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Improved understanding of breast tumor biology has led

to significant advances in treatment. Targeted therapy for

hormone-receptor-positive and HER2-overexpressing

breast cancers has led to improvements in both survival and

quality of life for patients with these subtypes of breast

cancer. Until recently, few advances have been made in the

treatment of triple-negative breast cancer (TNBC), which

disproportionally affects young, African American women1

and has an aggressive clinical course marked by greater

metastatic potential, higher recurrence rates, and worse

overall survival than other breast cancer subtypes.2

Immune checkpoint blockade with anti-programmed

death receptor 1/programmed death receptor 1 ligand (anti-

PD1/PD-L1) or anti-CTLA4 monoclonal antibodies works

by ‘‘releasing the brakes’’ on the immune system imposed

by the tumor microenvironment. Initially shown to be

successful in the treatment of patients with highly immune-

infiltrated cancers, such as melanoma and non-small cell

lung cancer, where higher mutational burden correlates

with response to immunotherapy, evaluation of efficacy in

TNBC, the most highly immune-infiltrated subset of breast

cancer, was a logical next step. Clinical trials of anti-PD-

L1 and/or anti-PD-1 monoclonal antibodies atezolizumab

and pembrolizumab, in combination with chemotherapy, in

locally advanced and metastatic TNBC showed promise

and the positive results of the KEYNOTE-355 study led to

US Food and Drug Administration (FDA) approval of

pembrolizumab for PD-L1 positive metastatic TNBC.3,4

Subsequent to the approval of pembrolizumab in the

metastatic setting, the KEYNOTE-522 study evaluated the

role of preoperative immunotherapy combined with

chemotherapy for early-stage TNBC. The trial randomized

1174 patients with clinical T1cN1–2 or T2–4N0–2 TNBC

to preoperative pembrolizumab (eight cycles given every 3

weeks) plus chemotherapy (paclitaxel and carboplatin,

followed by doxorubicin or epirubicin, and cyclophos-

phamide), or placebo plus chemotherapy. All patients

proceeded to surgery, followed by completion of nine

additional cycles (27 weeks) of adjuvant pembrolizumab or

placebo (Fig. 1). The coprimary endpoints were pathologic

complete response (pCR) and event-free survival (EFS). At

a preplanned interim analysis, patients treated with pem-

brolizumab had a statistically significantly higher rate of

pCR (64.8%) compared with those treated with placebo

(51.2%).5 The fourth planned interim analysis demon-

strated improved EFS in patients treated with

pembrolizumab (84.5% vs. 76.8%), resulting in FDA

approval based on positive results for both primary

endpoints.6

While multidisciplinary evaluation and management is

critical for patients being selected for neoadjuvant chemo-

immunotherapy, it is often the surgical oncologist who has

first contact with patients with breast cancer who may be

eligible for treatment with neoadjuvant therapy. It is

therefore critical that surgeons are aware of eligibility

criteria of the KEYNOTE-522 study so that eligible

patients can be considered for the chemotherapy plus

immunotherapy regimen, and potentially benefit from the
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improved pCR rate and EFS. Unlike in the metastatic

setting, early-stage patients are eligible for pembrolizumab

regardless of PD-L1 status, with an improvement in the

pCR rate and EFS benefit demonstrated in both PD-L1-

positive and PD-L1-negative patients.6 Therefore, PD-L1

staining is not necessary to confirm eligibility for preop-

erative immunotherapy. Careful assessment by the surgeon

of clinical T and N categories can also optimize patient

selection for treatment with immunotherapy. The trial

enrolled patients with T2 and greater disease, regardless of

nodal status, as well as those with cT1c tumors and clini-

cally node-positive disease. A recent report has shown that

a significant percentage of patients with clinical T1c dis-

ease, initially assessed as clinically node negative on

physical examination, may have N1 disease. In a study of

175 clinical T1cN0 patients undergoing initial surgery at

the Dana-Farber Brigham Cancer Center, 15% had patho-

logically node-positive disease. In a similar group of over

18,000 patients captured in the National Cancer Database,

11% were pathologically node positive.7 While many

centers deliberately omit the use of preoperative axillary

ultrasound in patients who may otherwise be eligible for

omission of axillary dissection, according to the ACOSOG

Z0011 trial, routine use of pretreatment axillary ultrasound

in patients with T1c TNBC may identify patients eligible

for preoperative immunotherapy. Axillary ultrasound is our

preferred imaging modality, as it is recommended by the

National Comprehensive Cancer Network guidelines ver-

sion 1.2023 to evaluate for axillary metastases.8

The unique side-effect profile of immunotherapeutic

agents is particularly relevant for the surgical oncologist.

Immune-related adverse events (irAEs) of any grade in

early studies of anti-PD1/PD-L1 and anti-CTLA4 therapy

have been reported to be as high as 70%, with up to half of

patients in some studies discontinuing (at least temporarily)

immunotherapy due to irAEs.9 In the KEYNOTE-522 trial,

33.5% of patients receiving pembrolizumab experienced an

irAE, and 12.9% of these were at least grade 3. However,

many common irAEs have important implications for

surgeons. In KEYNOTE-522, 15.1% of patients experi-

enced hypothyroidism, 5.2% experienced hyperthyroidism,

and 2.6% developed adrenal insufficiency. Importantly,

while many irAEs manifest within the first 8–12 weeks of

treatment, late-onset and lifelong irAEs are relatively

common and likely under-reported.10 Many irAEs have

vague presentations, and a missed diagnosis of adrenal

insufficiency or thyroid dysfunction could negatively

impact anesthetic outcomes. Recommendations for a

standardized approach to evaluation and treatment of irAEs

was published by the Society for Immunotherapy of Cancer

prior to the approval of neoadjuvant chemo-immunother-

apy for TNBC.11 At our institutions, it is standard practice

to monitor for irAEs, particularly thyroid dysfunction and

adrenal insufficiency, in the perioperative period. Thyroid-

stimulating hormone (TSH) and free T4 is measured at

baseline, halfway through neoadjuvant treatment, at the last

dose of neoadjuvant therapy, at the first postoperative

appointment, every 12 weeks while on adjuvant pem-

brolizumab, and for 12 months thereafter. An AM cortisol

is measured at the last dose of neoadjuvant therapy. The

onus is often on the surgeon to recognize and appropriately

refer patients with irAEs and ensure adequate measures are

taken to make certain a safe anesthetic is delivered, espe-

cially when some irAEs could develop in the time between

completion of neoadjuvant therapy and surgery. Data

regarding perioperative outcomes of patients treated with

immunotherapy are limited to small series describing

patients with metastatic disease undergoing surgery after

treatment with immunotherapy, and are an active area of

investigation for patients being treated in the neoadjuvant

setting.12,13

Eligibility Criteria

• Age >=18
• Newly diagnosed 

triple negative 
breast cancer

• T1cN1-N2
• T2-T4N0-N2

Carboplatin-paclitaxel

Pembrolizumab 200mg q 3 weeks

Doxorubicin or 
epirubicin + 

cyclophosphamide

Carboplatin-paclitaxel

Placebo

Doxorubicin or 
epirubicin + 

cyclophosphamide

Surgery

Pembrolizumab 
200mg q 3 weeks

Placebo

Neoadjuvant Treatment 1
Cycles 1-4 (12 weeks)

Neoadjuvant Treatment 2
Cycles 5-8 (12 weeks)

Adjuvant
Cycles 1-9, 27 weeks

2:1

Neoadjuvant

FIG. 1 KEYNOTE-522 Study schema. Adapted from Schmid et al.5
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While the KEYNOTE-522 study has been a practice-

changing advance for the treatment of TNBC, multiple

important questions remain unanswered. The chemother-

apy backbone used in the KEYNOTE-522 trial included

paclitaxel and carboplatin, followed by doxorubicin or

epirubicin and cyclophosphamide. This combination is

relatively toxic and must be balanced with patient quality

of life. While patient-reported outcome data from the

KEYNOTE-522 study demonstrated no detriment to the

quality of life of those treated with pembrolizumab com-

pared with placebo, real-world data are needed to more

accurately capture the impact of immunotherapy on

patients likely less fit than a clinical trial population.14

Other studies, including GeparNuevo, I-SPY2, and

IMpassion-031, have demonstrated increased pCR rates

using a chemotherapy backbone of nab-paclitaxel, fol-

lowed by epirubicin/doxorubicin and

cyclophosphamide.15–17 The phase II NeoPACT trial

showed a promising 60% pCR rate using an anthracycline-

free neoadjuvant regimen of pembrolizumab plus carbo-

platin and docetaxel.18 Results from these and future

studies are needed to determine the optimal chemotherapy

backbone for use with preoperative immunotherapy.

A substantial number of patients treated with the

KEYNOTE-522 regimen may not benefit, either because

pCR would have been achieved with chemotherapy alone

(* 50–55%), or because the addition of PD-1 inhibition

does not induce pCR (30–35%). There are currently no

biomarkers that predict response to neoadjuvant chemo-

immunotherapy in TNBC. In the GeparNuevo study,

investigators showed that PD-L1 expression, the presence

of stromal tumor-infiltrating lymphocytes (TIL), tumor

mutational burden, and immune gene expression profiles

were predictive of response to preoperative systemic ther-

apy, but did not differentiate response to chemotherapy

plus immunotherapy from response to chemotherapy

alone.19 Other promising potential biomarkers include

mRNA-based signatures, spatial distribution of TIL subsets

within a tumor, microbiome-informed selection, and cir-

culating-tumor DNA.11 In other cancers, the presence of

tertiary lymphoid structures is one of the best predictive

biomarkers of response to immunotherapy, although this

remains to be seen in TNBC.20,21 Ongoing studies,

including a multicenter effort through the Immuno-

Oncology working group of the Translational Breast Can-

cer Research Consortium (TBCRC), will provide important

insights into biomarkers for patient selection.

Finally, the need to complete the year of adjuvant

pembrolizumab in those who experience a pCR is an area

of active investigation. The OptimICE-PCR study, led by

the Alliance for Clinical Trials in Oncology, will ran-

domize patients treated in the neoadjuvant setting with

chemotherapy plus pembrolizumab experiencing a pCR to

complete 1 year of adjuvant pembrolizumab or observa-

tion. The primary objective is to determine if observation is

noninferior to 1 year of pembrolizumab.

Preoperative immunotherapy combined with

chemotherapy is a major breakthrough for the treatment of

patients with early-stage TNBC. Surgical oncologists play

a critical role in identifying appropriate patients for treat-

ment and in the active surveillance of irAEs, which may

have important implications for the timing and conduct of

surgery. Further work is needed to better understand the

impact of irAEs in a real-world and preoperative setting.

The optimal chemotherapy backbone and duration of

pembrolizumab, as well as biomarker-based patient selec-

tion, are active areas of research, which will result in

precisely tailored treatments for optimal individual patient

outcomes that maximize oncologic benefit and minimize

impact on quality of life.
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