC-resistant TNBC, defined as disease progression or a < 80% reduction in tumor vol-
ume after 4 cycles of AC, were eligible. Patients received atezolizumab (1200 mg IV, Q3weeks × 4) and nab-paclitaxel  
(100 mg/m2 IV,Q1 week × 12) as the second phase of NAT before undergoing surgery followed by adjuvant atezolizumab 
(1200 mg IV, Q3 weeks, × 4). A two-stage Gehan-type design was employed to detect an improvement in pCR/residual cancer 
burden class I (RCB-I) rate from 5 to 20%.
Results  From 2/15/2016 through 1/29/2021, 37 patients with AC-resistant TNBC were enrolled. The pCR/RCB-I rate was 
46%. No new safety signals were observed. Seven patients (19%) discontinued atezolizumab due to irAEs.
Conclusion  This study met its primary endpoint, demonstrating a promising signal of activity in this high-risk population 
(pCR/RCB-I = 46% vs 5% in historical controls), suggesting that a response-adapted approach to the utilization of neoadju-
vant immunotherapy should be considered for further evaluation in a randomized clinical trial.
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Introduction

Immune checkpoint blockade has significantly altered 
the treatment landscape of triple-negative breast cancer 
(TNBC). In the metastatic setting, the addition of anti-PD-
(L)1 therapy to chemotherapy has significantly improved 
progression-free and overall survival in patients with PD-L1 
expressing TNBC [1–4]. More recently, two large rand-
omized phase III studies demonstrated that the addition of 
anti-PD-(L)1 therapy, specifically atezolizumab or pembroli-
zumab, to anthracycline-based chemotherapy in the curative 
neoadjuvant setting resulted in a significant improvement in 
rates of pathological complete response (pCR) [5, 6] with 
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subsequent follow-up data revealing a statistically signifi-
cant difference in event-free survival (EFS) [7]. These data 
resulted in the approval of pembrolizumab for patients with 
high-risk, early-stage TNBC in combination with chemo-
therapy as neoadjuvant treatment, and then continued as 
a single agent as adjuvant therapy after surgery. However, 
given the potential for long-term morbidity from immune-
related adverse events (irAEs), it is important to optimize the 
risk–benefit ratio for these agents in patients who are being 
treated with curative intent.

In contrast to the success of immune checkpoint block-
ade when used in combination with chemotherapy, the effi-
cacy of immune checkpoint inhibitor monotherapy has been 
modest in TNBC [8]. Collectively, these data suggest that 
chemotherapy augments the clinical efficacy of immune 
checkpoint blockade in TNBC. Indeed, chemotherapeutic 
agents commonly used in TNBC such as anthracyclines, 
cyclophosphamide, taxanes, and platinum compounds have 
been shown to augment antitumor immunity [9–13]. Nota-
bly, anthracyclines have been shown to induce immunogenic 
cell death which is characterized by release of high mobil-
ity group box 1 and enhanced tumor antigen uptake and 
presentation by dendritic cells [14] and resistance to initial 
anthracycline-based neoadjuvant chemotherapy portends a 
low probability of pathological complete response (pCR) 
with additional chemotherapy [15, 16]. Thus, given the key 
role of chemotherapy in facilitating antitumor immunity 
and response to immune checkpoint blockade, it is unclear 
if anthracycline resistance abrogates the clinical benefit of 
immune checkpoint blockade in patients with TNBC. How-
ever, in addition to immunogenic effects mediated by tumor 
cell killing, anthracyclines have been reported to relieve sup-
pression of antitumor immunity by favorably altering the 
immune milieu through elimination of myeloid-derived sup-
pressor cells [17]. Thus, it is plausible that even in the setting 
of anthracycline resistance, direct immunogenic effects of 
anthracyclines may prime the tumor-immune microenvi-
ronment, paving the way for enhanced efficacy of immune 
checkpoint blockade in combination with other classes of 
chemotherapeutic agents such as taxanes, which have been 
shown to enhance T-cell and natural killer cell function in 
patients with stage II–III breast cancer [18].

Atezolizumab is a humanized immunoglobulin G1 mono-
clonal antibody that selectively targets PD-L1 thereby inter-
fering with its interaction with the PD-1 receptor [1]. It has 
demonstrated a good safety profile in patients with TNBC, 
either as monotherapy [19] or in combination with chemo-
therapy [1]. Specifically, the combination of atezolizumab 
and nab-paclitaxel has demonstrated a favorable safety pro-
file and promising signs of antitumor activity in patients 
with metastatic, PD-L1-expressing, TNBC [1].

Based on this background, we conducted a single institu-
tion, phase II study to determine the efficacy of neoadjuvant 

atezolizumab and nab-paclitaxel in patients with anthracy-
cline-resistant, stage I-III TNBC.

Methods

Eligibility

Patients who were at least 18 years old were eligible for the 
study if they had histologically confirmed stage I-III TNBC 
and were planned to receive neoadjuvant chemotherapy. 
TNBC was defined as breast cancers with < 10% estrogen 
receptor (ER) and progesterone receptor (PR) staining of 
invasive tumor cells by immunohistochemistry (IHC) that 
was also negative for the human epidermal growth factor 
receptor 2 (HER2) according to HER2 testing guidelines 
from the American Society of Clinical Oncology/College 
of American Pathologists [20]. The primary tumor or a his-
tologically confirmed regional nodal metastases had to be at 
least 1.5 cm on mammography, ultrasound, or MRI.

Patients had to have received neoadjuvant doxorubicin 
and cyclophosphamide (AC), with or without 5-fluorouracil 
(5-FU), with radiographic evidence of anthracycline resist-
ance, defined as disease progression during AC or a < 80% 
decrease in the calculated volume of the index lesion by 
ultrasound after 4 cycles of AC. Other than the anthracy-
cline and cyclophosphamide chemotherapy, with or with-
out 5-FU, no other prior treatment for breast cancer was 
allowed. Patients were required to have an Eastern Coop-
erative Oncology Group (ECOG) performance status of 1 
or better, as well as adequate organ and marrow function. 
Patients were excluded if they had a history of autoimmune 
disease, were known to be human immunodeficiency virus 
(HIV) positive, had a prior history of allogeneic or solid 
organ transplants, received immunostimulatory agents 
within 4 weeks of enrollment, or received systemic immu-
nosuppressants (including corticosteroids) within 1 week of 
enrollment.

The protocol was reviewed by The University of Texas 
MD Anderson Cancer Center (MD Anderson) Institutional 
Review Board and all patients provided written informed 
consent to take part in the study.

Study design and treatment

The primary objective of this study was to evaluate the effi-
cacy of the combination of atezolizumab and nab-paclitaxel 
in patients with AC-resistant stage I-III TNBC, defined as 
the rate of pCR/residual cancer burden class I (RCB-I) dis-
ease. Atezolizumab was administered intravenously (IV) at 
a dose of 1200 mg every 3 weeks for 12 weeks (4 cycles). 
Nab-paclitaxel was administered in parallel at a dose of 
100 mg/m2 IV once a week for 12 weeks. After 12 weeks 
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of therapy, patients underwent definitive surgical resection. 
Within 4 weeks of surgery, patients initiated atezolizumab 
1200 mg IV every 3 weeks for another 12 weeks (4 cycles) 
as adjuvant therapy.

Evaluations performed before and during treatment 
included a complete medical history, physical examinations, 
hematologic and metabolic profiles, relevant imaging stud-
ies, and toxicity assessments. Patients remained on study 
until radiologic evidence of disease progression, unaccep-
table toxicity, or withdrawal of consent.

Safety monitoring and dose modification guidelines

Patients were evaluated for toxicity while on study through 
the monitoring of all serious and non-serious adverse events, 
defined and graded according to the National Cancer Insti-
tute’s Common Terminology Criteria for Adverse Events 
(NCI CTCAE), version 4.0. Patients were followed for safety 
for 30 days following the last dose of study treatment or 
until receipt of another cancer-directed therapy, whichever 
occurred first.

Immune-related adverse events (irAEs) were managed at 
the discretion of the treating oncologist in the context of the 
nature of the toxicity and degree of clinical benefit to the 
patient, with prespecified guidelines to aid clinical decision 
making. Specifically, grade 1–2 irAEs were primarily man-
aged with supportive and symptomatic care without dose 
interruptions. Grade 3 or higher irAEs were managed by 
holding atezolizumab and administering systemic steroids. 
Recurrent grade 2 irAEs were managed by holding atezoli-
zumab and/or administering systemic steroids.

Grade 4 neutropenia lasting 1 week or longer was man-
aged by a dose interruption followed by a dose reduction of 
nab-paclitaxel to 75 mg/m2 IV once weekly for subsequent 
cycles. Grade 3 or greater sensory neuropathy was also man-
aged by a dose interruption of nab-paclitaxel followed by a 
dose reduction to 75 mg/m2 IV once weekly after resolution 
to grade 2 or less. Grade 3 hepatic toxicity was managed 
by a dose interruption of nab-paclitaxel followed by a dose 
reduction to 75 mg/m2 IV once weekly after resolution to 
grade 1 or less. Nab-paclitaxel was permanently discontin-
ued in patients with grade 4 hepatic toxicity. Additional dose 
reductions of nab-paclitaxel to 50 mg/m2 IV once weekly for 
recurrent grade 3 toxicities were allowed at the discretion of 
the treating oncologist.

Disease monitoring

All patients enrolled in this study were evaluated for dis-
ease progression by physical examination and/or imaging at 
the discretion of the treating oncologist. Study therapy was 
discontinued in patients with evidence of disease progres-
sion. Upon early discontinuation of therapy or completion 

of 12 weeks of study therapy, patients underwent surgical 
resection. Pathological response was determined using the 
residual cancer burden (RCB) index [21], with pCR defined 
as the absence of residual invasive cancer on hematoxylin 
and eosin (H&E) evaluation of the complete resected breast 
specimen and all sampled regional lymph nodes follow-
ing completion of neoadjuvant systemic therapy (ypT0/Tis 
ypN0). Patients experiencing disease progression during 
neoadjuvant therapy to such an extent that precluded defini-
tive surgical resection were classified as having RCB-III 
disease.

Stromal tumor‑infiltrating lymphocyte assessment 
and immunohistochemistry

Pre-treatment tumor tissue obtained prior to initiation of AC 
was used for stromal tumor-infiltrating lymphocyte (TIL) 
assessment and immunohistochemistry (IHC). The percent-
age of stromal TIL was determined on H&E-stained slides 
according to standard methods established by the Interna-
tional TILs Working Group [22]. High TIL tumors were 
defined as tumors with stromal TIL infiltration of ≥ 20% 
[23]. IHC staining for Ki67 (clone MIB-1, Dako; 1:100) 
and androgen receptor (AR, clone AR441, Dako; 1:30) were 
performed on unstained 4-µm thick tissue sections that had 
been prepared from a representative core biopsy paraffin 
block of the original untreated tumor as previously described 
[24]. PD-L1 expression was assessed using the PD-L1 IHC 
22C3 pharmDx kit (Dako) on the Dako Autostainer Link, 
as previously described [24]. PD-L1 positivity was defined 
as a combined positive score (CPS) [25] of at least 1. At 
the time of study activation, thresholds for PD-L1 positivity 
in TNBC using the SP142 assay were not yet established. 
Upon study completion we additionally performed PD-L1 
IHC using the Ventana SP142 assay kit (Roche Diagnostics) 
on the Ventana BenchMark Ultra, according to the manufac-
turers’ instructions. Slides were counterstained with Mayer’s 
hematoxylin and results were evaluated with known posi-
tive and negative tissue controls. The percentage of PD-L1 
expression in tumor-infiltrating immune cells was assessed 
as the proportion of tumor area occupied by PD-L1-positive 
immune cells of any intensity in any cell compartment [1]. 
Stromal TIL and IHC stains were evaluated by dedicated 
breast pathologists (L.H., Q.Q.D.).

Statistical methods

The planned enrollment for this study was 37 patients. A 
two-stage Gehan design was employed and 19 patients 
were enrolled in the first stage. If at least one of the first 
19 patients experienced a favorable response, defined as a 
pathological response of pCR or RCB-I, enrollment was to 
continue for another 18 patients (total n = 37). This design 
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provided a 38%, 14%, 5%, and 1% probability of termination 
after the first stage if the true response rate was 5%, 10%, 
15%, and 20%, respectively. At the maximum enrollment 
of 37 patients, the exact 95% confidence interval (CI) for a 
response rate of 15% would extend from 5 to 31%. Associa-
tions between clinicopathological characteristics and patho-
logical response were examined using logistic regression 
models. All reported p values were two sided and those less 
than 0.05 were considered statistically significant.

Results

Patients

Between 2/15/2016 and 1/29/2021, a total of 37 female 
patients with anthracycline-resistant TNBC were enrolled 
and treated at MD Anderson. The baseline clinical charac-
teristics of patients as well as pathological features of their 
tumors are summarized in Table 1. The median age at diag-
nosis was 53.8 years (range 27.3–74.9). Twenty-seven (23%) 
patients had node-positive disease at the time of diagnosis. 
Twelve patients (32%) had tumors with high TIL infiltra-
tion (≥ 20% stromal TIL) and 21 patients (57%) had PD-L1 
positive (CPS ≥ 1) tumors. All patients received neoadjuvant 
doxorubicin and cyclophosphamide (AC) prior to enrollment 
on this study. Thirty-four patients (92%) received four cycles 
of AC prior to enrollment on this study, one patient (3%) 
received three cycles, and two patients (5%) received two 
cycles. Figure 1 summarizes the volumetric change in tumor 
size by ultrasound to AC and the total number of cycles of 
AC received by each patient. Thirteen patients (35%) had 
evidence of increase in tumor volume by ultrasound after 
completion of AC (Fig. 1). One patient was enrolled on the 
study despite experiencing an 81% decrease in tumor vol-
ume by ultrasound after 4 cycles of AC at the discretion of 
the treating oncologist after discussion with the Principal 
Investigator due to substantial disease burden by physical 
examination, suggesting a low likelihood of pCR with stand-
ard taxane-based therapy.

Efficacy

Thirty-two patients underwent an optional breast ultra-
sound after the last dose of neoadjuvant atezolizumab and 
nab-paclitaxel (end of treatment). Figures 2A–C summa-
rize the kinetics of tumor response by ultrasound. Of the 
thirteen patients who had evidence of increase in tumor 
volume by ultrasound after completion of AC, nine expe-
rienced a decrease in tumor volume with atezolizumab and 
nab-paclitaxel, two experienced a further increase in tumor 
volume with atezolizumab and nab-paclitaxel, and the 
remaining two did not have an end of treatment ultrasound 

performed (Fig. 2A–B). Among the 13 patients with evi-
dence of increase in tumor volume after AC, three (23%) 
experienced a pCR (Fig. 2B), five were found to have 
RCB-II disease (38%), and five were found to have RCB-
III disease (38%) following treatment with atezolizumab 
and nab-paclitaxel. Of the 24 patients who had evidence 
of decrease in tumor volume by ultrasound after comple-
tion of AC, 20 patients experienced a further decrease 

Table 1   Baseline clinicopathological characteristics

1 One patient with presumed clinical N1-2 disease and another with 
presumed clinical N3 disease at the time of diagnosis did not have 
cytologic or histologic confirmation of nodal involvement
2 In one patient with metaplastic carcinoma, the diagnosis of meta-
plastic carcinoma was made based on the surgical specimen after 
completion of neoadjuvant therapy

Characteristic Patients (N = 37)

Median age at diagnosis (range)–years 53.8 (27.3–74.9)
Race– n (%)
 White 25 (68)
 Black 6 (16)
 Other 6 (16)

Clinical T stage – n (%)
 T1 5 (14)
 T2 21 (57)
 T3 6 (16)
 T4 5 (14)

Clinical nodal status – n (%)
 N0 10 (27)
 N1-21 15 (41)
 N31 12 (32)

Histology – n (%)
 Invasive ductal carcinoma 35 (95)
 Metaplastic carcinoma 2 (5)

Histologic grade – n (%)
 1 1 (3)
 2 6 (16)
 3 30 (81)

Ki67 – n (%)
  < 17% 2 (5)
 17–35% 7 (19)
  > 35% 27 (73)
 Unknown 1 (3)

Stromal TIL - n (%)
  < 20% 25 (68)
  ≥ 20% 12 (32)

PD-L1 (22C3) Combined positive score – n (%)
  < 1 16 (43)
  ≥ 1 21 (57)

Androgen receptor expression – n (%)
  < 10% 30 (81)
  ≥ 10% 7 (19)
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in tumor volume with atezolizumab and nab-paclitaxel, 
one patient experienced an increase in tumor volume with 
atezolizumab and nab-paclitaxel, and the remaining three 
patients did not have an end of treatment ultrasound per-
formed (Fig. 2C). Of the 37 patients enrolled, 12 (32%, 
95% confidence interval [CI]: 18–50%) experienced a 
pCR, 5 (14%, 95% CI: 5–29%) had RCB-I, 12 (32%, 95% 
CI: 18–50%) had RCB-II, and 8 (22%, 95% CI: 10–38%) 
had RCB-III disease (Fig. 2D). We examined associations 
between baseline clinicopathological characteristics and 
pathological response after neoadjuvant therapy and found 
that only higher age at diagnosis (odds ratio [OR]: 2.01 
per 10 years; 95% CI: 1.04–3.88, p = 0.039) and high stro-
mal TIL (OR: 5.6; 95% CI: 1.24–25.33; p = 0.025) were 
significantly associated with higher odds of pCR (Fig. 3). 
Of note, PD-L1 positivity (22C3, CPS ≥ 1) was not signifi-
cantly associated with higher odds of pCR (OR: 1.85; 95% 
CI: 0.44–7.74; p = 0.40, Fig. 3, Supplementary Table 1) 
and while using CPS ≥ 10 as the definition of PD-L1 
positivity resulted in a numerically higher odds ratio, this 
association was not statistically significant (OR: 3.17; 
95% CI: 0.74–13.59; p = 0.12, Supplementary Table 1). 
To comprehensively assess the role of PD-L1 expression 
on pathological response in this study, we retrospectively 
performed PD-L1 IHC using the SP142 assay and found 
no statistically significant associations with pathological 
response (OR: 4.44, 95% CI: 0.35–55.5; p = 0.25, Sup-
plementary Table 1). 

Toxicity

All 37 patients received at least one dose of atezolizumab 
and nab-paclitaxel and were evaluable for toxicity. Severe 
(grade 3 or greater) or frequent (> 5%, any grade) treatment-
related adverse events are summarized in Table 2. Two 
patients (5.4%) experienced grade 4 increases in serum cre-
atinine and one patient (2.7%) experienced grade 4 neutro-
penia. The most common grade 3 toxicities were neutropenia 
in 5 patients (13.5%) and increase in alanine aminotrans-
ferase in 3 patients (8.1%). Immune-related adverse events 
(irAEs) led to discontinuation of atezolizumab in 7 patients 
(18.9%) (Table 3).

Exposure to atezolizumab

Twenty-three patients (62%) received all eight doses of 
atezolizumab per protocol. Of the 14 patients who did 
not receive all eight doses of atezolizumab, eight patients 
discontinued atezolizumab during the neoadjuvant phase. 
Among these 8 patients, the reasons for discontinuation were 
disease progression in one patient, interstitial nephritis in 
two patients, autoimmune hepatitis in two patients, mus-
cle weakness in one patient, neuropathy in one patient, and 
patient preference in one patient. The remaining six patients 
discontinued atezolizumab in the adjuvant phase of the 
protocol. Reasons for discontinuation during the adjuvant 
phase were disease recurrence in three patients, autoimmune 

Fig. 1   Response to doxorubicin 
and cyclophosphamide (AC). 
Waterfall plot summarizing 
the percent volumetric change 
to initial AC chemotherapy 
prior to study enrollment. The 
asterix identifies a patient who 
experienced a 19,489% increase 
in tumor volume after 4 cycles 
of AC. Colors represent the 
total number of cycles of AC 
received prior to enrollment 
(red = 2; gray = 3; blue = 4) and 
the dashed line indicates an 80% 
decrease in calculated tumor 
volume. AC = doxorubicin plus 
cyclophosphamide
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hepatitis and thyroiditis in one patient, adrenal insufficiency 
in one patient, and patient preference in one patient.

Exposure to nab‑paclitaxel

Twenty patients (54%) received a total of 1200 mg/m2 of 
nab-paclitaxel during the neoadjuvant phase of the study per 
protocol. Reasons for dose reduction/early discontinuation of 
nab-paclitaxel in the remaining 17 patients were disease pro-
gression in one patient, neuropathy in five patients, elevated 
liver enzymes and hepatitis in four patients, neutropenia in 

two patients, myalgias in one patient, interstitial nephritis 
in one patient, and patient preference/physician discretion 
in three patients.

Discussion

Here, we report the first study investigating the use of ate-
zolizumab in combination with nab-paclitaxel in patients 
with AC-resistant TNBC. In the present study, the combina-
tion of atezolizumab and nab-paclitaxel was well tolerated 

Fig. 2   Volumetric changes in tumor size during neoadjuvant ther-
apy and pathological response following completion of neoadjuvant 
therapy. (A–C) Spider plots summarizing changes in tumor volume 
as assessed by ultrasonography before initiation of neoadjuvant 
therapy (pre-treatment), after completion of initial standard chemo-
therapy with doxorubicin and cyclophosphamide and prior to initia-
tion of study treatment (post-AC) and after completion of all neoad-
juvant therapy (end of treatment) in a single patient with significant 
progression (A), patients who experienced increase in tumor volume 

after completion of AC (B), and patients who experienced a decrease 
in tumor volume, albeit suboptimal, after completion of AC (C). All 
percentages are relative to pre-treatment measurements. Solid circles 
in the post-AC time point for Figs.  2A–C indicate patients who did 
not have an end of treatment ultrasound performed prior to surgery. 
Line colors represent pathological response to neoadjuvant therapy 
(green = pCR; red = non-pCR). (D) Pie chart summarizing the patho-
logical responses observed following completion of neoadjuvant ther-
apy on this study



463Breast Cancer Research and Treatment (2023) 199:457–469	

1 3

and demonstrated promising signals of clinical efficacy in 
patients with AC-resistant TNBC, supporting the use of a 
response-adapted approach for anti-PD-(L)1 therapy in the 
neoadjuvant setting. Although anti-PD-1 therapy is now 
FDA approved in combination with chemotherapy as neo-
adjuvant therapy for patients with high-risk, early-stage, 
TNBC, the potential for long-term morbidity from irAEs 
is an important clinical consideration in the curative neo-
adjuvant setting. In the absence of a predictive biomarker 
to identify patients who might derive benefit from the addi-
tion of neoadjuvant anti-PD-(L)1 therapy to chemotherapy, 
a response-adapted approach such as that presented in this 
study may widen the therapeutic window for anti-PD-(L)1 

therapy, especially in patients who may be at higher risk for 
irAEs. Of note, an exploratory analysis of event-free survival 
by residual cancer burden in patients treated on the KEY-
NOTE-522 trial demonstrated that the greatest improvement 
in event-free survival attributable to the addition of anti-
PD-1 therapy were among patients with RCB-II disease [26], 
further suggesting that early identification of patients with 
chemotherapy-resistant TNBC may be a viable strategy to 
select patients most likely to benefit from the addition of 
anti-PD-(L)1 therapy in the neoadjuvant setting. Further, 
our study is one of three reported neoadjuvant clinical tri-
als for patients with TNBC where anti-PD-(L)1 therapy 
was not used in combination with anthracycline-based 

Fig. 3   Clinicopathological 
determinants of response to 
neoadjuvant therapy. Forest plot 
showing associations between 
clinicopathological features and 
odds ratios (with 95% confi-
dence intervals) of pathological 
complete response (pCR) to 
neoadjuvant therapy
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Table 2   Treatment-related 
adverse events

Grade (worst per patient), N = 37

Total Grade 4 Grade 3 Grade 2 Grade 1

 Adverse event – n (%)
 Creatinine increased 5 (13.5) 2 (5.4) 3 (8.1)
 Neutrophil count decreased 19 (51.4) 1 (2.7) 5 (13.5) 12 (32.4) 1 (2.7)
 Alanine aminotransferase increased 16 (43.2) 3 (8.1) 2 (5.4) 11 (29.7)
 Anemia 23 (62.2) 2 (5.4) 13 (35.1) 8 (21.6)
 Neuropathy 21 (56.8) 2 (5.4) 6 (16.2) 13 (35.1)
 Aspartate aminotransferase increased 16 (43.2) 2 (5.4) 2 (5.4) 12 (32.4)
 Hyponatremia 5 (13.5) 2 (5.4) 3 (8.1)
 Acute kidney injury 2 (5.4) 2 (5.4)
 Urinary tract infection 2 (5.4) 2 (5.4)
 Pain 5 (13.5) 1 (2.7) 1 (2.7) 3 (8.1)
 White blood cell decreased 4 (10.8) 1 (2.7) 1 (2.7) 2 (5.4)
 Vomiting 3 (8.1) 1 (2.7) 2 (5.4)
 Muscle weakness lower limb 2 (5.4) 1 (2.7) 1 (2.7)
 Adrenal insufficiency 1 (2.7) 1 (2.7)
 Breast pain 1 (2.7) 1 (2.7)
 Cystitis noninfective 1 (2.7) 1 (2.7)
 Immune system disorders—Other 1 (2.7) 1 (2.7)
 Fatigue 27 (73.0) 9 (24.3) 18 (48.6)
 Nausea 11 (29.7) 1 (2.7) 10 (27.0)
 Rash maculo-papular 11 (29.7) 11 (29.7)
 Anorexia 9 (24.3) 1 (2.7) 8 (21.6)
 Myalgia 9 (24.3) 1 (2.7) 8 (21.6)
 Fever 8 (21.6) 2 (5.4) 6 (16.2)
 Dysgeusia 8 (21.6) 1 (2.7) 7 (18.9)
 Diarrhea 6 (16.2) 6 (16.2)
 Pruritus 6 (16.2) 6 (16.2)
 Constipation 5 (13.5) 2 (5.4) 3 (8.1)
 Insomnia 5 (13.5) 2 (5.4) 3 (8.1)
 Dry mouth 5 (13.5) 5 (13.5)
 Dry skin 5 (13.5) 5 (13.5)
 Dyspnea 5 (13.5) 5 (13.5)
 Epistaxis 5 (13.5) 5 (13.5)
 Hyperglycemia 5 (13.5) 5 (13.5)
 Mucositis oral 5 (13.5) 5 (13.5)
 Arthralgia 4 (10.8) 4 (10.8)
 Edema limbs 4 (10.8) 4 (10.8)
 Headache 4 (10.8) 4 (10.8)
 Hypokalemia 4 (10.8) 4 (10.8)
 Hypomagnesemia 4 (10.8) 4 (10.8)
 Nail discoloration 4 (10.8) 4 (10.8)
 Hypothyroidism 3 (8.1) 2 (5.4) 1 (2.7)
 Nail infection 3 (8.1) 2 (5.4) 1 (2.7)
 Abdominal pain 3 (8.1) 1 (2.7) 2 (5.4)
 Erythema multiforme 3 (8.1) 1 (2.7) 2 (5.4)
 Chills 3 (8.1) 3 (8.1)
 Cough 3 (8.1) 3 (8.1)
 Hot flashes 3 (8.1) 3 (8.1)
 Platelet count decreased 3 (8.1) 3 (8.1)
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chemotherapy, contributing to our understanding of the 
optimal clinical setting for employing anti-PD-(L)1 therapy 
in patients with early-stage TNBC.

In the overall study population, we observed a pCR 
rate of 32%. Although this is lower compared to the pCR 
rate observed in the atezolizumab arm of IMpassion031 
(pCR = 58% in atezolizumab arm) [6] where patients 
received atezolizumab in combination with nab-paclitaxel 
followed by AC as neoadjuvant treatment, the NeoTRIP 
study (pCR = 49% in atezolizumab arm) [27] where 
patients received neoadjuvant atezolizumab in combination 
with nab-paclitaxel and carboplatin, and the single-arm 
NeoPACT study (pCR = 58%) [28] where patients received 
neoadjuvant pembrolizumab and carboplatin plus docetaxel, 
it is important to note that unlike IMpassion031, NeoTRIP, 
and NeoPACT, our study was designed specifically for 
patients with chemotherapy-resistant TNBC, where a pCR 
rate of 32% and a pCR/RCB-I rate of 46% is significantly 

higher than the previously reported rate of 2–5% [15, 16]. 
Treatment-related adverse events observed on this study 
were generally similar to that reported in prior studies of 
atezolizumab and nab-paclitaxel [6]. Of note, 7 patients 
experienced irAEs leading to early discontinuation of ate-
zolizumab. Of note, this single-arm phase II study was part 
of the larger ARTEMIS trial (NCT02276443) where patients 
with AC-resistant TNBC were preferentially enrolled on spe-
cific clinical trials based on the pathological and/or molecu-
lar characteristics of the tumor. Based on the trial alloca-
tion algorithm of ARTEMIS, patients with PD-L1 positive 
tumors were preferentially enrolled on this study, resulting 
in an enrichment of patients with PD-L1 positive tumors.

There is growing recognition of the importance of anthra-
cyclines in facilitating responses to anti-PD-(L)1 therapy in 
TNBC. First, data from the TONIC study demonstrated that 
compared with cisplatin and cyclophosphamide, induction 
with doxorubicin led to higher rates of response to anti-PD-1 

Table 2   (continued) Grade (worst per patient), N = 37

Total Grade 4 Grade 3 Grade 2 Grade 1

 Paresthesia 2 (5.4) 1 (2.7) 1 (2.7)
 Alkaline phosphatase increased 2 (5.4) 2 (5.4)
 Blurred vision 2 (5.4) 2 (5.4)
 Bone pain 2 (5.4) 2 (5.4)
 Cardiac troponin T increased 2 (5.4) 2 (5.4)
 Edema face 2 (5.4) 2 (5.4)
 Eye disorders - Other 2 (5.4) 2 (5.4)
 Fall 2 (5.4) 2 (5.4)
 Flu like symptoms 2 (5.4) 2 (5.4)
 Hypercalcemia 2 (5.4) 2 (5.4)
 Hyperthyroidism 2 (5.4) 2 (5.4)
 Nail ridging 2 (5.4) 2 (5.4)
 Oral pain 2 (5.4) 2 (5.4)
 Palpitations 2 (5.4) 2 (5.4)

Table 3   Immune-related adverse events leading to discontinuation of atezolizumab

Patient Adverse event Exposure to atezolizumab 
in the neoadjuvant phase

Exposure to atezoli-
zumab in the adjuvant 
phase

A Alanine aminotransferase increase (grade 3) and/or aspartate aminotransferase 
increase (grade 3)

1 of 4 doses 0 of 4 doses

B Alanine aminotransferase increase (grade 3) and/or aspartate aminotransferase 
increase (grade 3)

1 of 4 doses 0 of 4 doses

C Alanine aminotransferase increase (grade 3) and/or aspartate aminotransferase 
increase (grade 3)

4 of 4 doses 0 of 4 doses

D Acute kidney injury (grade 3) and creatinine increase (grade 4) 3 of 4 doses 0 of 4 doses
E Acute kidney injury (grade 3) and creatinine increase (grade 4) 3 of 4 doses 0 of 4 doses
F Adrenal insufficiency 4 of 4 doses 0 of 4 doses
G Muscle weakness 3 of 4 doses 0 of 4 doses
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therapy in patients with metastatic TNBC [29]. Second, 
although not the primary endpoint of the trial, the addi-
tion of atezolizumab to a non-anthracycline chemotherapy 
backbone did not significantly increase the pCR rate in the 
NeoTRIP study [27]. These data suggest that anthracyclines 
play an important role in determining response to anti-PD-
(L)1 therapy. However, because anthracyclines are known 
to augment antitumor immunity both indirectly through 
immunogenic cell death and directly by altering the immune 
cell composition in the microenvironment, whether tumor 
cell resistance to anthracyclines limits clinical benefit from 
anti-PD-(L)1 therapy through a lack of immunogenic cell 
death remains controversial. In this study, we demonstrate 
that patients with AC-resistant TNBC derive clinical ben-
efit from the combination of atezolizumab and nab-pacli-
taxel, suggesting that direct effects of anthracycline-based 
chemotherapy on the tumor-immune microenvironment are 
critical in promoting response to anti-PD-(L)1 therapy in 
the setting of resistance to AC. We further identified higher 
age and higher stromal TIL as clinicopathological features 
that significantly associate with pCR to atezolizumab plus 
nab-paclitaxel in patients with AC-resistant TNBC. Collec-
tively, these data suggest that anthracycline resistance does 
not abrogate clinical benefit from anti-PD-(L)1 therapy and 
clinicopathological factors may aid in patient selection to 
maximize therapeutic benefits of anti-PD-(L)1 agents in the 
curative neoadjuvant setting for patients with TNBC.

In addition to our focus on patients with chemotherapy-
resistant TNBC, another strength of our study is the inclu-
sion of patients with clinical N3 node-positive disease 
who were excluded from the KEYNOTE-522 study [5] 
but formed 32% of our study population. Notably, the pCR 
rate among the 12 patients with clinical N3 node-positive 
disease was aligned with the pCR rate in our overall study 
population, suggesting that patients with clinical N3 disease 
may derive clinical benefit from neoadjuvant anti-PD-(L)1 
therapy.

One limitation of our study is the lack of a contempora-
neous control arm of patients with chemotherapy-resistant 
TNBC treated with nab-paclitaxel alone which precludes 
definite conclusions on the role of atezolizumab in this set-
ting. However, to the best of our knowledge, this is the first 
reported study evaluating immune checkpoint blockade in 
combination with chemotherapy specifically in patients with 
AC-resistant TNBC and the encouraging signal of activity 
should inform the design of future studies. Another limi-
tation of our study is the use of nab-paclitaxel in taxane-
naïve patients which may present a real-world barrier to this 
approach with the currently available data. However, data in 
the metastatic setting showing that combining atezolizumab 
with paclitaxel does not improve PFS and OS versus pacli-
taxel alone suggest that nab-paclitaxel may be the superior 
chemotherapy backbone when used in combination with 

atezolizumab. Thus, until additional translational data which 
could help elucidate the reasons behind the lack of efficacy 
when atezolizumab is combined with paclitaxel in meta-
static TNBC, future studies involving atezolizumab should 
consider using nab-paclitaxel as the preferred chemotherapy 
backbone.

In conclusion, the combination of atezolizumab and nab-
paclitaxel has demonstrated promising signals of activity 
in patients with AC-resistant TNBC and suggests that a 
response-adapted approach to the use of immune checkpoint 
blockade may be a viable strategy to widen the therapeutic 
window for patients with TNBC in the curative neoadjuvant 
setting, and should be considered for further evaluation in a 
randomized clinical trial.
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