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Review Article 

Immunotherapy in breast cancer: A clinician’s perspective 

Sibapriya Chaudhuri, Scott Thomas, Pamela Munster ∗ 

Division of Hematology and Oncology, University of California, San Francisco, CA, USA 

a b s t r a c t 

Globally over 2 million women are diagnosed with breast cancer each year despite major advances in detection and treatment of the disease. Breast cancer is comprised 

of several distinct subtypes and understanding the heterogeneity of the disease has become crucial for treatment planning. Therapeutic strategies span from a hormone 

therapy-based focus for women with estrogen receptor positive breast cancer to targeting human epidermal growth factor (HER2) by small molecules, antibody- 

drug-conjugates (ADC) and monoclonal antibodies in those with HER2 overexpression. Other novel treatment strategies for select subgroups of patients include the 

cyclin-dependent kinase 4/6 (CDK4/6) inhibitors for women with estrogen receptor positive tumors, the poly ADP ribose polymerase (PARP) inhibitors for those 

with BRCA mutations, and phosphoinositide 3-kinase (PI3K) inhibitors for women with tumors harboring phophatidylinositol-4,5-bisphosphate 3 kinase catalytic 

subunit alpha (PIK3CA) mutations. In contrast, the treatment for women with triple negative breast cancer has until recently been solely limited to chemotherapy. 

The profound impact of immunotherapy on cancer treatment in general has created much hope for its potential in breast cancer. This review will focus on the current 

advances and the research of immunotherapy in breast cancer, particularly on immune checkpoint inhibitors, adoptive cell transfer and cancer vaccines. 
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elevant targets in different breast cancer subtypes and current 

tandard of care 

Breast cancer imposes a major health and economic challenge de-

pite many major advances in detection and treatment. In 2018, 2.1

illion women, globally, were diagnosed with breast cancer, leading

o 62,700 deaths. In 2020, in the United States 279,100 individuals

re expected to be affected by breast cancer. 1 Breast cancer exhibits

 lot of inter-patient heterogeneity. As cancer treatment has evolved to-

ards personalized medicine, understanding the heterogeneity of breast

ancer has become crucial for treatment planning. Based on transcrip-

omic analysis, breast cancer has been classified into luminal A, lumi-

al B, human epidermal growth factor (HER2) overexpressing, basal-

ike and normal-like tumors. 2 Immunohistochemically, breast cancer is

lassified based on the presence or absence of hormone receptors (es-

rogen receptor (ER) and progesterone receptor (PR)) and the HER2. 3 

urther subtyping of breast cancer malignancies using transcriptomic as-

ays such as MammaPrint, Oncotype DX and PAM50 and others are now

outinely employed to guide adjuvant therapy. Women with hormone

eceptor positive disease are foremost treated with hormonal therapy

irected towards blocking estrogen receptor signaling or suppression of

strogen production. Genomic assessment in addition to ER and PR ex-

ression allows identification of a high-risk subgroup who will be best

erved with adjuvant chemotherapy followed by hormonal therapy. All

atients with early stage breast cancer that express HER2 should re-

eive anti-HER2 targeting biologics in combination with chemotherapy

s neoadjuvant therapy, followed by extended adjuvant therapy with

ER2 targeting small molecules such as neratinib and or antibody drug
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onjugates, ado-trastuzumab emtansine (ADC) for high-risk patients.

or women with metastatic disease, multiple tissue-based approaches

re used to define therapeutic targets. Universal testing includes assess-

ent of ER, PR and HER2 expression either by immunohistochemistry

r dual probe in situ hybridization as well as genomic assays determin-

ng phophatidylinositol-4,5-bisphosphate 3 kinase catalytic subunit al-

ha (PIK3CA) mutations as pre-requisite for hormonal therapy in com-

ination with the phosphoinositide 3-kinase (PI3K) inhibitor, alpelisib. 4 

he ability to exploit homologous recombination deficiencies therapeu-

ically with poly ADP ribose polymerase (PARP) inhibitors has led to

outine testing for BRCA and other homologous recombination DNA re-

air deficient (HRD) mutations in the tumor or in the germline. 5 , 6 Other

enomic targets including ER gene mutations serve as eligibility criteria

or clinical trials testing novel anti-estrogens. 7–9 Tumors not expressing

R, PR or HER2 are referred to as triple negative breast cancer (TNBC).

atients with TNBC have increased risk of developing metastatic disease

nd when metastatic, overall survival (OS) is poorer ( Table 1 ). With the

bsence of clearly defined therapeutic targets, such as BRCA mutations,

he treatment of TNBC has remained a therapeutic challenge. For early-

tage TNBC, cytotoxic chemotherapy remains the only choice of therapy.

s expected by the profound impact that immunotherapy has had on

ancer therapy in general, there has been a broad focus on immunother-

py in breast cancer. Over the last year, for women with metastatic

NBC, immune checkpoint inhibitors in combination with chemother-

py have been approved for tumors that express PD-L1 ( Table 1 ). This

eview will focus on the current role of immunotherapy, particularly im-

une checkpoint inhibitors, adoptive cell transfer and cancer vaccines
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Table 1 

Comparing chemotherapy and immune checkpoint clinical trials in advanced breast cancer. 

Trial ID Regimen Phase Subtype N Median PFS, months Median OS, months ORR (%) References 

NCT00938652 Gemcitabine + Carboplatin: III TNBC O’Shaughnessy et al, 2014 

Intention to treat 30 

(-) Iniparib 258 4.1 11.1 - 

( + ) Iniparib 261 5.1 12.2 - 

1st line therapy 

(-) Iniparib 149 4.6 13.9 - 

( + ) Iniparib 148 5.6 12.3 - 

2nd/3rd line therapy 

(-) Iniparib 109 2.9 8.1 - 

( + ) Iniparib 113 4.2 12.1 - 

TNT 1st line Carboplatin versus Docetaxel: III TNBC Tutt et al, 2018 

NCT00532727 Carboplatin 188 3.1 12.4 31 

Docetaxel 188 4.4 12.3 36 

ASCENT Sacituzumab versus TPC: III TNBC Bardia et al, 2020 

NCT02574455 Sacituzumab 235 5.6 12.1 35 

TPC 233 1.7 6.7 5 

IMpassion130 Nab-Paclitaxel: III TNBC Schmid et al, 2018 

NCT02425891 (-) atezolizumab 449 5.6 17.6 45.9 

PD-L1 - positive 183 5.5 17.9 42.6 

PD-L1 - negative 266 5.6 - 

( + ) atezolizumab 450 7.4 21.3 56.0 

PD-L1 - positive 185 8.5 25.4 58.9 

PD-L1 - negative 265 5.6 - 

IMpassion131 Paclitaxel: III TNBC Miles et al, 2020 

NCT03125902 (-) atezolizumab 220 5.6 22.8 47 

PD-L1 - positive 101 6.0 28.3 55 

( + ) atezolizumab 431 5.7 19.2 54 

PD-L1 - positive 191 5.7 22.1 63 

KEYNOTE-012 Pembrolizumab: Ib TNBC 32 1.9 11.2 18.5 Nanda et al, 2016 

NCT01848834 PD-L1 + 

KEYNOTE-086 Pembrolizumab: II TNBC 170 2.0 9.0 5.3 Adams et al, 2019 

NCT02447003 PD-L1 - positive 105 2.0 8.8 5.7 

PD-L1 - negative 64 1.9 9.7 4.7 

KEYNOTE-119 Pembrolizumab versus TPC: III TNBC Cortes et al, 2019 

NCT02555657 Pembrolizumab 

PD-L1, CPS > = 10 96 2.1 12.7 - 

PD-L1, CPS > = 1 203 2.1 10.7 - 

Total 312 2.1 9.9 - 

TPC 

PD-L1, CPS > = 10 98 3.4 11.6 - 

PD-L1, CPS > = 1 202 3.1 10.2 - 

Total 310 3.3 10.8 - 

KEYNOTE-150 Pembrolizumab + eribulin Ib/II TNBC 149 Tolaney et al, 2020 

NCT02513472 PD-L1 positive 

No prior therapy 29 6.1 21.0 34.5 

1-2 prior therapies 45 4.1 14.0 24.4 

PD-L1 negative 

No prior therapy 31 3.5 15.2 16.1 

1-2 prior therapies 44 3.9 15.5 18.2 

KEYNOTE-355 TPC: III TNBC Cortes et al, 2020 

NCT02819518 (-) pembrolizumab 281 5.6 - - 

PD-L1 - positive (CPS > = 10) 103 5.6 - - 

( + ) pembrolizumab 566 7.5 - - 

PD-L1 - positive (CPS > = 10) 220 9.7 - - 

JAVELIN Avelumab: I All 

NCT01772004 All 168 1.4 8.1 3.0 Dirix et al, 2018 

PD-L1 - positive 12 1.4 11.3 16.7 

PD-L1 - negative 124 1.4 6.8 1.6 

TNBC 58 1.4 9.2 5.2 

PD-L1 - positive 9 - - 22.2 

PD-L1 - negative 39 - - 2.6 

( continued on next page ) 
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Table 1 ( continued ) 

Trial ID Regimen Phase Subtype N Median PFS, months Median OS, months ORR (%) References 

TONIC Nivolumab: II TNBC 66 - - 20 Voorwerk et al, 2019 

NCT02499367 Without induction 12 - - 17 

Irradiation (3 × 8 Gy) 12 - - 8 

Cyclophosphamide 12 - - 8 

Cisplatin 13 - - 23 

Doxorubicin 17 - - 35 

Abbreviation: CPS, combined positive score; N, number; PD-L1, programmed cell death-ligand 1; PFS, progression free survival; ORR, overall response 

rate; OS, overall survival; TNBC, triple negative breast cancer; TPC, docetaxel, cisplatin, and irinotecan. 
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mmunotherapy: broad concepts 

The clinical development of immune-oncology has been grouped

nto immune checkpoint inhibitors, vaccines and cell-based therapies.

he premise that cancer cells engage different biological mechanisms

o evade immune suppression has led to major breakthroughs in many

ancers, including breast cancer. Currently approved immune check-

oint inhibitors include multiple monoclonal antibodies targeting im-

une checkpoint receptors and their ligands, including programmed

ell death-1/programmed cell death-ligand 1 (PD-1/PD-L1) and cyto-

oxic T-lymphocyte-associated antigen 4 (CTLA-4). However, unlike in

umors like melanoma, benefits for women with breast cancer are more

odest and so far, appear to be more limited to TNBC. CTLA-4 inhibitors

ave not been established in breast cancer. Hence, there is much interest

n further defining the optimal setting for immunotherapy in breast can-

er and the development of predictive biomarkers for response to anti-

D-1/PD-L1, anti-CTLA-4 inhibitors and other immune strategies. Much

nterest is directed towards the composition of specific tumor immune

ell infiltrates such as tumor infiltrating lymphocytes (TILs), myeloid de-

ived suppressor cells (MDSCs), tumor-associated macrophages (TAMs),

atural killer (NKs) cells and dendric cells (DCs). In addition to the im-

act of PD-1 and PD-L1 expression in tumors and TILs, emerging data

urther points to interfering inflammatory, genetic and epigenetic sig-

atures, as well as host factors such tumor location, gender, obesity and

he microbiome. In most diseases, immune checkpoint inhibitors have

hown to have synergistic interactions with other anti-cancer modalities

nd thus it is not surprising that immune checkpoint inhibitor combina-

ions with other cytotoxic, biologic, and epigenetic therapies, as well

s other strategies to overcome resistance are the focus of the more

han 500 trials currently evaluating immune checkpoint inhibitors in

reast cancer worldwide. Unlike immune checkpoint inhibitors, the de-

elopment of vaccines and cell-based therapy strategies usually require

n accessible target, ideally one that is also restricted to the tumor.

hile many vaccines and chimeric antigen receptor T cells (CAR-T)

pproaches have been focused on breast cancer or have included pa-

ients with breast cancer, to date immune therapy beyond PD-L1/PD-1

nhibitors remains experimental for patients with breast cancer. 

mmune checkpoint inhibitors 

mmune checkpoint inhibitors in metastatic breast cancer 

Immune checkpoint inhibitors used in cancer therapy include mon-

clonal antibodies against CTLA-4, PD-1 or PD-L1, the latter of which

re now approved in many hematological malignancies and solid tu-

ors including ipilimumab and tremelimumab (anti-CTLA-4 antibod-

es); cemiplimab, nivolumab and pembrolizumab (anti-PD-1 antibod-

es); and atezolizumab, avelumab, and durvalumab (anti-PD-L1 antibod-

es), and many more are currently under development ( Fig. 1 A). Check-

oint inhibitors have only recently been approved for metastatic breast

ancer, and specifically only for TNBC and tumors with high microsatel-

ite instability (MSI-H). Pembrolizumab received approval in MSI-H tu-

ors irrespective of cancer type and location. 10 MSI-H is linked to DNA

ismatch repair and is typically associated with high tumor mutation
49 
urden (TMB). Microsatellite instability is more frequently reported in

ancers associated with Lynch disease such as endometrial, colon, ovar-

an and stomach cancer, yet is quite rarely seen in patients with breast

ancer. With a prevalence of MSI-H in endometrial cancer reported as

igh as 17-31%, it is less than 2% in breast cancer, thus not routinely

ested. 11 Immune checkpoint inhibitors have initially been evaluated in

arious subtypes of breast cancer. The available data from completed

linical trials suggest that patients with ER positive (ER 

+ ) breast tu-

ors derive minimal benefits from treatment with immune checkpoint

nhibitors. The phase Ib trial, KEYNOTE-028, explored the safety of

embrolizumab in patients with ER 

+ , HER2 - , PD-L1 positive advanced

reast cancer. 12 An overall response rate (ORR) of 12% was observed

n the 25 patients recruited for the study. Several trials evaluated im-

une checkpoint inhibitors as single agents in TNBC. A phase Ib, non-

andomized, clinical trial (KEYNOTE-012) enrolled 27 patients with ad-

anced, PD-L1 positive TNBC and found an ORR of 18.5%. 13 Later a

arger single arm Phase II study, KEYNOTE-086, enrolling 170 patients

ith previously treated metastatic TNBC showed an ORR of 5.7% with

 median progression free survival (PFS) of 2 months, albeit 62% of

he recruited patients had PD-L1 expression. 14 In KEYNOTE-119, pa-

ients with metastatic TNBC were randomized to receive either pem-

rolizumab or a chemotherapeutic drug as monotherapy 15 and even

fter stratification for PD-L1 expression and prior exposure to neoad-

uvant or adjuvant chemotherapy, pembrolizumab did not result in any

ignificant benefit. In KEYNOTE-150, 167 patients with metastatic TNBC

eceived a combination of pembrolizumab and eribulin mesylate for a

FS of 4.1 months. In the TONIC trial, patients with metastatic TNBC

ere randomized into cohorts to receive nivolumab without induction,

r with induction with irradiation, cyclophosphamide, cisplatin or dox-

rubicin. 16 The cohort receiving cisplatin showed an ORR of 23%, while

hose receiving doxorubicin showed an ORR of 35%. The JAVELIN trial

llowed enrollment of 168 patients with different breast cancer subtypes

HER2 + : 15.5%, ER 

+ : 42.9%, and TNBC: 34.5%) to be treated with esca-

ating doses of avelumab. 17 The ORR across all groups was 3%, whereas

atients with TNBC showed ORR of 5.2%, and patients with HER2 pos-

tive disease showed ORR of 2.8%. A higher response was noted in pa-

ients with PD-L1 positive TNBC (22.2% versus 2.6%), but only 12 of

68 patients had PD-L1 positive tumors. 

Taken together, these trials suggest that immune checkpoint in-

ibitors may predominantly have a role in TNBC. A closer look at sub-

et analyses further points towards limited benefits beyond first-line

herapy, e.g., the response rate of atezolizumab in combination with

ab-paclitaxel in the phase Ib trial was 67% for untreated patients ver-

us 29% for patients treated with two or more prior therapies. Hence,

ost phase III trials studying combinations of immune checkpoint in-

ibitors with chemotherapy limit enrollment to previously untreated

etastatic TNBC patients. Immune checkpoint inhibitors in combination

ith chemotherapy are now approved in previously untreated, locally

ecurrent unresectable or metastatic TNBC with PD-L1 overexpression

ased on the IMpassion130 and the KEYNOTE-355 phase III trials. The

Mpassion130 trial randomized 902 patients with previously untreated

etastatic TNBC to receive either a combination of atezolizumab and

ab-paclitaxel, or placebo and nab-paclitaxel. 18 , 19 Patients were strati-
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Fig. 1. Adaptive immune therapies. (A) T cell activity is in part regulated through immune checkpoint cell surface receptors and ligands expressed in the mi- 

croenvironment. Tumor cells and the tumor microenvironment down-regulate T cell cytokine production and proliferation by activating these checkpoints resulting 

in an exhausted T cell phenotype. Inhibiting antibodies that recognize and interfere with checkpoint receptor/ligand interactions ( e.g. 𝛼PD-1, 𝛼PD-L1, and 𝛼CTLA-4) 

have been developed to promote T cell cytotoxic activity and an anti-tumor immune response. (B) Adoptive T cell therapies are derived from patient or donor T 

cells. T cells may be engineered through viral transduction to recognize tumor specific antigens (CAR-T cells) or by culturing T cells with tumor specific antigen 

and isolating activated T cells. Tumor directed T cells are then expanded and re-introduced to the patient to mount an adoptive therapy response. (C) Therapeutic 

cancer vaccines are generally either derived from endogenous antigens prepared from the patient’s tumor or from exogenous antigens known to be tumor specific or 

associated with cancer or specific types of cancer. These antigens, together with adjuvants to boost immune response, are introduced to the patient to stimulate an 

effector and memory T cell response. 
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ed based on the presence or absence of PD-L1 expression. The PFS in

atients with PD-L1 negative tumors remained at 5.6 months for nab-

aclitaxel with or without atezolizumab, whereas the median PFS was

.5 months for the combination versus 5.0 month in the chemotherapy

lone arm in the 40% of patients with PD-L1 overexpressing tumors.

he second interim analysis, as well as the final data, showed clinically

ignificant benefit in OS with the combination therapy only in patients

ith PD-L1 positive TNBC (25 months versus 18 months). The over-

ll survival for patients with PD-L1 negative tumors was 20 months

n both arms. 20 The role of atezolizumab in TNBC was further evalu-

ted in IMpassion131, a very similar trial, recently reported at the 2020

SMO meeting. In a 2:1 randomization, 651 patients with untreated

etastatic TNBC with 45% PD-L1 positive tumor were enrolled, eval-

ating atezolizumab (A) in combination with paclitaxel (P) (instead of

ab-paclitaxel, nP) given weekly. 21 Survival outcomes suggested that

oth trials enrolled similar populations (OS: IMpassion130: nP + A = 21

onths, nP = 19 months; and IMpassion131: P + A = 19 months, P = 23

onths). In contrast to IMpassion130, there were no benefits seen with

he addition of atezolizumab to paclitaxel, regardless of PD-L1 expres-

ion. Albeit not statistically different, this trial showed a trend towards

orse OS in the atezolizumab arm (P + A = 22 months, P = 28 months).

hese findings raise concerns in both patients and physicians. A third

arge randomized trial, KEYNOTE-355, evaluated the benefits of the PD-

 inhibitor, pembrolizumab in 847 patients with previously untreated

ocally recurrent inoperable or metastatic TNBC. Patients received ei-

her a taxane (nab paclitaxel or paclitaxel) or gemcitabine and carbo-

latin weekly, with or without pembrolizumab, and stratified by PD-L1
50 
xpression (using the CPS scores: CPS ≥ 1: 75% or CPS ≥ 10: 38%) and

ype of chemotherapy. Unlike in the IMpassion trials which uses an im-

une cell score (immune cells in tumor cells of > 1%, PD-L1 Ventana

P-142), KEYNOTE-355 uses combined positive score (CPS). CPS scores

re calculated by the number of PD-L1-positive cells (tumor cells, lym-

hocytes, and macrophages by IHC Dako 22c3), divided by the number

f viable tumor cells multiplied by 100. Similarly, to the IMpassion tri-

ls, pembrolizumab added no benefits to the overall intention-to-treat

ITT) group (PFS 7.5 versus 5.6 months, p = NS). Pre-planned stratifica-

ion suggested that benefits were limited to patients with high PD-L1

CPS > 10) only (PFS 9.5 versus 5.6 months, P = 0.0012). Low expression

f PD-L1 (CPS > 1) was not sufficient to convey benefits to the addition

f pembrolizumab. 

KEYNOTE-355, IMpassion130 and IMpassion131 have common find-

ngs. Unlike for other diseases, testing of PD-L1 expression is relevant

n TNBC and patients with tumors with absent or low PD-L1 expres-

ion should be spared the potential physical and financial tolls asso-

iated with immunotherapy outside of a clinical trial. Comparing the

ontrol arms of IMpassion130 and IMpassion131 reaffirms the findings

rom multiple studies, that nab-paclitaxel does not convey clear ben-

fits over paclitaxel in TNBC. However, overall survival even in the

on-immunotherapy control arms appears longer than previously re-

orted in other trials 22 ( Table 1 ) which may be in part explained by

he 30% of the patients who had de novo metastatic disease. Pacli-

axel in combination with atezolizumab offered no benefit to those with

D-L1-positive TNBC. One could be inclined to implicate the required

se of steroids when using paclitaxel and atezolizumab. A retrospec-
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Table 2 

Immune checkpoint neo-adjuvant clinical trials in breast cancer. 

Trial ID Regimen Phase Subtype N PathCR, % References 

GeparNuevo nab-paclitaxel followed by EC: II TNBC 174 Loibl et al, 2019 

NCT02685059 (-) durvalumab 44 

( + ) duvalumab 53 

IMpassion031 nab-paclitaxel and AC: III TNBC 333 Mittendorf et al, 2020 

(-) atezolizumab 168 41.1 

PD-L1 - positive 75 49.3 

PD-L1 - negative 93 34.4 

( + ) atezolizumab 165 57.6 

PD-L1 - positive 77 68.8 

PD-L1 - negative 88 47.7 

ISPY2 paclitaxel followed by AC: II TNBC 29 Nanda et al, 2020 

NCT01042379 (-) pembrolizumab 20 

( + ) pembrolizumab 60 

KEYNOTE-173 pembrolizumab + taxane followed by AC: I/II TNBC 60 Schmid et al, 2020 

NCT02622074 (-) carboplatin 10 22 

( + ) carboplatin 50 33 

KEYNOTE-522 paclitaxel + carboplatin followed by EC: III TNBC 602 Schmid et al, 2020 

NCT03036488 (-) pembrolizumab 201 51.2 

PD-L1 - positive 164 54.9 

PD-L1 - negative 33 30.3 

( + ) pembrolizumab 401 64.8 

PD-L1 - positive 334 68.9 

PD-L1 - negative 64 45.3 

Abbreviation: AC, dexorubicin and cyclophosphamide; EC, epirubicin and cyclophosphamide; N, number; PathCR, pathologic 

complete response. 
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atezolizumab and the control arms: 69% versus 49%. The addition of im- 
ive study in metastatic lung cancer has shown decreased efficacy in

atients receiving corticosteroids during their treatment compared to

atients who were not treated with corticosteroids at the time of im-

unotherapy initiation. For breast cancer, this remains confounded, as

he benefits of pembrolizumab were upheld in the paclitaxel and gemc-

tabine/carboplatin arms in the KEYNOTE-355 metastatic trial, 23 where

teroids are commonly used, as well as in the early-stage breast can-

er trial, KEYNOTE-522. 24 These findings suggest that when using ate-

olizumab, nab-paclitaxel should be the taxane of choice and avoidance

f steroids wherever possible seems prudent. Unlike in other diseases

here immune checkpoint inhibitors may replace chemotherapy, im-

une checkpoint inhibitors alone or in combination with CTLA-4 anti-

odies have not been studied in larger cohorts. Smaller single-arm trials

howed modest response to immune checkpoint inhibitors when admin-

stered alone. 

mmune checkpoint inhibitors in early-stage breast cancer 

Several large randomized trials are currently ongoing to study the

mpact on immune checkpoint inhibitors on pathological response rate

n patients with early stage TNBC ( Table 2 ). KEYNOTE-173, a phase Ib

rial tested the efficacy of pembrolizumab in combination with standard

f care neoadjuvant chemotherapy in 60 TNBC patients. 25 Recruited pa-

ients were divided into six cohorts to receive six different regimens of

embrolizumab and paclitaxel, with or without carboplatin. A patho-

ogic complete response (pCR) rate of 60% was observed across all co-

orts. Higher PD-L1 expression and greater density of TILs in the tumor

icroenvironment correlated with higher pCR rate. The GeparNuevo

rial, also conducted in the neoadjuvant setting, tested the addition of

urvalumab to nab-paclitaxel. 26 The trial recruited 174 patients with

NBC, stratified based on stromal TIL density. Adding durvalumab in-

reased the pCR from 44% to 53%, but this increase was not statisti-

ally significant. As part of ISPY-2, pembrolizumab was added to stan-

ard of care neoadjuvant paclitaxel. Pembrolizumab increased the pCR

ate significantly. In patients with TNBC, the pCR rate was increased

rom 20% to 60%, and in patients with HER2-positive cancer, the pCR
51 
ate changed from 16% to 46%. 27 The largest reported clinical trial to

ate is KEYNOTE-522, 24 where 1,174 patients with stage II or III TNBC

eceived pembrolizumab in addition to carboplatin plus paclitaxel fol-

owed by doxorubicin or epirubicin plus cyclophosphamide in a 2:1 ra-

io. The study’s pre-planned co-primary endpoints included both pCR

nd event-free survival. First endpoint results of this study which re-

ruited many young women (median age 49, 56% premenopausal, 51%

ode-positive) have been reported. Unlike for patients with metastatic

NBC, significant benefits from pembrolizumab were observed in all

roups of patients with early-stage breast cancer, irrespective of PD-L1

xpression. However, it should be noted that more than 80% of the pa-

ients had PD-L1 positive disease, which is much higher than observed in

atients with metastatic disease (~40-45%). The pCR rate was higher

or pembrolizumab with chemotherapy then the chemotherapy alone

rm (64.8% versus 51.2%, P = 0.00055). Overall, patients with tumors

hat showed higher PD-L1 expression fared better with or without pem-

rolizumab compared to those with lower PD-L1 expression: the pCR

ates for the PD-L1 CPS < 1 group (45.3% versus 30.3%), PD-L1 CPS

 1 (68.9% versus 54.9%), CPS ≥ 10 (77.9% versus 59.8%), and CPS

 20 (81.7% versus 62.5%). Patients with more advanced stage disease

ere noted to receive the greatest absolute benefit from the addition of

embrolizumab to standard of care chemotherapy. At the first planned

nterim analysis, the event free survival endpoint was not statistically

ifferent. While an increase in pCR has been associated with better out-

omes, several studies have shown that an increased pCR rate induced

y carboplatin or other agents did not necessarily translate to superior

FS and OS. 

A somewhat smaller trial has recently reported the impact of ate-

olizumab on pCR in women with early stage TNBC. In IMpassion031,

65 of 333 patients received atezolizumab in addition to chemother-

py and 168 were randomized to placebo with chemotherapy. 28 Similar

o the findings with pembrolizumab in the KEYNOTE-522 study, ate-

olizumab plus chemotherapy was associated with a higher pCR rate:

8% versus 41%, P = 0.0044. And again, patients with high PD-L1 ex-

ressing tumors showed a further increase in the pCR rate, in both the
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une therapy was generally well tolerated and did not add untoward

oxicities outside what is already well established for immune check-

oint inhibitors. Thus, much emphasis has been placed on defining bet-

er prognostic factors and predictors of response and turning immune

ilent into immune responsive tumors. 

redictive markers of immune response 

umor immune infiltrates 

Many contributing immune modulators are currently being studied.

he role of TILs density and its association are emerging as a prognostic

actor and possibly as a predictor of response. Among the various breast

ancer subtypes, a high influx of TILs is most prevalent in TNBC but is

lso observed in HER2-positive tumors 29 . Based on gene expression pro-

les, TNBC has been further classified into six subtypes including basal-

ike 1, basal-like 2, immunomodulatory, mesenchymal, mesenchymal

tem-like and luminal androgen receptor subtype. 30 Among these dif-

erent subtypes of TNBC, the immunomodulatory subtype, which com-

rises about 20% of TNBC, has the highest density of TILs, highest ex-

ression of CTLA-4, PD-L1 and PD-1 and has been considered to be the

ost likely subtype to respond to immune checkpoint blockade. 30 Stud-

es suggest that the presence of stromal lymphocytes have a more robust

orrelation with PFS and OS than intra-tumoral lymphocytes. 31-33 The

omposition of TILs is heterogeneous with up to 75% T cell infiltrates. 34 

hile the presence of CD8 + T cells in TILs has been positively corre-

ated with better treatment outcome 35 , other studies further suggest an

mportant role for the ratio of CD8 + T cells to Regulatory T (Treg) cells

n the TIL population. 36 Many ongoing studies highlight the importance

f other immune cells including CD4 + T cells, Treg cells and NK cells.

hile there is still much unknown about the composition of TILs and

he exact role of individual contributors overall, the relevance of the

mmune infiltrate in TNBC cancer is unequivocally established. 

In tumors containing more than 50% lymphocytes in their envi-

onment, patients are thought to have a better prognosis. 37 Such tu-

ors tend to respond well to neoadjuvant chemotherapy. 38 , 39 TILs have

een shown to predict better PFS in several early-stage breast cancer

rials. 40 , 41 Yet this association does not universally translate to better

S. This may be in part explained by the heterogeneity even in the im-

unomodulatory subtype of TNBC, which may require further stratifica-

ion. 42 Although TILs are emerging as robust prognostic and predictive

arkers of therapy response, they are not yet routinely tested and are

ot clinically accepted as outcome markers in patient care. 

D-L1 and PD-1 expression in the tumor immune environment 

Further analysis of the two IMpassion trials has suggested that while

mmune infiltrates are associated with better prognosis, TILs per se may

ot independently predict response to immune checkpoint inhibitors in

atients with metastatic tumors. Emens et al. 43 reported that PD-L1 pos-

tive immune infiltrates were associated with better PFS and OS in pa-

ients receiving atezolizumab, while TIL rich tumors without PD-L1 ex-

ression did not show benefit from atezolizumab. Similar findings were

eported by Brockhoff et al. in patients with early stage TNBC. 44 The

roup analyzed the relevance of PD-1/PD-L1 scores and TIL expression

n 103 TNBC patients and suggested a better PFS and OS in tumors and

mmune infiltrate with high PD-1 expression. 

Multiple large, randomized studies clearly suggest that high PD-

1 expression is a pre-requisite for response to immunotherapy in

etastatic breast cancer, however the relevance of PD-L1 in early-stage

reast cancer, as a predictive marker, is more complicated. As reported

n the KEYNOTE-522 trial, CPS > 1 PD-L1 expression was found in more

han 80% of the patients enrolled in the study and while all patients ap-

eared to benefit from the addition of pembrolizumab, PD-L1 expression

onferred a better response to both the immune checkpoint inhibitor
52 
nd chemotherapy alone arm suggesting a strong role for the immune

nvironment in the therapy response in early stage TNBC. 42 

Several studies have evaluated the type of assay for PD-L1 staining

nd location of its expression on tumor cells versus surrounding im-

une infiltrates, 45 , 46 as well as PD-1 expression in tumors. 47 So far for

reast cancer, the scoring of PD-L1 expression in tumors seems to bear

 stronger correlation with response. 41 , 48-51 Much emphasis has been

laced on the role of HRD mutations in breast cancer and their role

n therapy response. In many centers, women are now routinely tested

or BRCA mutations either by germline assays or in the tumors. Several

tudies have shown a higher pCR rate when adding carboplatin to the

egimen suggesting that BRCA mutations may confer a better response to

hemotherapy particularly to platinum-based therapies. Emerging data

urther suggests a possibility to replace chemotherapy with PARP in-

ibitors. Thus, many recent studies are focused on integrating PARP

nhibitors with or instead of chemotherapy into immune checkpoint in-

ibitors. So far, the role of BRCA and other HRD mutations as a predictor

f immune checkpoint inhibitors has not yet been established in clinical

tudies. In fact, a subset analysis of BRCA mutations from the IMpassion

31 trial concluded that even in HRD associated tumors, PD-L1 expres-

ion remains the sole predictor for immunotherapy response. 43 

mmune silence and immune exhaustion in ER 

+ tumors 

Understanding the host and tumor microenvironment factors that

etermine an immune silent or immune-unresponsive tumor environ-

ent continues to be the focus of many preclinical and clinical inves-

igations. Factors implicated in poor response to immune checkpoint

nhibitors include absence of PD-L1 expression, low TIL number, TMB
2-63 , unfavorable host microbiome 55 , 61 , female gender and the pres-

nce of liver metastasis . 64 Patients with ER 

+ tumors often meet many or

ll of these conditions. Furthermore, tumor antigens in ER 

+ tumors may

ot be sufficient to trigger an immune response. Additionally, contin-

ed tumor antigen exposure may prompt anergy and exhaustion of the

daptive immune response leading to low levels of partially exhausted

TL with poor response to single agent immune checkpoint inhibitors. 65 

igh levels of forkhead box P3 (Foxp3) expressing T cells may further

ontribute to poor outcomes in breast cancer. Several preclinical studies

uggest that epigenetic modulators may increase PD-L1 expression and

he number of CD8 + T cells, while decreasing the number of regulatory

 cells (Foxp3 + Tregs). 66-68 The mechanistic rationale for combinations

f epigenetic modulators to prime cells to immunotherapy and the ex-

loitation of PARP inhibitors induced generation of neoantigens has led

o multiple clinical trials combining immune checkpoint inhibitors with

istone deacetylase (HDAC) inhibitors and PARP inhibitors. 

pigenetic immune priming 

Several groups explored HDAC inhibitors to boost response to im-

une checkpoint inhibitors in both estrogen receptor-negative (ER 

− )

nd ER 

+ breast cancer. In preclinical models in lung and kidney cancer

nd other diseases, epigenetic priming by HDAC inhibition led to PD-

1 upregulation on tumor cells. 68 In ER 

− cell lines, PD-L1 upregulation

as associated with increased human leukocyte antigen (HLA)-DR tu-

or cell expression, CD4 + FoxP3 + CTLA-4 high Treg down-regulation, in-

reased T cell tumor infiltration, prompting clinical studies with HDACi

o potentiate immune checkpoint inhibitor blockade in TNBC and other

ancers. The outcomes of these trials are eagerly awaited. A trial per-

ormed by our group solidified the findings of other immunotherapy

rials in ER 

+ breast cancers. A trial planned to enroll 87 patients was

alted early for lack of efficacy in ER 

+ patients. We found that most tu-

ors were devoid of PD-L1 expression and had relatively low TIL levels

 < 2%), yet nonetheless had activated Tregs. Treatment with an HDAC

nhibitor led to depletion of Tregs (FoxP3 + /CTLA4 + CD4 + ). The analy-

is of preplanned Tregs and exhausted T-cell signatures found that high



S. Chaudhuri, S. Thomas and P. Munster Journal of the National Cancer Center 1 (2021) 47–57 

d  

l  

b  

p  

e

P

 

r  

w  

h  

p  

c  

a  

c  

o  

s  

h  

t  

r  

i  

p  

w  

s  

b  

s  

B  

w

 

(  

h

 

i  

p  

p  

c  

c  

r  

p  

i  

i  

c  

w  

a  

t

O

 

s  

I  

i  

t  

t  

p  

t  

M  

t

A

 

a  

d  

r  

m  

c  

f  

t  

e  

h  

t  

i  

i  

t  

t  

s  

r  

I  

h

A

 

o  

e  

b  

o  

h  

t  

b  

s  

v

 

l  

f  

t  

d  

T  

g  

t  

t  

i  

t  

a  

t  

n  

t  

g  

i  

g  

s  

w  

T  

m  

f

 

t  

t  

m  

t  

m  

c  

a  

a  

t  

c  

C  

m  

a  

k  
ual expression of CTLA4 + /PD-1 + in CD8 + T cells, was found to corre-

ate with prolonged PFS. This signature of T cell exhaustion could also

e detected in peripheral blood cells. These findings are now further ex-

lored in a randomized trial with preselection of patients with partially

xhausted T cells. 

ARP inhibitors and immune checkpoint inhibitors 

PARP are a superfamily of enzymes involved in poly ADP-

ibosylation (PARylation) and are therapeutically explored in tumors

ith deficiencies in DNA damage signaling. Currently four PARP in-

ibitors, olaparib, talazoparib, rucaparib and niraparib are approved in

atients with somatic or germline BRCA mutations. These agents show

linical efficacy in breast, ovarian, pancreatic and prostate cancer with

 BRCA mutation or homologous recombination repair (HRR) deficien-

ies. In breast cancer, PARP inhibitors are effective but the duration

f response is relatively short. 6 , 69 Hence there has been much empha-

is placed on developing rational combination therapies with PARP in-

ibitors, including immune checkpoint inhibitors. BRCA mutations are

hought to generate neoantigens by accumulation of mutations 70 , 71 and

ecruitment of TILs to the tumor microenvironment. 72 A trial combin-

ng niraparib with pembrolizumab conducted by our group showed

romising activity in 62 patients with ovarian cancer and 5 patients

ith TNBC 

73 despite progression on prior platinum. Expanding on this

tudy, the TOPACIO/Keynote162 trial evaluated the efficacy of pem-

rolizumab in combination with niraparib in TNBC patients and ob-

erved durable responses in 21% of the patients, irrespective of their

RCA1/2 or PD-L1 status, however in those with BRCA mutations, ORR

as 47%. 

There are several ongoing clinical trials comparing olaparib

NCT04191135) and other PARP inhibitors with immune checkpoint in-

ibitors. 

PARP inhibitors have been integrated into neoadjuvant therapy with

mmune checkpoint inhibitors and chemotherapy. Durvalumab, ola-

arib and paclitaxel was tested in the ISPY2 trial and compared it to

aclitaxel treatment alone. All patients received doxorubicin and cy-

lophosphamide afterwards. Patients having HER2 negative breast can-

er were primarily recruited for the study. While increasing the pCR

ate in all subtypes of breast cancer, those with TNBC achieved a 47%

CR rate compared to 27% in the paclitaxel control group. Many stud-

es are currently underway to determine the role of PARP inhibitors and

mmune checkpoint inhibitors. In the absence of randomized trials with

areful determination of platinum-resistance, it has yet to be determined

hat the optimal setting will be, and whether PARP inhibitors will be

ble to replace platinum-based therapies or have a role in platinum-

herapy resistance. 

ther targets of interest 

Much research is further devoted to studying the roles of host factors

uch as the microbiome, obesity or other inflammation markers such as

L6, erthrocyte sedimentation rate and C reactive protein ( Fig. 2 ). Like

n other diseases, several research groups have initiated clinical trials to

arget tumor associated macrophages, NK cells and other components of

he immune system either with antibodies including CD3 targeted bis-

ecific, oncolytic viruses, vaccines or CAR-T. Among the most advanced

argets are 41BB, BCMA, CD19, CD20, CD47, CSF1R, HER2, IDO, LAG3,

UC1, NY-ESO, STAT3, STING, WT1, HPV. TIGIT, TIM3. So far, no clear

arget has emerged as clearly promising in breast cancer. 

dverse effects of immune checkpoint inhibitors 

Immune related adverse effects may be directed against any organ

nd are mostly unpredictable. Albeit rare, severe and irreversible en-

ocrine failure including the pituitary, thyroid and pancreas have been

outinely reported with all immune checkpoint inhibitors. Similarly,
53 
ild to fatal organ toxicity such as hepatitis, pneumonitis, pancreatitis,

olitis, skin rash, as well as the potential for cardiac and bone marrow

ailure and neurological toxicities should be discussed with every pa-

ient prior to initiating immunotherapy (reviewed in details by Martins

t al. 74 and FDA package insert of individual immune checkpoint in-

ibitors). Adverse effects of immune checkpoint inhibitors were not po-

entiated by chemotherapy or other combinations as randomized studies

n both metastatic disease and early-stage breast cancer have shown, and

t does not appear that the adverse effects in breast cancer are different

han in other diseases. The management of toxicities includes interrup-

ions or discontinuation of immune checkpoint inhibitors, aggressive

upportive care and steroid use (oral to high dose intravenous) as first

esponse. Other modalities such as tumor necrosis factor (TNF) alpha,

L6 and inosine-5’-monophosphate dehydrogenase (IMPDH) inhibitors

ave shown some promise but are not yet clearly established. 

doptive cell transfer 

Tumor associated antigens can be derived from genetically mutated

r epigenetically modified proteins or from proteins that are over-

xpressed in tumor cells but are also expressed by normal cells of the

ody ( Fig. 1 B). Additionally, some antigens referred to as neoantigens

r tumor specific antigens are restricted to tumor cells. 71 , 75 , 76 There is a

igh correlation between the total mutational burden in tumor cells and

he repertoire of neoantigens being expressed. Neoantigens can generate

oth CD4 + and CD8 + T cell responses. Emerging immune therapies that

pecifically target cancer cells such as adoptive cell transfer and cancer

accines target tumor neoantigens. 

Adoptive cell transfer is the process by which lymphocytes are iso-

ated from the patient, cultured and expanded ex vivo and then rein-

used in the lymphodepleted patient. Non-myeloablative lymphodeple-

ion using chemotherapeutic drugs such as cyclophosphamide and flu-

arabine is frequently employed to further reduce exhausted T cells and

reg cells that contribute to an immunosuppressive environment. On-

oing studies suggest that lymphodepletion in combination with au-

ologous hematopoietic stem cell rescue may lead to a more persis-

ent response. 77 One of the major strategies for adoptive cell transfer

nclude TIL therapy. After surgical resection, tumor sections are cul-

ured in vitro in the presence of high doses of IL2 to selectively grow

nd expand T cells. The tumor cells are analyzed by whole-exome and

ranscriptome sequencing and compared with normal cells to identify

eoantigens specific to the patient. 78 Immature dendric cells are either

ransfected with genes that would express the corresponding neoanti-

en or are pulsed with synthetic neoantigenic peptides. TILs, cocultured

n the presence of dendritic cells, expressing all the identified neoanti-

ens are further selected based on a positive T cell response such as

ecretion of IFN gamma. During reinfusion, the patients are also treated

ith IL2. Three ongoing clinical trials test the efficacy and safety of

IL therapy in combination with pembrolizumab (NCT01174121) or as

onotherapy (NCT04111510 and NCT01462903) in patients with re-

ractory metastatic breast cancer. 

Another adoptive cell transfer strategy is the use of CAR-T cells, with

he goal to recognize a specific neoantigen expressed on the surface of

umor cells in an major histocompatibility complex (MHC)-independent

anner. Autologous T cells are harvested from the peripheral blood of

he patient and are genetically modified to express a CAR against a tu-

or neoantigen. The cells are then expanded in vitro in the presence of

ytokines and reinfused in the patient. CAR-T cells are modular and have

n extracellular target recognition domain covalently joined through

 transmembrane hinge domain to intracellular signaling domains, of-

en with up to three intracellular domains, responsible for activation,

o-stimulation and inhibition of T cells. 79 To increase the efficacy of

AR-T cells, their design has been further modified to release proinflam-

atory cytokines at the target tissue. Such modified cells, also known

s TRUCK T cells (T cells redirected for antigen unrestricted cytokine

illing) can release cytokines in a constitutive or inducible manner in
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Fig. 2. Predictive and prognostic biomark- 

ers for TNBC. Approved TNBC biomarkers in- 

clude PD-L1 tumor positivity and microsatellite 

instability, which represent a relatively small 

percentage of TNBC tumors. As such, the search 

for predictive and/or prognostic biomarkers for 

the treatment of TNBC continues to be a robust 

area of research. These include a myriad num- 

ber of clinical, tumor, microenvironment, and 

peripheral blood features. 

Abbreviation: BRCAmt, BRCA mutation; cDC, 

classical dendritic cell; HER2, human epider- 

mal growth factor 2; IFN, interferon; LDH, lac- 

tate dehyolrogenase; MDSC, myeloid derived 

suppressor cell; peCTLs, partially exhausted cy- 

totoxic T lymphocytes; TAM, tumor associated 

macrophage; TCR, T cell receptor; TMB, tu- 

mor mutation burden; TME, tumor microenvi- 

roment; Tregs, regulatory T cells. 
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he target tissue. 80 CAR-T cells have shown considerable promise and

pproval for the treatment of several malignancies. Broader applications

nd improvement in their design, feasibility and ease of manufactur-

ng are under active investigation. However, their use in breast can-

er has been challenged by the limited number of known breast tumor

eoantigens that can be targeted and is sufficiently restricted. MUC1 is

 transmembrane protein that is expressed several folds higher and is

berrantly glycosylated in breast cancer cells and is associated with an

ggressive cancer phenotype. 81 Ongoing preclinical studies and clinical

rials are investigating the efficacy of anti-MUC1 CAR-T cells. In the on-

oing phase I/II trial NCT02587689, the safety and adverse side effects

f MUC1 directed CAR-T cells are being tested in patients with invasive

NBC with MUC1 positive tumors. In another ongoing phase I clinical

rial NCT04020575, patients with MUC1 positive breast cancer are being

reated with huMNC2-CAR44, a CAR-T cell specific for a cleaved form of

UC1. Patients will be divided into four cohorts – dose escalation will

e tested in cohort 1 while dose expansion will be tested in cohorts 2-4.

atients with luminal subtype disease will be recruited in cohort 2, pa-

ients with HER2 positive disease and TNBC will be recruited in cohort 3

nd 4, respectively. The ongoing phase I clinical trial NCT04025216 is a

ose escalation study designed to identify the appropriate dosage for us-

ng CART-TnMUC1 in patients with TNBC. Patients will be grouped into

hree cohorts and will receive CART-TnMUC1 as a monotherapy, or in

ombination with cyclophosphamide or fludarabine. Epithelial cell ad-

esion molecule (EpCAM) is another transmembrane glycoprotein that

s overexpressed in various cancers including breast. 82 In the clinical

rial NCT02915445, CAR-T cells recognizing EpCAM is being evaluated

n patients with recurrent breast cancer with distant metastasis. Patients

ere lymphodepleted using cyclophosphamide before treatment with

he CAR-T cells. HER2 directed CAR-T cell therapy has shown consider-

ble promise in preclinical studies. In the ongoing phase I clinical trial

CT03740256, the safety and efficacy of HER2 specific CAR-T cells in

ombination with CAdVEC, an oncolytic adenovirus, is being tested in

atients with HER2 positive breast cancer. Preclinical research suggests

hat there might be other promising targets for CAR-T therapy in pa-

ients with breast cancer such as folate receptor alpha, TEM8, ROR1,

K cell activating receptor ligands. 83-85 While HER2 is a well-validated

arget for small molecular and monoclonal antibodies, the HER2 CAR-T

pproaches have been associated with excessive toxicity. Other targets

f interest in breast cancer and in Phase II trials are CAR-T cells di-

ected against CEA, mesothelin, CD133, CD70, CD44 variant domain

 and multiple 4th generation CAR-T cells targeting HER2, GD2, and
t

54 
D44v6. None of the CAR-T cell trials are currently in phase III testing

or breast cancer. 

ancer vaccines 

Therapeutic cancer vaccines are usually designed to generate an anti-

umor immune response to enhance current therapies or to induce im-

une surveillance to prevent recurrence. Cancer vaccines have been

ound to elicit both CD8 + and CD4 + T cell responses in the patient

 Fig. 1 C). Multiple preclinical and clinical studies have demonstrated

hat cancer vaccines can successfully induce immunological memory. 86 

he ideal target for an anti-cancer vaccine would be a restricted neoanti-

en or, in the absence of well-validated neoantigen target in breast

ancer, a tumor associated antigen. Vaccine strategies are currently ex-

lored using autologous or allogeneic tumor cells, DNA, RNA, proteins

r short antigenic peptide epitopes. To elucidate a robust anti-tumor im-

une response, autologous tumor cells are typically further combined

ith a strong adjuvant or cytokines or alternatively genetically modi-

ed in vitro to express granulocyte macrophage colony stimulating factor

GM-CSF) before being reinfused in the patient. Preclinical studies and

arly phase clinical trials have shown accumulation of dendritic cells,

acrophages and eosinophils at the injection sites when autologous tu-

or cell vaccines are combined with GM-CSF and many labs use Bacillus

almette-Guerin (BCG) as a substitute adjuvant to GM-CSF. Several au-

ologous tumor cell and dendritic cell combinations have shown some

romising activity in preclinical studies and in some early phase clinical

rials 87 , 88 leading to much interest in the field. Given the relevance of

ER2 as a therapeutic target, a considerable focus has been placed on

sing HER2 as a target in vaccine strategies. Over 75 studies have eval-

ated patients with stage II or III breast cancer with low, intermediate

nd high HER2 expression. 

One of the notable HER2 vaccine trials involved nelipepimut-S (Neu-

ax, E75,), a HLA A2/A3-restricted HER-2/neu (HER2) peptide, com-

ined with GM-CSF with the promise that the vaccine will raise a T

ell response to the HER2 receptor and reduce the risk of recurrence.

elipepimut-S combined with GM-CSF was initially studied in 195

reast cancer patients with lymph node-positive and high-risk lymph

ode-negative patients with HER2 (immunohistochemistry 1-3 + ) ex-

ressing tumors in a Phase I/II trial. The vaccinated group showed a

4-month landmark analysis disease-free survival (DFS) of 94.3% ver-

us 86.8% ( P = 0.08). It was noted that 65% of patients received subop-

imal vaccine doses. It should be noted that this trial did not include

rastuzumab. 89 
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The encouraging Phase II results prompted a multi-center, random-

zed, double-blind phase III trial with 758 patients with similar charac-

eristics (NCT01479244). 90 Though nelipepimut-S (NeuVax) was found

o be well-tolerated, the phase III trial showed no significant improve-

ent in DFS between the two groups. Estimated 3-year DFS rates were

7.1% in the vaccine group versus 77.5% in the placebo group and the

rial was stopped for futility. 

NeuVax has been further studied in a phase II trial randomizing 275

arly-stage breast cancer patients with low and intermediate HER2 ex-

ression (1 + /2 + ) receiving GM-CSF with or without NeuVax, however in

his trial the patients all received trastuzumab. 91 Early reports from this

rial suggest a clinically meaningful difference in median DFS in favor of

he NeuVax plus trastuzumab arm with hazard ratios (HRs) of 0.67 and

 34.9% reduction in the relative risk of recurrence without evidence of

dditional cardiotoxicity. The final results await peer review. 

In an alternative way to target HER2, a randomized phase II trial

NCT00524277) enrolled 456 node-positive, as well as high risk node

egative, patients to receive HER2 derived peptides, such as GP2 and

E37. HLA-A2 positive patients received the HER2/Neu Peptide GP2

nd GM-CSF vaccine versus GM-CSF alone, whereas the HLA-A2 neg-

tive patients received the modified HER2/Neu Peptide AE37 + GM-

SF vaccine versus GM-CSF alone. In the primary analysis, there was no

enefit to the 5-year overall DFS between the groups. 92 Subset analysis

uggested that patients with HER2 low-expressing tumors and advanced

tage may benefit from the E37 vaccine ( P = 0.039; HR = 0.375; 95%CI:

.142, 0.988). The GP2 vaccine arm showed no differences in DFS, with

he exception of the HER2 positive patients, with a trend toward im-

roved DFS ( P = 0.052). Further studies may be needed to obtain ap-

roval for this strategy. 92 Other vaccines involve oncolytic viruses such

s Newcastle disease virus (NDV), influenza virus and avian influenza

irus with the goal to prompt anti-tumor immune response through mul-

iple signaling mechanisms including stimulation of cytotoxic T cells and

elayed type hypersensitivity responses, production of cytokines and in-

erferons, thereby contributing to an inflammatory tumor microenviron-

ent. 

In a clinical trial designed by Ahlert et al., 63 patients with pri-

ary breast cancer and 27 patients with pretreated metastatic breast

ancer were treated with NDV infected autologous tumor cell vac-

ine. 93 Patients who received 1.5 × 10 6 tumor cells with 33% viability

howed a benefit in OS ( P = 0.026) and a trend towards DFS improvement

 P = 0.089). However, these findings have not been further supported in

arger trials. 

Several clinical trials including NCT02348320 have begun to evalu-

te personalized polyepitope DNA vaccines. Although some initial trials

resent potential, more studies are needed to establish the use of DNA

accines as monotherapy or in combination, while many strategies offer

romise, to date there are no approved vaccine strategies for breast can-

er. Taken together, despite much focus and interest, cancer vaccines in

reast cancer have not reached integration into standard of care treat-

ent. 

onclusion and future directions 

In addition to the therapeutic strategies discussed above, other novel

herapies including Toll-like receptor (TLR) agonists, CD40 agonist,

D47 inhibitors are also being actively explored in preclinical stud-

es and early phase clinical trials. These three therapies focus more

n targeting the innate immune response. However, the innate and the

daptive immune systems work in close coordination and not indepen-

ently, thus integration of such strategies with checkpoint inhibitors

re likely needed. Immune checkpoint inhibitors so far have shown the

ost promise in the clinic, yet often require combination with other

herapies, particularly in breast cancer. The approval of immune check-

oint inhibitors in TNBC is a major advance, yet the limited benefits to

atients with high PD-L1 expressing tumors points to the strong need

f further research and development in this field. In order to improve
55 
mmune strategies in breast cancer, therapeutic approaches will need to

onsider the important role played by the tumor microenvironment in

acilitating the immune responses as well as several defined and emerg-

ng confounding host factors. 
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