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Key insights from SABCS 2024

The ‘micro’ and ‘macro’ of breast cancer

Results of the ICARO study were presented at last year’s meeting on behalf of the Oncoplastic
Breast Consortium and subsequently published [1]. Findings from this retrospective real-world study
have been practice changing and support the omission of routine completion axillary lymph node
dissection (ALND) in patients with isolated tumor cells (≤0.2mm) (ITCs) in sentinel nodes following
neoadjuvant chemotherapy (NACT) presenting with either clinically node-negative (cN0) or node-
positive (cN1) disease. Residual ITCs are found exclusively in only 1.5% of cases but for patients with
residual nodal macrometastases (>2mm) and micrometastases (≤2mm and >0.2mm) in the context
of NACT, additional nodal deposits are found in up to 60% cases on completion ALND. Results of a
follow-on study from the Oncoplastic Breast Consortium examining the significance of residual
micrometastases in sentinel nodes after NACT (microNACT) will be presented at SABCS 2024.
These may permit further treatment de-escalation to be safely implemented and reduce associated
upper limb morbidity.

INSEMA and SOUND trial updates

On a similar theme of de-escalating axillary surgery, the INSEMA trial may provide further evidence
to support omission of routine sentinel lymph node (SLN) biopsy in patients with smaller, biologically
favorable tumors. Many breast units around the world are now considering omission of surgical 

The most recent SABCS (San Antonio Breast Cancer Symposium®, 10–14th December 2024, TX,
USA) continued the tradition of combining principles of multidisciplinary management with basic
and translational science that underpin therapeutic strategies in breast cancer. 

Discover key presentations in this conference report by John Benson (Cambridge University
Hospitals NHS Foundation Trust, UK).
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staging of the axilla based on results of the SOUND trial presented at the 18th St. Gallen
International Breast Cancer Conference (15–18 March 2023, Vienna, Austria), which is now
published [2] . The SOUND trial revealed similar rates of axillary recurrence in each arm of the trial
(0.4%) with no statistically significant difference in distant DFS at 5 years [HR 0.84; CI 0.45 – 1.54]
for tumors <2cm in patients of mean age 60 years (52–68 years).

Nonetheless, omission of SLN biopsy in women >70 years should be considered; indeed, some
international guidelines such as the National Comprehensive Cancer Network (NCCN) have already
incorporated this change and state that women aged ≥70 years with T1N0 hormone receptor
positive, HER2 negative cancers do not require routine SLN biopsy if in receipt of hormonal therapy.
Both SOUND and INSEMA include women <70 years with mean ages of 60 years and 60.2 years
respectively. Hence these trials broaden the population of patients potentially suitable for omission
of routine SLN biopsy. Although the INSEMA trial has a more complex design than SOUND with a
secondary randomization process, the primary objective was to determine whether the omission of
SLN biopsy is non-inferior to routine surgical staging of the axilla in terms of invasive disease-free
survival.

Tamoxifen guidance

Tamoxifen therapy should be discussed as an option for risk reduction in pre- and postmenopausal
women, whilst a similar recommendation applies to raloxifene for postmenopausal women only.
Furthermore, American Society of Clinical Oncology (ASCO) guidelines acknowledge aromatase
inhibitors (exemestane) as an additional option for breast cancer risk reduction in postmenopausal
women. Uptake of chemoprevention strategies for high-risk patients (whether based on genetic
predisposition or previous biopsy findings of atypical ductal hyperplasia, lobular neoplasia or ductal
carcinoma in situ [ER positive or unknown]) have been modest to date, involving less than 20% of
eligible patients. The dose of tamoxifen in the original chemoprevention trials was 20mg daily (based
on the conventional dose for adjuvant hormonal therapy).

Tamoxifen has notable side effects including thrombo-embolism and increased risk of uterine
malignancy; the Phase III TAM-01 trial reported that low dose tamoxifen (5mg daily) administered
for 3 years significantly reduced the chance of invasive disease recurrence [HR 0.36; 95% CI 0.14 –
0.92; p= 0.025] at 10 year follow up and 7 years from treatment cessation [3]. Moreover, the
incidence of adverse events was similar for tamoxifen and placebo groups. Information will be
presented at SABCS2024 on changes in low-dose tamoxifen usage and uptake of chemoprevention
following the publication of TAM-01 and amended guidelines from ASCO and the NCCN.

Balancing treatment benefits and quality of life in older patients

The absolute benefits of adjuvant breast cancer therapies are smaller in older patients who have
fewer years of remaining life and potential co-morbidities.
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Optimization of therapies must balance oncological benefit with quality-of-life. The Phase III
EUROPA trial randomized women over 70 years of age with stage I luminal-type breast cancer to
either breast irradiation or endocrine therapy. Results of this trial will provide important information
on health-related quality of life for shared decision making between patients and their physicians.
Interestingly, with the advent of five fraction regimens (1 week) for breast radiotherapy, the risk-to-
benefit ratio for adjuvant treatments has changed and we should no longer necessarily strive for
omission of breast irradiation. Ian Kunkler (University of Edinburgh, Scotland) will present the eagerly
awaited results of the SUPREMO trial evaluating the benefits of post-mastectomy radiotherapy for
‘intermediate risk’ patients with 1–3 positive axillary nodes. Benefits of PMRT are well established for
patients with ≥4 positive nodes but there exists much variation in practice (and national guidelines)
pertaining to fewer than four positive nodes.

Another potentially practice-changing trial will be the NRG Oncology/RTOG 9804 and ECOG-ACRIN
ES194 trial, which will address whether endocrine therapy only will suffice for “good risk” cases of
ductal carcinoma-in-situ following surgical resection with clear surgical margins.

OlympiA trial progress

Judy Garber (Dana-Farber Cancer Institute, MA, USA) will present long term results of the OlympiA
trial that has investigated the benefit of adding a PARP inhibitor (olaparib) to adjuvant therapies in
high risk HER2 negative breast cancer patients with pathogenic germline mutations in the BRCA-1
or BRCA-2 genes. These patients with an inherited mutation of these breast cancer predisposition
genes have a pre-existing defect in DNA-repair mechanisms that renders cancer cells more
susceptible to the effects of a poly(ADP)-ribose polymerase (PARP) inhibitor that further
compromises the ability of cancer cells to satisfactorily repair damaged DNA and thereby succumb
to apoptotic cell death. At a median follow up of 3.5 years, this trial has previously shown a
statistically significant improvement in overall survival for olaparib compared with placebo in
germline BRCA1/2 mutation carriers[4]. 

The opinions expressed in this interview are those of the author and do not necessarily reflect the views of Oncology
Central or Taylor & Francis Group.

Author profile: In addition to serving as a Consultant Breast Surgeon in the Cambridge Breast
Unit (UK), John Benson holds academic positions as an Associate Lecturer at
the University of Cambridge, a Visiting Professor at the School of Medicine,
Anglia Ruskin University and an Honorary Lecturer at the University of East
Anglia (UK).

He co-convenes the Advanced Skills in Breast Disease Course, now hosted by
Selwyn College Cambridge (UK) after its transition from the Royal College of
Surgeons of England. Additionally, he serves as the Module Lead for the
Masters in Oncoplastic Breast Surgery, a program jointly run by the University
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Breastfeeding choices for cancer patients:
insights from the POSITIVE trial

What factors or conditions should be considered when recommending
breastfeeding for breast cancer patients post-treatment?

Any woman who wishes to breastfeed after breast cancer should be supported in doing so.
Breastfeeding counseling should be non-directive and explore each woman’s attitudes, offering
support when needed. All reproductive choice options should be discussed as part of preconceptional
or prenatal counseling. I really like the idea of having a “birth plan” during pregnancy to address
possible issues about breastfeeding after breast cancer well in advance.
The POSITIVE trial evaluates the safety of pausing endocrine treatment in patients with hormone
receptor-positive breast cancer who want to become pregnant. It is a prospective, international,
multicenter, single-arm trial that enrolled 518 patients who were 42 years or younger across 20
countries over 5 years. Eligible patients had Stage I–III hormone receptor-positive breast cancer and
had a strong desire to become pregnant. The trial allowed 18–30 months of endocrine treatment,
followed by 3 months of wash out, and up to 2 years’ break to allow for conception, delivery and
breastfeeding. After that, patients were strongly suggested to restart and complete endocrine
treatment.

The analysis of data about breastfeeding from the POSITIVE trial are quite clear: breastfeeding after
breast cancer should be supported as it is feasible and safe, at least in the short-run. On the other
hand, even if the advantages of breastfeeding for the infant are definitive, women who choose not to
breastfeed after breast cancer should be equally supported.

In this interview, Fedro Peccatori (Istituto Europeo di Oncologia, Milan, Italy) discusses the
POSITIVE trial, which is assessing the impact on women with Stage I–III hormone receptor-
positive breast cancer taking a break from endocrine treatment to breastfeed. He highlights the
importance of discussing breastfeeding with pregnant breast cancer survivors in prenatal
counseling and concludes by discussing future work that needs to be done to understand the
long-term impact of pausing treatment to breastfeed.

https://www.oncology-central.com/breastfeeding-choices-for-cancer-patients-insights-from-the-positive-trial/
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Of note, one of the factors favoring breastfeeding in the POSITIVE cohort was breast-conserving
surgery. In the study, we could not explore the reason why women with unilateral mastectomy
breastfed less but this is an interesting point to address in the future.

What other endpoints were explored in the trial?

The primary endpoint of the POSITIVE trial was the breast cancer free interval. Secondary endpoints
were the distant recurrence-free interval, pregnancy outcomes, offspring outcomes, use of assisted
reproductive technology, adherence to endocrine treatment and breastfeeding. Results after a
median follow up of 41 months were published in the New England Journal of Medicine and Journal
of Clinical Oncology and breastfeeding data are those presented at the European Society for Medical
Oncology Congress 2024 that will be eventually published in a peer-reviewed journal [1,2].

How do you hope to see these findings impacting clinical guidelines for breast
cancer aftercare?

Given these data, speaking about breastfeeding to women who are pregnant after breast cancer
should be an essential part of the prenatal counseling of breast cancer survivors. The POSITIVE trial
is the largest prospective series investigating breastfeeding frequency, pattern and impact on breast
cancer relapse in women with hormone receptor-positive early breast cancer who temporarily
interrupted endocrine treatment to seek pregnancy.
I hope this evidence, together with the evidence coming from patients harboring BRCA pathogenic
variants, will be incorporated into clinical guidelines and help women exploit their reproductive
choice to achieve real reproductive autonomy.

What are the next steps for the study?

We need to continue the follow-up of patients in the POSITIVE study to understand if the temporary
interruption of endocrine treatment is safe in terms of providing a breast cancer free interval and to
understand if breastfeeding is safe in the long run. POSITIVE is an academic trial with no support
from pharmaceutical companies and we are seeking forward-thinking donors interested in
supporting the completion of this practice-changing study.



Interviewee profile:

Fedro Peccatori is the Director of the Fertility and Procreation Unit within the
Division of Gynecologic Oncology at the European Institute of Oncology (Milan,
Italy). He is a medical and gynecologic oncologist whose clinical activities
mainly include the diagnosis and treatment of breast cancer, gynecologic
malignancies and tumors in young adults. His main research projects deal with
fertility preservation and counseling in young oncological patients,
pharmacological protection of ovarian function during chemotherapy, clinical
and molecular characterization of pregnancy-associated cancers and research
protocols for the treatment of breast and gynecological malignancies.
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Central or Taylor & Francis Group.
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. I ntro duction 

mmune checkpoint inhibitors (ICIs) emerged as the
r eakthr ough of the previous decade in the field of
ncology, r epr esenting a safe and effective anticancer
pproach with long-lasting responses in a variety of
umor types [ 1 ]. Simultaneously, the parallel introduc-
ion of Poly ADP-ribose polymerase inhibitors (PARPi)
as achieved the so-called synthetic lethality in certain

umors with pre-existing defects in the DNA damage
epair pa thw ay. As both stra t eg ies offer enc ourag ing
ntitumor activity without overlapping toxicities, it is
 aluable to investiga te a possible synergistic activity in
he clinical setting [ 2 ]. 

. Rationale for combining immunotherapy 

with PARP inhibitors 

arious mechanisms have been proposed in favor of
ombining ICIs with PARPi. First of all, homologous
ecombina tion deficien t (HRD) tumors migh t benefit from
ncreased neoantigen load as well as an increased tumor

utational burden when treated with PARPi [ 3 ]. 
Secondly, DNA damage has been shown to induce the

ctiv a tion of the STING and NF- κB pa thw ay s, which c ould
n turn increase the effectiveness of ICIs by boosting the
roduction of type I in terferon, independen tly of HRD [ 4 ].

Preclinical evidence also suggests that PARPi lead to
D-L1 upregulation in a multiparametric manner; the
nly drawback lies on the recent knowledge that PD-L1
hould not be considered the most robust biomarker to
redict ICIs’ efficacy [ 5 ]. Furthermore, the inhibition of
ARP could modify the tumor micr oenvir onmen t tow ard
 more ICI susceptible state [ 6 ]. 

Altogether, these data provide encouraging preclinical
videnc e t o support the c ombination of ICIs with PARPi

n the clinical setting. Brown et al. provided a preliminary
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his article has been corrected with minor changes. These changes do not impact th
2024 Informa UK Limited, trading as Taylor & Francis Group 
sequencing approach paradigm in 2018; immune-hot
tumors should be treated with ICIs monotherapy, while
PARPi could be added at disease pr ogr ession. On the
contr ary, a short -term induction trea tmen t with PARPi
before adding ICIs could be utilized in cases of immune-
cold tumors; otherwise, an upfron t combina tion of both
drugs could be an alternative approach [ 3 ]. 

Eitherwa y, PARPi ha ve failed t o demonstrat e a robust
overall survival (OS) benefit when used as a monother-
apy [ 7 , 8 ], while they may also negatively affect OS when
used in subsequent treatment lines based on recent
evidence arising from ovarian cancer [ 9 ]. Currently, PARPi
seem to benefit only certain pa tien t popula tions in terms
of OS and only when combined with other anticancer
agents [ 10 , 11 ]. Meanwhile, ICIs generally provide their
optimal efficacy when given upfront in various types of
malignancies [ 12 ], so the pursue for a possible synergistic
activity with targeted trea tmen t is worthwhile. 

Curr ently, numer ous Phase II studies aim to
investigat e this c ombination in breast cancer with
(NCT04837209) or without radiation (NCT03025035), in
gastric adenocarcinoma (NCT04209686), in pancreatic
cancer (NCT05093231), in head and neck carcinoma
(NCT04681469) and in sarcomas (NCT06074692). 

In the following sections, we are going to present
the most enc ourag ing lat est clinical data and discuss
the possible reasons behind the failure t o c onfirm the
preclinical synergy into the clinical setting. A meticulous
study design and methodology is the c ornerst one of
unveiling the specific populations who could benefit from
combinations of PARPi with ICIs. 

3. “The go o d” – A n oncoming re volution in 

endometrial cancer? 

The addition of immunotherapy to first-line chemother-
apy is already established in advanced endometrial carci-
il.gr 

e academic con ten t of the article. 
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oma [ 13 ]. The DUO-E Phase III trial assessed the addition
f durvalumab to first -line chemother ap y, follo wed b y
aint enanc e durvalumab with or without the addition of

laparib. In the in ten tion-to-trea t popula tion a t the first
nt erim analy sis, both arms w er e found superior v ersus
hemotherapy alone cohort in terms of pr ogr ession-fr ee-
urvival (PFS), but only the durvalumab (an anti-PD-
1 monoclonal antibody which blocks the interaction
etween PD-L1 and PD-1) – olaparib (a PARP1 and PARP2

nhibit or) c ombination pr ov ed its super ior ity versus con-
rol in terms of OS. Furthermore, pa tien ts trea ted with
he durvalumab – olaparib combination seem to fare
etter than the ones treated with durvalumab alone

n the maint enanc e setting, but unfortunately no direct
omparison can be drawn between the two arms due to
he study design [ 14 ]. 

Based on the prespecified explorat ory subg roup anal-
ses, the addition of olaparib seems to benefit the
roficien t missma tch repair (pMMR) subgroup the most, a
nding which is c onsist ent with the paradig m suggest ed
 y Bro wn et al. in 2018 [ 3 ]. PD-L1 positive tumors seem

o benefit from the addition of durvalumab – with
r without olaparib, while pa tien ts with muta tions in

he homologous recombination repair pa thw ay achieved
 70% reduction in the risk of pr ogr ession or death
hen treated with durvalumab – olaparib versus contr ol .
dditionally, it seems tha t pa tien ts with serous histology
erive the most benefit when given olaparib on top of
hemoimmunotherapy [ 14 ]. 

. “The bad” – Disappointing evidence in 

ovarian cancer & lung cancer; or not exactly? 

lthough PARPi w er e first intr oduced in the field of med-
cal oncology owing to their effectiveness in advanced
varian cancer, the results of immunotherapy still remain
ev asta ting in this tumor t ype. A variet y of mecha-
isms are linked with resistance to ICIs, defining ovarian
ancer as a generally immune-cold tumor [ 15 ]. It may
e assumed that this disease would not be the most

deal to point out a clinical synergy between PARPi and
mmunotherapy, although a possible benefit in distinct
ubg roups (endometrioid hist ology, other less c ommon
ist olog ies, dMMR, MSI-high) could not be ruled out. 

Despite the pessimistic preclinical evidence, the DUO-
 Phase III trial aimed to investigate the benefit of adding
oth durvalumab and olaparib to standard- of- care treat-
en t in non- BRCA pa tien ts with adv anced ov arian cancer

imilarly to the successful DUO-E trial in endometrial
anc er; of not e, durv alumab w as used upfron t, while
laparib was added in the maint enanc e setting. A s
xpected, the first interim analysis r ev ealed a statistically
nd clinically meaningful benefit in terms of PFS, which
was more pronounced in HRD pa tien ts. Unfortuna tely, no
safe conclusions arise from this study, as no PARPi was
allowed in the control arm as maint enanc e trea tmen t; for
this reason, the benefit of durvalumab addition cannot be
quantified [ 16 ]. 

Regarding the data arising from non-small cell lung
cancer (NSCLC), the ongoing Phase III KEYLINK-06 trial is
investigating the efficacy of pembrolizumab – olaparib
v ersus pembr olizumab – pemetr exed maint enanc e aft er
first-line standard chemoimmunotherapy in pa tien ts with
nonsquamous NSCL C. Specifically , in March 2024 the
sponsor announced that the combination misses the PFS
and OS end points, but the inv estigators ar e expecting the
data to mature in order to provide a full analysis in the
future. Despite the disappointing early results leading to
a seemingly negative trial, the design of this trial should
serve as the paradigm for designing similar studies in
other malignancies, as it aimed to uncover the efficacy
of PARPi in the maint enanc e setting after achieving
a benefit from platinum-based chemoimmunotherapy.
Furthermore, this study proves that PARPi do not benefit
pa tien ts with NSCLC as it would be an ticipa t ed aft er
response to platinum, even if this is an unanimously
platinum-sensitive disease. Perhaps we should look into
the subgroup of pa tien ts who could derive some benefit
from this approach, as it is known that a minority of NSCLC
pa tien ts respond to platinum rechallenge – which means
that their disease is more vulnerable to DNA damage [ 17 ].
The same conclusions could be drawn from the KEYLINK-
008 Phase III trial in squamous NSCLC that was halted due
to futility [ 18 ]. 

5. “The ugly” – The off-label clinical experience 

in breast cancer 

The oncology community is gradually becoming more
confident in combining immunotherapy with olaparib
in the adjuv an t setting of certain triple-nega tiv e br east
cancer (TNBC) pa tien ts, even though no randomized clin-
ical trial has established the superiority of this approach
v ersus standar d- of- car e practice [ 19 ]. The r elev an t studies
incorporating these two drugs separately in ev ery day
clinical practice are thoroughly analyzed in the following
par agr aphs. 

KEYNOTE-522 set a pembrolizumab-based chemoim-
munotherapy approach as the standard- of- care choice
in nonmetastatic TNBC, as the c ombination induc ed
increased patholog ic c omplet e responses (pCR) and
ev ent-fr ee survival rates versus neoadjuvant chemother-
apy alone [ 20 ], r egar dless of the PD-L1 score and the pCR
out c ome [ 21 ]. Of note, adjuv an t trea tmen t with neither
capecitabine nor olaparib was allowed in this study, while
another study had already previously proven the benefit
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f adding immunotherapy to chemotherapy in metastatic
NBC irr espectiv e of germline BR CA (g BR CA ) status [ 22 ]. 

During the same period of time, the OlympiA trial
ssessed the use of olaparib for 1 year in the adjuv an t
etting of high-risk HER2-negative breast cancer with
 BRCA mutations. Around half of the participants had
 eceiv ed neoadjuv an t therapy – but not the KEYNOTE-
22 regimen as it had not been pr ov en a t tha t time. The
ec ond int erim analy sis showed a sta tistically significan t
S benefit for pa tien ts trea ted with olaparib versus
lacebo [ 23 ]. 

As the safety of the immunotherapy – olaparib
ombination has already been shown in the MEDIOLA
rial [ 24 ], this regimen is increasingly being utilized in the
djuv an t setting of TNBC pa tien ts carrying g BRCA – and
ther [ 25 ] – mutations, who r eceiv ed the KEYNOTE-522
 egimen pr eoperativ ely without achieving pCR, with the
ope of offering an additive or even synergistic effect.

ndirect evidence suggests that patients with g PALB2
utations also derive benefit from adjuv an t olaparib, so

his subgroup is also often treated with this off-label
 egimen in ev ery day clinical practice [ 25 ]. It would be
aluable t o c ollect r eal w orld data fr om this off-label
ppr oach, or ev en conduct a r elev an t randomized clinical
rial in TNBC on the basis of the KEYNOTE-522 study, with
he exception of permitting the adjuv an t use of olaparib
here applicable. 

The same strategy should be investigated in the peri-
perative setting of hormone-rec ept or positive breast
ancer with g BRCA mutations, given the encouraging
r eliminary r esults of the KEYNOTE-756 study [ 26 ]. 

. Conclusion & future p ersp ective 

lthough numerous trials have investigated the combi-
ation of PARPi with ICIs, there is still insufficient data

o establish this combination versus standard- of- care
ptions. One reason is the inclusion of unselected pa tien t
opulations in most studies. The lack of consensus in
efining and precisely measuring HRD in nonovarian

umors is indicative in the prospective study of Kim et al.
ha t w as published in 2022; in this case, HRD w as
efined as the presence of at least one HR related gene
utation [ 27 ], while the definition of HRD in ovarian

ancers is much more complex and correlated with
ncreased benefit from PARPi [ 28 ]. 

Even tually, the combina tion of PARPi with
mmunotherapy could provide an individualized
pproach for pa tien ts with diverse malignancies. For this
eason, it is essential to precisely define and measure HRD
n each type of malignancy so as to predict the an ticipa ted
enefit from PARPi. These drugs may augment the
fficacy of immunotherapy, converting immune-cold
tumors to hot ones [ 3 ]. In addition, the radiosensitising
properties of PARPi [ 29 ] could be exploited in clinical
trials, which could in turn induce the so-called “abscopal
effect” when combined with immunotherapy [ 30 ].
Consequently, the inclusion of carefully selected patient
popula tions migh t shed ligh t t o the ext ent of synergy in
the clinical setting and also lead to approvals. 
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Sacituzumab govitecan (SG) is a new antibody–drug conjugate directed against the cell-surface antigen
Trop-2. Characteristics of the linker connecting the payload SN-38 to the antibody allows SG to kill tumor
cells expressing Trop-2 and also the adjacent tumor cells (bystander effect). SG showed efficacy and
safety in several epithelial tumors. The phase III ASCENT trial led to the approval of SG (10 mg/kg, d1,8
q3w) in patients with advanced or metastatic triple-negative breast cancer (TNBC) who have received
≥2 prior systemic therapies, including ≥1 for metastatic disease. The phase III TROPiCS-02 trial in heavily
pretreated advanced hormone receptor (HR)-positive breast cancer has recently shown an improvement
in progression-free survival for patients treated with SG compared to single-agent chemotherapy. The
phase III post-neoadjuvant SASCIA study in early high-risk TNBC and HR-positive breast cancer is currently
recruiting patients.

Plain language summary: Sacituzumab govitecan is a new treatment for metastatic triple-negative breast
cancer. Triple-negative means that the three most commonly identified proteins are not found on the
surface of cancer cells (estrogen or progesterone receptor and high level of the protein HER2). Metastatic
breast cancer indicates that the breast cancer has spread to other parts of the body. Sacituzumab govitecan
is a monoclonal antibody, a therapeutic antibody or protein that can attach a specific target on the
surface of cancer cells known as Trop-2. The antibody carries a medication known as SN-38, which is
released within and around the cancer cells, causing the destruction of cancer cells. The ASCENT trial
compared 3 acituzumab govitecan with chemotherapy, which is a treatment that kills cancer cells or
stops them from dividing. The trial showed that patients with advanced triple-negative breast cancer
who took sacituzumab govitecan lived longer than those who took a different chemotherapy regimen
while on the study. The TROPiCS-02 trial showed that also patients with a metastatic cancer expressing
estrogen or progesterone receptor, known as hormone-receptor positive breast cancer, derived benefit
from sacituzumab govitecan. The SASCIA trial will define if patients with early breast cancer receiving
sacituzumab govitecan after surgery might live longer without the recurrence of cancer. Early-stage breast
cancer means that the cancer has not spread to other parts of the body and can be completely removed
with surgery.

First draft submitted: 19 April 2022; Accepted for publication: 27 July 2022; Published online:
7 September 2022

Keywords: antibody–drug conjugate • early breast cancer • metastatic breast cancer • sacituzumab govitecan

Antibody–drug conjugates
Antibody–drug conjugates (ADCs) are a new class of drugs, composed of a monoclonal antibody usually humanized
to reduce immunogenicity [1], bound to a highly potent chemotherapeutic agent (payload) through a linker
(cleavable or non-cleavable). The characteristics of the linker are essential in determining where the drug is released
(intra or extracellularly). Non-cleavable linkers are highly stable, resistant to proteolytic degradation, which allow
cleavage only after antibody degradation within the lysosome, but these have lower membrane permeability [1,2].
Therefore, non-cleavable ADCs act primarily after internalization within cells expressing the target antigen and
are best suited to treat cancers that have high and homogenous expression of the target [3]. Cleavable linkers
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Figure 1. Sacituzumab govitecan mechanism of action.

are characterized by a cleavage occurring either through lysosomal proteases, glutathione reduction or in a pH-
dependent fashion [4]. Owing to these properties, the ADC can kill the antigen-expressing cells after internalization
and also the neighboring cells, which do not express the target antigen, by the release of the drug in the tumor
microenvironment (bystander effect) [5]. The target of the monoclonal antibodies is usually expressed on the tumor
cells or as a molecule of the stroma surrounding the tumor. Ideally, targeted antigens should be expressed at low level
on normal cells and at high level on tumor cells or tumor microenvironment. The payload is usually an extremely
potent anticancer drug, which cannot be administered as a free drug due to its narrow therapeutic index [1]. The
conjugation to the monoclonal antibody permits the release of the drug within the tumor cells or in the tumor
microenvironment but only to a very limited extent in the bloodstream, significantly reducing toxicity.

Currently, four ADCs are approved by the US FDA for the treatment of solid tumors: trastuzumab emtansine
(T-DM1) [6–8], for the treatment of HER2-positive metastatic breast cancer (mBC) pretreated with trastuzumab and
a taxane and for HER2-positive early breast cancer with residual disease after neoadjuvant trastuzumab and taxanes;
trastuzumab deruxtecan (T-DXd) [9], for HER2-positive mBC progressing on two or more prior anti-HER2-
based regimens; enfortumab vedotin (EV) [10], for locally advanced/metastatic urothelial carcinoma previously
treated with a PD-(L)1 inhibitor and a platinum-based chemotherapy as (neo)adjuvant or metastatic treatment;
and sacituzumab govitecan (SG). The present review mainly focuses on SG, which has been recently approved
by the FDA as well as the EMA for the treatment of patients with unresectable locally advanced or metastatic
triple-negative breast cancer (mTNBC) who have received two or more prior systemic therapies, at least one of
them for metastatic disease [11].

Sacituzumab govitecan
SG is an ADC composed of the humanized monoclonal antibody hRS7 and the toxic payload SN-38. SN-38 is
the active metabolite of irinotecan (topoisomerase-I inhibitor) (Figure 1). The target of sacituzumab is Trop-2,
which was discovered about 40 years ago as a cell surface marker of trophoblast cells [12]. Subsequently, it became
evident that the same glycoprotein expressed in several different tumor types had been described under several
names (e.g. TACTSTD2, M1S1, GA733-1, EGP-1), and the name given at the time of discovery, Trop-2, was
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used from then on [13]. Trop-2 is expressed in many epithelial solid cancers, including breast, gynecologic and
gastrointestinal tumors, bladder and prostate cancer and oral squamous cell carcinoma [14]. In breast cancer MCF-7
cells, Trop-2 expression is necessary and sufficient to stimulate transformed cell growth [15]. Trop-2 overexpression
might be associated with a less favorable breast cancer phenotype [16]. Especially TNBC is characterized by a
high expression of Trop-2. Trop-2 expression levels were evaluated in 150 patients with TNBC using a validated
immunohistochemistry assay and histochemical scoring (H-score). Overall, 56% patients had a high H-score (100–
200), 26% had a H-score medium (200–300), and 18% had a low H-score (<100) [17,18]. Of the latter, seven
patients did not express Trop-2 on immunohistochemistry. Trop-2 overexpression is linked to increased tumor
growth and cell migration, contributing to tumor progression [19]. Among patients with breast cancer, Trop-2
activation state has been reported as a determinant of progression, with membrane localization associated with
worse survival [20]. A meta-analysis of 15 studies showed that Trop-2 overexpression was significantly associated
with poor overall survival (OS) in patients with solid tumors (pooled Hazard Ratio: 1.9; 95% CI: 1.6–2.25) [14].
SG binds to Trop-2 with nanomolar affinity. In contrast to other ADCs, SG is characterized by a moderately
cytotoxic payload and high drug-to-antibody ratio (7.6:1) [21]. SN-38 is bound to the monoclonal antibody via the
hydrolyzable linker CL2A, which enables SG to act with a double effect. The antibody component of SG binds to
Trop-2 expressed on the cell surface of tumor cells, leading to an enrichment of the ADC within the tumor. The SG-
Trop-2 complex is internalized via receptor-mediated endocytosis. Via lysosomal degradation the linker is cleaved,
releasing the active SN-38, which can kill the tumor cell by blocking DNA replication. However, the time-depended
hydrolysis of the linker releases part of SN-38 outside the tumor cells, within the tumor microenvironment, thereby
killing adjacent tumor cells not expressing Trop-2 [21,22]. A similar ADC that comprised the same monoclonal
anti-TROP2 antibody (hRS7) and SN-38 but a more stable linker leading to a lesser degree of extracellular drug
release demonstrated lower activity in a preclinical mouse model, underlining the importance of the linker as part
of the ADCs [22].

Dose selection
The phase I 3+3 dose escalation study (NCT01631552) [23] enrolled 25 patients with diverse metastatic epithelial
cancers. SG was administered on d1,8 q3w cycles until dose-limiting toxicity or progression. Studied doses were
8, 10, 12 and 18 mg/kg. Most of the patients received acetaminophen, antihistamines and dexamethasone to
avoid allergic reactions. However, prophylaxis with antiemetics and anti-diarrheal medications were not allowed.
The maximum tolerated dose was 12 mg/kg, with neutropenia being the dose-limiting toxicity, but dose delays
and dose reductions were frequent. To increase compliance, the two lower doses, 8 and 10 mg/kg were further
investigated. No treatment-related grade 4 toxicities were observed, and grade 3 toxicities were confined to fatigue,
neutropenia, leukopenia and diarrhea. The 8 and 10 mg/kg doses were selected for assessment in the phase II study
(Recommended Phase II Dose, RP2D), as these dose levels permitted the administration of more cycles with limited
toxicity. SG demonstrated activity also in patients who failed or relapsed under prior therapy with a topoisomerase-I
inhibitor. The subsequent phase 2 dose-expansion component of the study focused on the accrual of additional
patients with diverse metastatic epithelial cancers who progressed after at least 1 prior standard therapy. Enrollment
was performed in a sequential manner, first at the 8 mg/kg dose level and then at the 10 mg/kg level given on d1,8
q3w cycles. Overall, 178 patients were enrolled at starting dose levels of 8 and 10 mg/kg, including those who were
at these dose levels in the phase 1 trial. Safety of the two doses as well as the time on treatment were not different.
However, as 10 mg/kg SG provides better overall response and clinical benefit rates compared to 8 mg/kg, the
higher dose was chosen for further investigations in different indications [24].

Pharmacokinetics & pharmacodynamics
In the phase I escalation study, concentration of SG and the antibody IgG increased with increased dose. Most
of SN-38 in the serum (>96%) was bound to IgG. At 10 mg/kg, the mean AUC(0-inf ) for free SN-38 was
3630 ng·h/ml and the AUC(0-inf ) for total SN-38 was 111 000 ng·h/ml, indicating that most of the SN-38 was
bound to the antibody. The sample size was small for the 8 mg/kg group, but exposure parameters increased with
increasing dose [25]. In serum in vitro, 50% of SN-38 was released from the ADC within 24 h. SG cleared with a
half-life of approximately 11 to 14 h, reflecting the release of SN-38 from the conjugate [22]. IgG cleared more slowly
(half-life, approximately 103–114 h). Clinically, more than 90% of SN-38 is released in 3 days. In xenograft models
hRS7-CL2A-SN-38 conjugate (conditionally cleavable) was superior to the highly stable hRS7-CL2E-SN-38 and
control conjugate with CL2A linker, owing to enhanced bystander effect [26]. No antibody response against hRS7
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Table 1. Summary of the available efficacy results of sacituzumab govitecan in several advanced epithelial tumors.
Cohort† ITT ORR (%, 95% CI) CBR (%, 95% CI) mPFS (months, 95% CI) mOS (months, 95% CI) Ref.

TNBC 108 33.3 (24.6–43.1) 45.4 (35.8–55.2) 5.6 (4.8–6.6) 13 (11.2–14.0) [25,33]

HR+/HER2- BC 54 31.5 (19.5–45.6) 44.4 (30.9–58.6) 5.5 (3.6–7.6) 12 (9.0–18.2) [25,34]

Non-small-cell lung cancer 54 16.7 (7.9–29.3) 24.1 (13.5–37.6) 4.4 (2.5–5.4) 7.3 (5.6–14.6) [25,35]

Small-cell lung cancer 62 17.7 (9.2–29.5) 24.2 (14.2–36.7) 3.7 (2.4–4.8) 7.1 (5.6–8.1) [25,36]

Esophageal carcinoma 19 5.3 (0.1–26.0) 21.1 (6.1–45.6) 3.4 (1.9–6.0) 7.2 (4.9–14.7) [25]

Colorectal cancer 31 3.2 (0.1–16.7) 19.4 (7.5–37.5) 3.9 (1.9–5.6) 14.2 (6.8–19.1) [25]

Pancreatic adenocarcinoma 16 0 (0–20.6) 0 (0–20.6) 2.0 (1.1–3.5) 4.5 (2.9–7.0) [25]

Urothelial cancer 45 28.9 (16.4–44.3) 44.4 (29.6–60.0) 6.8 (3.6–9.7) 16.8 (9.0–21.9) [25,37]

Endometrial 18 22.2 (6.4–47.6) 44.4 (21.5–69.2) 3.2 (1.9–9.4) 11.9 (4.7–nr) [25]

Castrate-resistant prostate cancer 11 9.1 (0.2–41.3) 27.3 (6.0–61.0) np np [25]

†Due to the small size of the cohorts, results on patients with head and neck squamous cell carcinoma (n = 4), gastric cancer (n = %), glioblastoma multiforme (n = 3), hepatocellular
carcinoma (n = 2), renal cell carcinoma (n = 1), cervical cancer (n = 1), ovarian cancer (n = 8) are not available.
CBR: Clinical benefit rate; DOR: Duration of response; HR: Hormone receptor; ITT: Intention-to-treat; m: Median; np: Not present; nr: Not reported; nr: Not reached; ORR: Overall
response rate; OS: Overall survival; OSP: Overall safety population; PFS: Progression-free survival; TNBC: Triple-negative breast cancer; UC: Urothelial cancer.

IgG or SN-38 was detected, even after multiple cycles [23,24]. The volume of distribution was estimated as 2.72 l for
SG and 1.44 l for the naked antibody. These results suggest that SG is distributed more than the unconjugated
antibody. SN-38 is highly bound to human plasma proteins, predominantly albumin [27]. The distribution and
clearance of the antibody portion of SG is similar to other IgG1 antibodies and is influenced by Trop-2-mediated
uptake, pinocytosis and FcRn-receptor mediated uptake and clearance mechanisms in vivo. The estimated clearance
of SG was 0.132 l/h and that of IgG 0.0143 l/h, suggesting that the ADC is cleared faster than the naked antibody.
As long as SN-38 is tied to the antibody, it is protected from glucuronidation. In the liver, SN-38 can be conjugated
to UGT1A1 forming the inactive metabolite SN-38G. SN-38 may also be metabolized by CYP3A4.

SG is most efficacious at the high drug-antibody ratio of 7.6:1, which does not affect binding and pharma-
cokinetics. It delivers up to 136-fold more SN-38 to tumors than irinotecan [28]. SG delivers SN-38 in its most
active, non-glucuronidated form, which may explain the lower frequency of severe diarrhea than with irinotecan.
Interestingly, antitumor effect of SG was greater in mice-bearing tumors with higher Trop-2 expression, with
significantly greater effects with SG vs all other treatments in these mice. However, a clinical benefit was observed
both in chemo-sensitive solid tumors with low Trop-2 expression, as well as in chemo-resistant tumors with high
Trop-2 expression [29].

IMMU-132-01: phase I/II basket trial in metastatic solid tumors
IMMU-132-01 was a phase I and II multicenter, single-arm, basket study (NCT01631552), which enrolled patients
with many different solid epithelial tumors, including patients with mTNBC refractory to or relapsed after at least
one standard line of therapy. Patients with brain metastases were enrolled only if stable. In the phase II part, all
patients received SG 10 mg/kg administered intravenously on d1,8 q3w cycles. Treatment was given until disease
progression, unacceptable toxicity, investigator or patient decision or death. The first analysis was conducted in
69 patients with mTNBC [18]. Most of them were heavily pretreated, with a median of five prior treatment lines.
SG was administered for a median of 14 doses with median exposure duration of about 5 months. The overall
response rate (ORR) was 30%, with a median time to an objective response of 1.9 months and a median duration
of response of 8.9 months. Despite being a heavily pretreated population, median progression-free survival (PFS)
was 6 months and overall survival (OS) was 16.6 months favoring SG when compared with previous reports on
single agent chemotherapy [30,31]. Patients with moderate/strong Trop-2 staining demonstrated a longer median
PFS compared to patients with weak expression (7.1 vs 3.1; p = 0.019). A summary of the efficacy results of
the phase I/II basket trials in several advanced epithelial cancers is presented in Table 1. The toxicity profile was
manageable, with 41% of the patients experiencing grade 3-4 AEs mainly neutropenia (39%), leukopenia (16%),
anemia (14%) and diarrhea (13%). Febrile neutropenia was experienced by 7% of the patients. Dose reduction
due to adverse events (AEs) was necessary mainly due to neutropenia for 19% of the patients in the first two cycles,
16% later on. Based on these preliminary results, SG was assigned a ‘breakthrough therapy’ designation by the
FDA in 2016 for the treatment of patients with mTNBC who have received two or more prior systemic therapies,
at least one of them for metastatic disease [32]. The analyses conducted in the expanded cohort of 108 patients
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confirmed the results previously obtained (Table 1) [33]. Additionally, there was no significant difference in response
rates according to patient age, number of previous therapies, or the presence or absence of visceral metastases.
Among patients who received previous checkpoint inhibitors, the response rate was 44%. No new safety concerns
emerged. Efficacy and safety in mTNBC patients were further evaluated in the phase III confirmatory ASCENT
study (NCT02574455) [11].

In the basket trial, a further cohort of 54 patients with hormone receptor (HR)-positive/HER2-negative breast
cancer was included. Patients had to have disease progression on endocrine-based therapy and should have received
at least one prior chemotherapy for mBC [34]. Overall, 59% of the patients received prior treatment with a CDK4/6
inhibitor and 44% with an mTOR inhibitor. Patients in this cohort received a median of 13.5 doses of SG, with
a median duration of exposure of 4.6 months. About one-third of the patients achieved an objective response
with a median time to an objective response of 2.1 months. ORR was higher and median PFS, and OS were
longer in patients without prior exposure to CDK4/6 inhibitors (ORR in patients without vs with prior CDK4/6
inhibitor, 40.9% vs 25%), although numbers for this comparison are very small. As for patients with mTNBC,
SG demonstrated a favorable activity in HR-positive advanced breast cancer (Table 1) with a manageable safety
profile when compared to the current standard of care chemotherapy in this setting [38]. Efficacy and safety in
patients with HR-positive advanced breast cancer is further evaluating in the ongoing phase III TROPiCS-02 study
(NCT03901339) [39].

Data published on multiple histologic cohorts showed that SG has antitumor efficacy in non-small-cell lung
cancer [35], small-cell lung cancer [36], and metastatic urothelial carcinoma [37] (Table 1). Efficacy and safety
data on the overall cohort of patients with epithelial tumors were recently published (overall safety population)
and includes previously unpublished disease cohorts (e.g. gastrointestinal, pancreatic, endometrial and renal cell
carcinoma) [25]. SG showed antitumor activity and a good tolerability in patients with different refractory metastatic
epithelial cancers. In patients with gastrointestinal tumors, response rate was low, possibly due to previous irinotecan
exposure. This was not the case for patients with small-cell lung cancer, which respond despite previous therapy
with irinotecan. The highest response rates were achieved in patients with endometrial carcinoma. Median PFS
and OS were similar in the different cohorts but were longer in patients with colorectal cancer. Toxicity was in line
with previous reports and was manageable with dose reductions/delays and supportive treatment such as growth
factor support or antidiarrheal medications. Only 8% of the patients discontinued treatment due to AEs. Patients
homozygous for the UGT1A1*28 allele showed higher risk for neutropenia but not diarrhea. Results are in line with
the analysis of the ASCENT study [11]. Even if the assessment of UGT1A1 genotype is not generally recommended,
patients with known UGT1A1 homozygous *28/*28 genotype should be carefully monitored [40]. In the basket
study, UGT1A1 genotype was available for 81.4% of the patients, and 9.3% were found to be homozygous for the
28* allele. An overview of ongoing studies in solid tumors is presented in Table 2.

On the basis of the results of the subsequent TROPHY-U-01 (NCT03547973) [41] single-arm, phase II,
multicenter trial, in April 2021, the FDA granted accelerated approval to SG for patients with locally advanced
or metastatic urothelial cancer who previously received a platinum-containing chemotherapy and either a PD-1 or
PD-L1 inhibitor [42]. The phase 3 confirmatory trial TROPiCs-04 (NCT04527991) is ongoing.

Phase III trials in metastatic breast cancer
Triple-negative breast cancer
The ASCENT study was a phase III confirmatory, multicenter, randomized trial in patients with mTNBC who
received at least 2 previous lines of chemotherapy for unresectable, locally advanced or mBC [11]. Patients with
disease recurrence within 12 months of completing (neo)adjuvant chemotherapy were included after only 1 regimen
in the metastatic setting [43]. Patients were randomized 1:1 to receive either SG at a dose of 10 mg/kg of body
weight or treatment of physician’s choice (TPC, capecitabine, gemcitabine, vinorelbine, eribulin) as defined before
randomization. Treatment was given until disease progression or unacceptable toxicities. Patients were stratified
according to the number of prior lines (2 vs 3 or >3). Patients with stable brain metastasis were eligible, but not
analyzed for the primary endpoint, which was centrally assessed PFS in patients without baseline brain metastases.
Secondary endpoints included OS, investigator assessed PFS, objective response and safety. A total of 529 patients
participated in the trial, and 61 had baseline brain metastases. Median age was 54 years. All patients had received
previous taxanes. The trial was halted early in March 2020 due to compelling evidence of efficacy. The objective
response for the group treated with SG was 35% (4% complete response, 31% partial response) vs 5% for
patients treated with TPC (p < 0.0001). The centrally assessed median PFS for patients treated with SG was 5.6
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(95% CI: 4.3–6.3) compared to 1.7 (95% CI: 1.5–2.6) months in TPC arm (hazard ratio 0.41, 95% CI: 0.32–
0.52; p < 0.001). Investigator-assessed PFS was consistent with central assessment. The median OS was 12.1 (95%
CI: 10.7–14.0) months in SG arm compared to 6.7 (95% CI: 5.8–7.7) months in TPC arm (hazard ratio 0.48,
95% CI: 0.38–0.59; p < 0.001). The benefit of SG over chemotherapy was observed in all predefined subgroups,
including patients ≥65 years [44], patients previously treated with PD1/PD-L1 inhibitors, or with liver metastases.
In patients ≥65 years improvement in median PFS with SG vs TPC was comparable with that of the overall
population (7.1 vs 2.4 months; hazard ratio 0.22, 95% CI: 0.12–0.40) as was OS (15.3 vs 8.2 months; hazard ratio
0.37, 95% CI: 0.22–0.64), with increased ORR (50% vs 0) [44]. In the exploratory analysis conducted in patients
with known brain metastases at baseline (n = 61), SG showed a numerically better tumor response compared TPC
(clinical benefit rate 9% vs 3%), with more patients having a stable disease with SG (47% vs 31%). Median PFS
was in favor of SG (2.8 vs 1.6, hazard ratio 0.65, 95% CI: 0.35–1.22), with better PFS rate at 3 and 9 months.
Median OS was not improved by the use of SG (6.8 vs 7.5 months, hazard ratio 0.87, 95% CI: 0.47–1.63). Data
should be taken with caution, due to the small number of patients with brain metastases enrolled [45]. Efficacy of
SG was further analyzed in patients who recurred ≤12 months after (neo)adjuvant chemotherapy and received 1
line of therapy in the metastatic setting, prior to study enrollment (SG n = 33, TPC n = 32). Also in the subset
of patients with early relapse, SG improved PFS (5.7 vs 1.5 months; hazard ratio 0.41, 95% CI: 0.22–0.76) and
OS (10.9 vs 4.9 months; hazard ratio 0.51, 95% CI: 0.28–0.91) compared to TPC, with increased ORR (30%
vs 3%) [43]. These data support the use of SG as second-line treatment option in patients with mTNBC. In the
TPC arm of the ASCENT trial, 54% of the patients received eribulin, 20% vinorelbine, 13% capecitabine and
12% gemcitabine. When efficacy of SG was evaluated against each agent individually, SG maintained its benefit
compared to all of the included chemotherapies. ORR of SG was 35% vs 5% with eribulin, 4% with vinorelbine,
6% with capecitabine, and 3% with gemcitabine respectively. Median PFS of SG was 5.6 compared to 2.1, 1.6,
1.6, and 2.7 months. Median OS was 12.1 months vs 6.9, 5.9, 5.2, and 8.4 months [46]. Based on the results of the
ASCENT trial, in April 2021 the FDA granted regular approval to SG (Trodelvy, Immunomedics Inc.) for patients
with unresectable locally advanced or mTNBC who have received two or more prior systemic therapies, at least
one of them for metastatic disease. The recommended SG dose is 10 mg/kg once weekly on d1,8 q3w cycles until
disease progression or unacceptable toxicity [47]. Finally, SG was also approved by the EMA in November 2021 for
the same indication. General instructions for SG administration are provided in Table 3.

The biomarker analyses assessing the value of Trop-2 expression and germline BRCA1/2 mutation on SG
treatment were recently published [17]. The clinical benefit of SG was observed irrespective of Trop-2 expression.
However, higher efficacy of SG was seen in patients with medium/high H-score compared to a low H-Score.
Patients with high, medium and low H-scores had a median PFS of 6.9 months (95% CI: 5.8–7.4 months),
5.6 months (95% CI: 2.9–8.2 months), and 2.7 months (95% CI: 1.4–5.8 months), respectively. Median OS was
14.2 months (95% CI: 11.3–17.5 months), 14.9 months (95% CI: 6.9 months-not evaluable), and 9.3 months
(95% CI: 7.5–17.8 months), respectively. The ORR with SG according to the H-scores was 44%, 38%, and 22%,
respectively. Data should be taken with caution due to the small number of patients in the low H-score group
(n = 59). As SN-38 leads to DNA double-strand breaks it was assumed that patients with BRCA1/2 mutations might
be more sensitive to SG. However, SG demonstrated similar efficacy regardless of germline BRCA1/2 mutation.
In BRCA1/2 mutated patients, the median PFS was 4.6 vs 2.5 months in SG treated vs TPC treated patients,
respectively; median OS was 15.6 vs 4.4 months. In BRCA1/2 wild-type patients, the median PFS was 4.9 and
1.6 months respectively; median OS was 10.9 vs 7 months. In BRCA1/2-mutant patients, ORR was 19% vs 6%
in SG-treated vs TPC-treated patients. In BRCA1/2 wild-type patients, the ORR was 33% vs 6% in SG-treated
vs TPC-treated patients, respectively. The number of patients with germline BRCA1/2 mutations is too small to
derive conclusions. The tumor of patients included in the ASCENT trial had to be triple-negative on their latest
tumor biopsy and therefore the trial also included a number of patients that had HR-positive tumors at their initial
diagnosis but whose tumors had lost HR expression during their evolution. This subset of patients has also been
investigated separately, demonstrating results absolutely comparable to the overall population (PFS hazard ratio
0.48; OS hazard ratio 4.44) [49]. Ongoing studies with SG in solid tumors are presented in Table 2.

HR-positive breast cancer
The TROPiCS-02 trial is a phase III, open-label, randomized, multicenter trial of SG vs treatment of physi-
cian’s choice in patients with HR+/HER2- mBC who have received at least two but not more than four prior
lines of chemotherapy [39]. Patients must be aged ≥18 years, have histologically confirmed HR+/HER2- mBC,
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Table 3. General instructions for sacituzumab govitecan administration.
Patients’ information

� Inform patients about the most common side effects (i.e. infusion-related reactions, neutropenia, nausea, vomiting, diarrhea,
alopecia) and on the possible interventions

� Ask for concomitant medications: inhibitors or inducers of UGT1A1 are expected to increase or decrease SN-38 exposure,
respectively, and should be used with caution.

Dosage

� 10 mg/kg body weight administered as an intravenous infusion once weekly on day 1 and day 8 of 21-day treatment cycles.

Investigations

Administer SG only if:

� Day 1: ANC ≥1500/mm3

� Day 8: ANC ≥1000/mm3

No testing of Trop-2 or UGT1A1 status is required.

Premedication

Infusion-related reactions:

� Antipyretics and H1 and H2 blockers should be administered before each SG infusion

� Corticosteroids may be administered prior to subsequent infusions if the subject had experienced an infusion-related reaction with a
previous infusion.

Antiemetic prophylaxis:

� Patients should be premedicated prior to each infusion with a standard two-drug regimen (5-HT3 antagonist and dexamethasone)

� A 3-drug regimen including a NK-1 antagonists may be considered in patients with persistent nausea and vomiting

� Anticipatory nausea can be treated with olanzapine.

Diarrhea and cholinergic syndrome:

� Routine prophylaxis for diarrhea is not recommended

� In case of acute diarrhea or early cholinergic syndrome patients should be treated with atropine. Prophylaxis with atropine should
be used for future infusions

� At the onset of delayed diarrhea, infections should be ruled out. In case of negative results, loperamide should be start.

Infusion

� First infusion: administer over a period of 3 h

� Subsequent infusions: administer over a period of 1 to 2 h if prior infusions were well tolerated.

Adverse reactions

� Observe patients during each infusion and for at least 30 min after each infusion for signs or symptoms of infusion-related reactions

� Treat all toxicities with the maximum supportive measures to avoid complications (follow the latest available version of SG SmPC for
adverse reactions management)

� Dose should not be re-escalated after a dose reduction for adverse reactions

� In case of overdose, patients should be closely monitored for signs or symptoms of adverse reactions, in particular severe
neutropenia, and appropriate treatment instituted

� Patients with known reduced UGT1A1 activity should be closely monitored for adverse reactions. When unknown, no testing of
UGT1A1 status is required as the management of adverse reactions including the recommended dose modifications will be the same
for all patients.

ANC: Absolute neutrophil count; SG: Sacituzumab govitecan; SmPC: Summary of Product Characteristics.
Reference: [48].

relapsed/refractory to two to four prior systemic chemotherapy regimens for mBC, including at least one prior
anticancer hormonal treatment and at least one CDK4/6 inhibitor in any setting. Overall, 543 patients were
randomized 1:1 to receive SG or treatment of physician’s choice (eribulin, capecitabine, gemcitabine or vinorel-
bine). The co-primary endpoints of the study are PFS and ORR. Secondary/exploratory endpoints include OS,
duration of response, safety, quality of life as well as blood and tumor biomarkers. Results on the primary endpoints
were recently presented [50]. The median age of the patients enrolled was 56 years. Overall, patients received a
median of three prior chemotherapy regimens for mBC, 86% prior endocrine therapy in the metastatic setting for
≥6 months, 60% and 38% received prior CDK4/6 inhibitors for ≤12 and >12 months, respectively, 95% had
visceral metastases. SG significantly improved the median PFS compared to treatment of physician’s choice (5.5
vs 4 months, hazard ratio 0.66, 95% CI: 0.53–0.83; p = 0.0003) in this very heavily pretreated population. The
observed benefit was consistent in all the subgroups including patient with visceral metastases, aged ≥65 years and
receiving more than 3 prior regimens for mBC. ORR was higher with SG (21% vs 14%) and median duration
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of response was 7.4 vs 5.6 months, respectively. A trend in improvement for OS was observed with SG (13.9 vs
12.3 months, hazard ratio, 0.84; p = 0.143), but further follow-up is needed as the data is not yet mature [50]. A
similar trial is ongoing in an Asian population only (NCT04639986, Table 2).

Compliance & toxicity
In line with the known safety profile of SG, the most common treatment-related adverse events (TRAEs) of any
grade with SG compared to TPC in the ASCENT trial were neutropenia (63% vs 43%), diarrhea (59% vs 12%),
nausea (57% vs 26%), alopecia (46% vs 16%), fatigue (45% vs 30%), and anemia (34% vs 24%). The most
frequent TRAEs grade ≥3 were neutropenia (51% vs 33%), leukopenia (10% vs 5%), diarrhea (10% vs <1%),
anemia (8% vs 5%), and febrile neutropenia (6% vs 2%). Neuropathy grade ≥2 did not occur in the SG arm
and was low in the TPC arm (1%). Only one patient developed grade 3 pneumonitis, whereas no grade 1 or 2
interstitial lung disease was reported in the SG arm. No cases of pneumonitis were reported in the TPC arm. Febrile
neutropenia was reported for 6% of patients in the SG arm and in 2% in the TPC arm. No severe cardiovascular
toxicities occurred. Serious AEs were reported for 25% of patients with SG vs 8% with TPC [11]. Median time to
onset of neutropenia grade ≥3 was 21 days in the SG arm, 14 days in the TPC arm with a median duration of
6 days. Myeloid growth factor was used in neutropenia management as secondary prophylaxis and as treatment
in 29% and 30% of patients, respectively, in the SG arm and 10% and 17% in the TPC arm. Median time to
onset of diarrhea grade ≥3 was 19 days vs 27 days, with a median duration of 5 days vs 1 day. Premedication
or concomitant medication was used in diarrhea management in 55% and 10% of patients in the SG and TPC
arms, respectively [51]. Median relative total dose intensity with SG was 99.7%. Dose reductions (22% vs 26%) and
treatment discontinuations (5% in both groups; due to AEs 4.7% vs 5.4%, none due to neutropenia or diarrhea)
were similar in both arms, and did not have any impact on SG efficacy [51]. In both arms three fatal events occurred
due to AEs. None of those were considered to be related to SG [11].

Polymorphisms in the gene encoding UGT1A1 are associated with SN-38 glucuronidation. Patients harboring
UGT1A1 polymorphisms might be at higher risk of hematologic toxicity. In the ASCENT trial, 97% of patients
in the SG arm had genotype data at baseline. Of those, 45% were wild-type (UGT1A1 genotype *1/*1) with
normal enzymatic activity, 38% were heterozygous (*1/*28) with reduced activity and 14% were homozygous
(*28/*28), with severely reduced activity. Patients with UGT1A1 homozygous *28/*28 genotype were at higher
risk for neutropenia, febrile neutropenia and diarrhea. Also, treatment discontinuations occurred more frequently.
However, the prevalence of a homozygous *28/*28 genotype was relatively low. Therefore, the recommendations
for treatment and toxicity management are not changed [51]. More data with this respect are expected from the
ongoing trials. In patients ≥65 years, SG retained a manageable safety profile, which was comparable with the
overall population. Key grade ≥3 TRAEs in patients aged ≥65 years with SG compared to TPC were neutropenia
(45% vs 40%), anemia (14% vs 6%), leukopenia (10% vs 4%), diarrhea (10% vs 0%) and febrile neutropenia
(8% vs 0%). The use of granulocyte-colony stimulating factor was 53% in the SG vs 29% in the TPC arm and
of antidiarrheal medication was 65% vs 13%. Treatment discontinuations due to TRAEs were low, without any
treatment-related deaths. Dose reductions were more frequent in older patients, but equally distributed among
both arms [44]. The safety profile in patients with brain metastases was similar as in the overall population [45].
Trop-2 expression did not affect toxicity, and SG demonstrates a manageable safety profile consistent with that of
the ASCENT overall study population [52]. No new safety signals emerged from the TROPiCS-02 trial [50]. Early
toxicity management is essential to maintain an optimal exposure to SG and guidelines should be followed [53].

SASCIA: phase III trial in early breast cancer
Patients with TNBC without a pathological complete response (pCR) have a 5-year event-free survival rate of
about 50% [54–56]. The association between pCR and prognosis is less pronounced in HR-positive/HER2-negative
patients. However, the CPS+EG scoring system for prognosis after NACT, taking into account clinical stage (C),
post treatment pathological stage (PS), estrogen receptor status (E) and grade (G), leads to an improved estimate of
prognosis, allowing to select patients at high risk of relapse for post-neoadjuvant therapy [57]. Patients with TNBC
without a pCR [54–56] after NACT as well as HR-positive/HER2-negative patients with a CPS+EG score ≥3 or 2
with metastatic lymph nodes after NACT have a high risk of recurrence. In high-risk patients, post-neoadjuvant
therapy can significantly improve survival [58–61]. Based on the high activity of SG in heavily pretreated patients with
mTNBC and HR-positive/HER2-negative breast cancer [11,62], even after prior immune-checkpoint inhibitors or
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Study design Biomaterial collection
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Study treatment:Stratification factors:

Sample size determination:

Key inclusion criteria

• Patients with residual invasive disease after NACT at high risk of recurrence defined by 
  either:

• An interval of less than 16 weeks since the date of final surgery or less than 10 weeks 
   from completing radiotherapy (whichever occurs last) and the date of randomization is 
  required. 

• Immune checkpoint inhibitor/immunotherapy during NACT is allowed.
• Radiotherapy should be delivered before the start of study treatment.

• Germline BRCA1/2 mutated or wildtype/unknown.

• Patients must have received taxane-based NACT for 16 weeks:

– HR-negative: any residual invasive disease > �pT1mi

• Patients with stage IV cancer. 

• Patients with a history of any malignancy are ineligible. Exceptions:

   – Patient has been disease-free for at least 5 years and is at low risk for recurrence.

   – CIS of the cervix, basal cell and squamous cell carcinomas of the skin.

• Severe and relevant co-morbidity that would interact with the application of cytotoxic 

  agents or the participation in the study, including Gilbert’s disease, Crigler–Najjar-

  Syndrome, known hepatitis B or C, known HIV positivity or known autoimmune disease 

  (other than diabetes, vitiligo, or stable thyroid disease).

• Any condition that interferes with the safe administration of therapy in TPC arm. 

• Receipt of live attenuated vaccines within 30 days prior to study entry or within 30 days 

  of receiving chemotherapy.

• Known or suspected congestive heart failure (>NYHA I) and/or coronary heart disease.

• History of idiopathic pulmonary fibrosis, organizing pneumonia, drug-induced 

  pneumonitis, idiopathic pneumonitis or active pneumonitis on chest CT scan.

• Known allergic reactions to irinotecan.

– HR-positive: CPS + EG score ≥ 3 or CPS+EG score 2 and ypN+ using local ER and 
   grade assessed on core biopsies taken before NACT.

– This period must include 6 weeks of a taxane-containing  NACT

– For patients with progressive disease that occurred after at least 6 weeks of taxane-
   containing NACT, a total treatment period of less than 16 weeks is also eligible.

Key exclusion criteria

• HR-positive vs HR-negative Sacituzumab govitecan 10 mg/kg body weight on days 1, 8 q3w

Treatment of physician’s choice:

Capecitabine 2000 mg/m2 day 1–14 q21 day cycle for eight
cycles

5-years iDFS improvement 60.0% to
68.2% with sacituzumab govitecan

•

•

•

Hazard ratio = 0.75, β = 80%, α = 0.05

One interim analysis for overwhelming
efficacy at 2/3 of total 385 events.

Carboplatin AUC 5 q3w or AUC 1.5 weekly for eight 3 weekly
cycles

Observation

Endocrine-based therapy will be administered according to local
guidelines.

•

•

•

•

• γpN+ vs γpN-
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Prior to

rando

Prior to start of therapy

(pre-treatment)

Day 1 cycle 3

pre-dose
Day 1 cycle 6

pre-dose At EOT
Recurrence

(at 1st relapse)

×

××

××

×

×

×

×

×
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×

×
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*FFPE from pre-neoadjuvant core biopsy (breast) and FFPE post-neoadjuvant surgically removed tissue from breast 

for central pathology) or post-neoadjuvant surgically removed tissue from involved lymph node if no residual tumor 

from breast is available,  in case of bilateral BC blocks from both sides are obligatory. 

Whole

blood

Treatment phase
Follow-up
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HER2-negative

At least 16 weeks
of T-based NACT
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• TNBC
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  or 2 and �pN+
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Figure 2. SASCIA study overview.
AUC: Area under the curve; CPS-EG: Clinical stage and post-treatment pathologic stage-estrogen receptor (ER) and grade (G); CT:
Computed tomography; d: Day; FFPE: Formalin-fixed, paraffin-embedded; iDFS: Invasive disease-free survival; NACT: Neoadjuvant
chemotherapy; q3w: Every 3 weeks; NYHA: New York Heart Association Functional Classification; TNBC: Triple-negative breast cancer;
TPC: Treatment of physician´s choice.

CDK4/6 and mTOR inhibitors, SG might be an ideal therapy against the resistant residual disease after standard
NACT regardless of HR status.

The phase III, prospective, multi-center, randomized, open-label, parallel group, SASCIA trial evaluates the use
of SG in primary HER2-negative breast cancer patients at high risk of relapse after standard neoadjuvant treatment
(Figure 2) [63]. Patients are defined as being of high risk of recurrence if diagnosed with TNBC and having residual
disease (>ypTmi) after NACT or as HR-positive with CPS+EG score ≥3 or >2 with metastatic lymph nodes after
NACT. SASCIA will randomize 1200 patients with centrally confirmed HER2-negative (Immunohistochemistry
score 0-1 or FISH negative according to ASCO/CAP guideline), HR-positive (≥1% positive stained cells) or HR-
negative breast cancer assessed preferably on tumor tissue from post-neoadjuvant residual invasive disease. Patients
are allocated 1:1 to receive either SG or TPC (capecitabine or platinum-based chemotherapy) for 8 cycles, including
observation. In patients with HR-positive breast cancer, endocrine-based therapy is administered according to local
guidelines. The addition of a CDK4/6 inhibitor to endocrine therapy is allowed. The primary endpoint of the
trial is invasive disease-free survival. Secondary endpoints include overall survival (key secondary objective), distant
disease-free survival, safety, compliance, patient-reported outcome and quality of life. The trial comprises a wide
translational research program, including the assessment of predictive markers for SG treatment and the analysis of
circulated tumor DNA dynamics as early predictors of response (Figure 2). At the safety interim analysis including
88 randomized patients [64], SG showed a higher rate of AEs compared to TPC, which were in line with the known
safety profile of SG. All patients had AEs G1-4 in SG arm vs 86.0% in TPC arm, and 66.7% vs 20.9% G3-4.
The observed difference in G3-4 AEs was almost exclusively due to hematologic toxicities (55.6% vs 0%), whereas
the rate of non-hematologic AEs was similar between the treatment arms (33.3% vs 28.15). Dose reductions
occurred at identical rates in both treatment arms (SG: 26.7% vs TPC: 28.1%). Overall, 13.6% patients under SG
discontinued therapy prematurely; 66.7% had ≥1 dose delay, due to hematological (46.7%) and non-hematological
AEs (6.7%). Treatment discontinuations occurred in 9.4% in the TPC arm.
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It should be considered that TPC includes patients who were only observed and received no further treatment.
Moreover, AEs due to SG therapy were well manageable using the recommended supportive measures. Therefore,
the study continues as planned. No other trial examines the administration of SG in the post-neoadjuvant setting.
Currently, only one further trial with SG is ongoing in the early setting, the phase II NeoSTAR umbrella trial
(Table 2) [65]. Patients with early TNBC were randomized to receive SG for 4 cycles followed by definitive surgery.
Additional neoadjuvant therapy was foreseen if residual disease was confirmed at pre-surgical biopsy. Recently,
preliminary results on the NeoSTAR trial were presented. Overall, 50 patients were randomized. The pathologic
complete response rate with SG monotherapy was 30%, with a radiological response rate of 42%.

Conclusion & future directions
SG showed high activity in heavily pretreated patients and was efficacious in a population of patients with early
relapse who may be resistant to chemotherapy. SG showed a favorable safety profile, also in older patients. The most
common adverse events related with SG were neutropenia and diarrhea, which might be controlled with the early
onset of appropriate supportive treatment. A careful monitoring and toxicity management according to guidelines is
essential to guarantee an adequate treatment exposure. Ongoing studies will highlight the efficacy and safety of SG
in other solid tumors and different settings. As resistance might occur due altered expression of the target antigen,
the processing of the internalized ADC or against the toxic payload itself, additional ADCs should be explored. A
further anti-Trop2 ADC, datopotamab deruxtecan (Dato-DXd) has shown promising results. Dato-DXd consist of
an a humanized anti-TROP2 IgG1 monoclonal antibody, linked to a topoisomerase I inhibitor payload (exatecan
derivative) via a tetrapeptide-based cleavable linker. The safety profile differs from that of SG, with low frequency
of hematologic toxicity and diarrhea and with nausea and stomatitis being the most common AEs [66]. Interestingly,
preliminary data on Dato-DXd suggests efficacy also in patients pretreated with SG, proving that a sequential
treatment with ADCs having the same target or a similar payload might be effective. This might be due to the
differences in the antibody itself or to the payload, being deruxtecan much more potent compared to govitecan
or additionally to the payload concentration. In the absence of comparative data, the choice of ADCs should be
guided by the toxicity profile, activity and patients preference. Further effort should be made in the selection of
patients who can derived the most benefit by the treatment with the developed ADCs. The assessment of the
target on a mRNA level instead of on a protein level by immunohistochemistry is an explored option. Moreover,
combination therapy leading to enhance activity and improved outcome needs to be explored in the future.
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Executive summary

Sacituzumab govitecan
• Sacituzumab govitecan (SG) is an antibody–drug conjugate composed of the humanized monoclonal antibody

hRS7 and SN-38 (active metabolite of irinotecan) as the toxic payload.
• SN-38 cannot be administered as free drug due to its high toxicity. SN-38 is bound to the monoclonal antibody via

the hydrolyzable linker CL2A, which ensures that an active concentration of SN-38 is maintained in the tumor
tissue.

• The target of SG is Trop-2, expressed in many epithelial tumors, especially, triple-negative breast cancer (TNBC).
• Trop-2 overexpression is associated with poor overall survival (OS). SG can kill tumor cells with/without Trop-2

expression due to a bystander effect.
Dose selection
• The maximum tolerated dose of SG was 12 mg/kg, with neutropenia being the dose-limiting toxicity.
• The 8 and 10 mg/kg doses permitted the administration of more cycles with minimal toxicity and had a similar

safety profile.
• The dose of 10 mg/kg was chosen for further investigation providing better overall response and clinical benefit

rate.
Phase I/II basket trial in metastatic solid tumors
• SG demonstrated high activity in heavily pretreated patients with TNBC and hormone receptor

(HR)-positive/HER2-negative breast cancer and a favorable safety profile.
Phase III studies in metastatic breast cancer
• The ASCENT trial led to the approval of SG (10 mg/kg on d1,8 q3w) in patients with advanced TNBC who have

received ≥2 prior systemic therapies, ≥1 for metastatic disease.
• TROPiCS-02 evaluates SG vs treatment of physician’s choice in patients with HR+/HER2- metastatic breast cancer

who received ≥2 prior lines of chemotherapy.
Toxicity
• The most common treatment-related adverse events of any grade with SG were neutropenia, diarrhea, nausea,

alopecia, fatigue and anemia.
• Patients with UGT1A1 homozygous *28/*28 genotype were at higher risk for neutropenia, febrile

neutropenia and diarrhea. Recommendations for treatment dosing in patients with UGT1A1 mutation are not
changed.

• Early toxicity management is essential to maintain an optimal exposure to SG.
The SASCIA trial: phase III study in early breast cancer
• SASCIA is a phase III, multi-center, randomized, open-label study evaluating SG vs treatment of physician’s choice

in primary HER2-negative breast cancer patients at high risk of relapse after standard neoadjuvant treatment.
• The primary endpoint is invasive disease-free survival, with OS being the key secondary endpoint.
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34. Kalinsky K, Diamond JR, Vahdat LT et al. Sacituzumab govitecan in previously treated hormone receptor-positive /HER2-negative
metastatic breast cancer: final results from a phase I/II, single-arm, basket trial. Ann. Oncol. 31(12), 1709–1718 (2020).

35. Heist RS, Guarino MJ, Masters G et al. Therapy of advanced non-small cell lung cancer with an SN-38-anti-Trop-2 drug conjugate,
sacituzumab govitecan. J. Clin. Oncol. 35, 2790–2797 (2017).

36. Gray JE, Heist RS, Starodub AN et al. Therapy of small cell lung cancer (SCLC) with a topoisomerase-I-inhibiting antibody-drug
conjugate (ADC) targeting Trop-2, sacituzumab govitecan. Clin. Cancer Res. 23, 5711–5719 (2017).

37. Tagawa ST, Faltas BM, Lam ET et al. Sacituzumab govitecan (IMMU-132) in patients with previously treated metastatic urothelial
cancer (mUC): results from a phase I/II study. J. Clin. Oncol. 37, 354 (2019).

38. Kazmi SM, Chatterjee D, Alexis K et al. Real-world 1-year survival analysis of patients with metastatic breast cancer with liver or lung
metastasis treated with eribulin, gemcitabine or capecitabine. Ann. Oncol. 30, v133 (2019).

39. Rugo HS, Bardia A, Tolaney SM et al. TROPiCS-02: a phase III study investigating sacituzumab govitecan in the treatment of
HR+/HER2- metastatic breast cancer. Future Oncol. 16(12), 705–715 (2020).

40. Sacituzumab govitecan – FDA Access on September 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2020/761115s000lbl.pdf

41. Tagawa ST, Balar AV, Petrylak DP et al. TROPHY-U-01: a phase II open-label study of sacituzumab govitecan in patients with
metastatic urothelial carcinoma progressing after platinum-based chemotherapy and checkpoint inhibitors. J. Clin. Oncol. 39(22),
2474–2485 (2021).

42. U.S. Food & Drug Administration, FDA grants accelerated approval to sacituzumab govitecan for advanced urothelial cancer; www.fda.
gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sacituzumab-govitecan-advanced-urothelial-cancer

43. Carey LA, Loirat D, Punie K et al. Assessment of sacituzumab govitecan (SG) in patients with prior neoadjuvant/adjuvant chemotherapy
in the phase 3 ASCENT study in metastatic triple-negative breast cancer (mTNBC). J. Clin. Oncol. 39(15), 1080 (2021).

44. Kalinsky K, Oliveira M, Traina MT et al. Outcomes in patients (pts) aged ≥65 years in the phase 3 ASCENT study of sacituzumab
govitecan (SG) in metastatic triple-negative breast cancer (mTNBC). J. Clin. Oncol. 39(15), 1011–1011 (2021).
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Efficacy and safety of neoadjuvant therapy for HR-positive/HER2-negative early 
breast cancer: a Bayesian network meta-analysis
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ABSTRACT
Background: Neoadjuvant treatment for hormone receptor-positive/human epidermal growth factor 
receptor 2-negative (HR+/HER2-) breast cancer is controversial and requires a comprehensive analysis 
for optimal therapy assessment. Therefore, a two-step Bayesian network meta-analysis (NMA) was 
performed to compare the efficacy and safety of different neoadjuvant regimens.
Research design and methods: Phase II/III randomized clinical trials comparing various neoadjuvant 
therapies for HR+/HER2- breast cancer were included. NMA and pairwise meta-analyses were conducted 
using Stata (version 14), R (version 4.2.3), and Review Manager 5.4.
Results: Twenty-eight studies (5,625 patients) were eligible. NMA of objective response rate (ORR) 
indicated the highest SUCRA for chemotherapy (CT) and chemotherapy with anthracycline (CT(A)). 
Pathologic complete response (PCR) NMA demonstrated significant PCR improvement with chemother
apy regimens containing programmed cell death protein-1 and programmed cell death ligand-1 
inhibitors (PD-1i/PD-L1i) and poly ADP-ribose polymerase inhibitors (PARPi). Combined analysis con
sidering both the ORR and safety highlighted CT(A)’s efficacy and toxicity balance.
Conclusions: CT(A) and CT showed improved ORR compared with alternative regimens. CT(A) com
bined with PD-1/PD-L1 or PARP inhibitors significantly increased PCR rates. Comprehensive assessment 
of both ORR and safety indicated that CT(A) represents an optimal neoadjuvant therapy for HR+/HER2- 
breast cancer, whereas AI + CDK4/6 inhibitors rank solely behind chemotherapy.
Registration: PROSPERO Registration: CRD42024538948. International Platform of Registered Systematic 
Review and Meta-Analysis Protocols (INPLASY) registration number INPLASY202440092.
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1. Introduction

Breast cancer (BC) is the most common cancer globally, 
accounting for approximately 11% of all new cancer cases, 
and is the leading cause of cancer-related deaths among 
women [1]. The hormone receptor-positive/human epider
mal growth factor receptor 2-negative (HR+/HER2-) subtype 
is predominant, comprising approximately 65% of cases in 
women aged <50 years and 75% in those aged >50 years 
[2]. Recognized as a systemic disease, BC treatment increas
ingly incorporates neoadjuvant therapies. This approach 
aims to render inoperable tumors operable, favor breast 
preservation over mastectomy, and establish a basis for 
further treatment to enhance prognosis [3–6]. However, 
the efficacy of neoadjuvant therapy in HR+/HER2- BC is 
subject to debate because of its relatively low benefit com
pared to other breast cancer types [7,8]. The introduction of 
new agents, including CDK4/6 inhibitors (CDK4/6i), PARP 
inhibitors (PARPi), and PD-1/PD-L1 inhibitors (PD-1i/PD-L1i) 
has the potential to improve treatment outcomes in this 
patient group.

Several clinical trials have shown positive results highlight
ing the potential benefits of innovative therapeutic strategies. 
For example, the incorporation of pembrolizumab (PD-1i), 
olaparib (PARPi), or durvalumab (PD-L1i) into neoadjuvant 
chemotherapy (NAC) has been found to significantly enhance 
pathological complete response (PCR) rates in patients with 
HR+/HER2- BC [9–11]. The TBCRC 002 trial demonstrated that 
adding bevacizumab (VEGFi) to both neoadjuvant endocrine 
therapy (NET) and NAC improved the objective response rate 
(ORR) and PCR rates but also increased treatment toxicity [12]. 
CDK4/6 Inhibitors combined with endocrine therapy (ET) sig
nificantly improve survival prognosis in patients with 
advanced or metastatic HR+/HER2- BC [13]; however, their 
effectiveness in neoadjuvant treatment settings is still being 
explored [14,15]. Additionally, a meta-analysis published in 
2016 showed that NET had similar clinical remission and 
breast-conserving surgery (BCS) rates to NAC in patients with 
HR+ breast cancer and that NET was significantly less toxic 
[16]. With more drugs and therapies emerging, the clinical 
value of neoadjuvant therapy for HR+ BC is evolving. 
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Specifically, employing neoadjuvant therapy to shrink tumors, 
boost surgery and BCS rates, or achieve higher PCR rates with 
more effective drug combinations is noteworthy. 
Consequently, in the current treatment context, the quest for 
and advancement of potent neoadjuvant treatment 
approaches are becoming increasingly important.

Network meta-analyses (NMA) enable the integration of 
direct and indirect comparisons between a broad range of 
treatment options, thereby providing a comprehensive eva
luation of their relative efficacy. This approach offers indis
pensable insights into clinical decision-making. Previous 
NMAs focusing on neoadjuvant therapy for HR+ BC, 
although valuable, were mainly confined to endocrine ther
apy regimens and did not include chemotherapy, targeted 
therapy, or immunotherapy. Furthermore, these analyses 
primarily assessed ORR and safety without including PCR 
in their outcomes. The lack of differentiation based on 
HER2 expression status in patients with HR+ BC, coupled 
with the inclusion of only a limited set of clinical trials that 
did not encompass the most recent studies, may have 
limited their ability to provide a comprehensive evidence 
base for current clinical practice [17,18].

To address these limitations and provide an up-to-date 
evidence synthesis, we conducted a systematic assessment 
of the efficacy (assessing both ORR and PCR) and safety of 
various neoadjuvant regimens for HR-positive, HER2-negative, 
and early-stage breast cancer. This expanded approach not 
only overcomes the shortcomings identified in previous stu
dies but also broadens the analysis to provide a nuanced and 
contemporary guide for clinical decision-making, reflecting the 
latest developments in treatment options and methodologies.

2. Patients and methods

The protocol has been registered on the international data
base of prospectively registered systematic reviews 
(PROSPERO CRD42024538948). Our study was also registered 
on the International Platform of Registered Systematic Review 
and Meta-Analysis Protocols (INPLASY) under the registration 
number INPLASY202440092. More information about the 
review can be found at the following link: https://inplasy. 
com/. The protocol for this network meta-analysis has not 
been previously published in peer- reviewed journals.

2.1. Search strategy

This NMA followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 2020 statement 
(PRISMA 2020). We conducted a comprehensive systematic 
search of databases, such as PubMed, Embase, and the 
Cochrane Central Register of Clinical Trials. Additionally, we 
extensively searched for online articles from the American 
Society of Clinical Oncology, European Society for Medical 
Oncology, and San Antonio Breast Cancer Symposium. Our 
search strategy utilized predefined keywords: (neoadjuvant 
OR preoperative) AND (treatment OR therapy OR chemother
apy OR endocrine therapy OR target therapy) AND (breast OR 
mammary) AND (cancer OR carcinoma OR malignant OR neo
plasm OR tumor) AND (hormone receptor-positive OR HR- 

positive OR HR+ OR estrogen receptor-positive OR ER+ OR ER- 
positive OR progesterone receptor-positive OR PR-positive OR 
PR+ OR Luminal) AND (HER-2- OR HER2- OR ERBB2- OR HER-2 
negative OR HER2 negative OR ERBB2 negative OR human 
epidermal growth factor receptor 2 negative). The search 
included English-language studies without date restrictions, 
and we thoroughly checked the cited references in eligible 
studies for relevant articles.

2.2. Selection criteria

The prespecified inclusion criteria were as follows: (i) Phase II 
or III randomized clinical trials (RCTs) that focused on neoad
juvant therapy for HR+/HER2- BC; (ii) trials comparing two or 
more treatment arms; and (iii) availability of relevant outcome 
measures, such as ORR, PCR, grade 3–5 side effects data, and 
dropout events. The exclusion criteria were as follows: (i) case 
reports, case series, systemic reviews, retrospective studies, or 
non-randomized studies, and (ii) duplicate publications or 
redundant data from the same clinical trial. The selection 
process involved screening titles and abstracts for relevance, 
followed by a detailed evaluation of the full-text articles to 
ensure eligibility. Any disagreements or discrepancies in the 
study selection were resolved through discussion and consen
sus among the reviewers.

2.3. Data extraction

Two authors independently extracted and recorded data from 
eligible trials using a predefined procedure. The extracted 
items included the first author, publication year, trial name, 
country of origin, sample size of analyzed participants, tumor 
stage, menopause status, neoadjuvant therapy regimens, and 
treatment duration. Primary (ORR and PCR) and secondary 
(dropout rates due to adverse events) endpoints were also 
recorded.

2.4. Definition of outcomes

ORR was defined as the sum of partial and complete responses 
according to the Modified Response Evaluation Criteria in 
Solid Tumors (version 1.1) by MRI, US, or physical examination. 
PCR was defined as the absence of invasive residual cancer in 
the breast tissue and lymph nodes (ypT0/is ypN0) according to 
the American Joint Committee on Cancer (AJCC) Cancer 
Staging Manual, 8th edition. Dropout events were defined as 
the cause of patient withdrawal from the trial due to adverse 
events. The side effects considered in this study included 
anemia, neutropenia, thrombocytopenia, vomiting/nausea, 
diarrhea, stomatitis, mucositis, skin and subcutaneous tissue 
disorders, sensory neuropathy, hepatic toxicity, and fatigue. 
Side effects were graded according to the National Cancer 
Institute Common Terminology Criteria (NCI-CTC) version 4.0.

2.5. Study design

For ORR analysis, the treatments were classified into 13 
experimental arms according to the prescribed drugs. 
Similarly, for the PCR analysis, the treatments were 
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categorized into 15 experimental arms. The 13 experimental 
arms for ORR were subsequently grouped into four strategy 
groups. In the NMA subgroup targeting the postmenopausal 
population, the treatment regimens were segregated into 11 
experimental arms for the ORR analyses. For the PCR analy
sis, the regimens were organized into seven distinct experi
mental arms. Unfortunately, the number of clinical studies 
concentrating on premenopausal populations is too limited 
to allow for a comprehensive NMA. In the integrated evalua
tion of effectiveness and safety, treatment arms for which 
dropout rate data were missing were excluded from the 
analysis. The details of all arms are summarized in 
Supplemental File 1.

2.6. Statistical methods

In the analysis of direct and indirect comparisons, effect sizes 
were pooled using odds ratios (OR) and 95% confidence inter
vals (95% CI) because the outcomes were dichotomous vari
ables. Direct evidence was integrated through a pairwise 
meta-analysis using Review Manager software (version 5.4). 
Heterogeneity was assessed using the Mantel-Haenszel chi- 
square test and I2 test. We defined an I2 above 50% as indicat
ing a large between-study heterogeneity. The results of the 
direct comparison were calculated using either a fixed or 
random-effects model based on the value of I2. For the 
Bayesian network meta-analysis, Markov chain Monte Carlo 
(MCMC) methods were employed using Stata (version 14) 
and R (version 4.2.3). Three Markov chains were run simulta
neously for 50,000 iterations, with different initial values. Given 
the heterogeneity observed across the different clinical trials, 
a random-effects model was used to estimate each outcome. 
The ranking of the different treatments was determined using 
the network rank and surface under the cumulative ranking 
(SUCRA), where higher SUCRA values indicated higher ORR/ 
PCR rates. The combined analysis of efficacy and safety was 
ranked by summing 50% of the SUCRA values for both efficacy 
(ORR) and safety (dropout rate) for each group.

We assessed the risk of bias in the included RCTs using 
the Cochrane Risk of Bias (ROB) 2.0 tool [19], which was 
used to examine the following five dimensions: (1) rando
mization process, (2) bias of the intended intervention, (3) 
missing outcome data, (4) measurement of the outcome, 
and (5) selection of reported outcomes. Disagreements 
between authors were resolved through discussion. 
Publication bias was evaluated by analyzing the symmetry 
of the funnel plot features, which was generated using 
STATA. The symmetrical and focused arrangement of points 
within the funnel plots suggested the absence of significant 
bias. Asymmetry in the funnel plots prompted further eva
luation using Egger’s test.

2.7. Ethical approval

No ethical approval was required as data in this study is from 
previously published studies in which informed consent was 
obtained by primary investigators.

3. Results

3.1. Overview of literature search and study 
characteristics

The NMA included 28 eligible articles with a total of 5,625 patients. 
Among these, 18 articles focused on ORR [12,14,15,20–34], 
whereas 20 articles examined PCR [9–12,14,15,21–27,35–41]. 
Study selection followed the PRISMA flowchart shown in 
Figure 1 The PRISMA checklist is presented in Supplemental File 
2. Six articles provided data from subgroup analyses of HR+/HER2- 
breast cancer. One article met the eligibility criteria for the present 
NMA based on abstracts published by ASCO. All eligible studies 
were RCTs conducted between January 2005 and June 2023. 
These trials included the JBCRG-09, IMPACT, and SWOG S0800 
studies, which are three-arm RCTs, and the NEO-ORB and 
PALLET studies, which are four-arm RCTs. The remaining studies 
were two-arm RCTs. The comprehensive details of the included 
studies are provided in Supplemental File 3. Figure 2 depicts the 
NMA plot of ORR, dropout rates, and PCR in the experimental arms 
as well as the NMA plot of ORR in the different strategy groups.

3.2. Bias assessment

The overall risk of bias across all included trials was low (the chart of 
bias assessment is shown in Supplemental File 4). Of the 28 trials, 
19 explicitly described the randomization methodology, while the 
rest of the studies mentioned randomization but did not explicitly 
describe the random assignment process. Most of the trials (15 of 
28) employed an open-label design. Six studies employed blinding 
techniques for both the participants and personnel. Four of the 28 
trials did not analyze the results of intention-to-treat populations, 
potentially leading to minimal attrition bias. All the included stu
dies provided complete outcome data. None of these experiments 
indicated a high risk of detection or reporting biases. The funnel 
plots indicated no publication bias (Supplemental File 5).

3.3. ORR of experimental arms and different strategy 
groups

Two direct comparisons were conducted among the eligible 
studies. The CT(A) group was directly compared with the control 
group in six studies. A random-effects model was used because 
of the high heterogeneity observed (p = 0.01, I2 = 66%). CT(A) 
demonstrated a significantly higher ORR than the control groups 
(OR: 1.80, 95% CI: 1.02–3.18, p = 0.04; Figure 3a). Two studies 
directly compared CT(A) with ET, and a fixed-effects model was 
used because of moderate heterogeneity (p = 0.17, I2 = 47%). 
CT(A) exhibited a superior ORR compared to ET (OR: 3.29, 95% 
CI: 1.94–5.58, p < 0.00001; Figure 3b).

In the network meta-analysis, CT and CT(A) demonstrated the 
highest ORR, with posterior probabilities of 78.2% and 77.3%, 
respectively (Figure 4a), indicating their potential as effective 
treatment options. The AI + VEGF inhibitor group closely fol
lowed with a posterior probability of 64.6%. Conversely, the AI  
± GnRHa and SERM ± GnRha exhibited the worst outcomes. 
Compared to ET alone, ET combined with targeted therapies, 
including CDK4/6, VEGF, EGFR, and PI3K inhibitors, showed 
higher ORR rankings. CT(A) was significantly better than AI ±  
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GnRha and SERM ± GnRha (OR: 2.15, p < 0.05; OR: 3.99, p < 0.05, 
respectively; Table 1).

SUCRA results for the four strategy groups are shown in 
Figure 4c. Chemotherapy alone emerged as the top-ranked 
strategy by a considerable margin. Chemotherapy alone was 
significantly superior to ET alone (OR, 2.60; p < 0.05; Figure 6). 
Additionally, the addition of targeted therapy to ET signifi
cantly enhanced ORR (OR: 1.39, p < 0.05; Figure 6).

3.4. PCR of experimental arms

In the pairwise meta-analysis, CT(A) combined with immune 
checkpoint inhibitors (ICIs) demonstrated significantly higher PCR 
rates compared to CT(A) alone (OR: 2.33, 95% CI: 1.31–4.15, p =  
0.004), with low heterogeneity (p = 0.96, I2 = 0%; Figure 3c). This 

finding is consistent with the results observed for CT(A) + PD-1/PD- 
L1 inhibitors in the indirect comparison. CT(A) combined with 
PARP inhibitors-containing therapy showed significantly higher 
PCR rates compared to CT(A) alone (OR: 2.59, 95% CI: 1.29–5.21, 
p = 0.007), with low heterogeneity (p = 0.51, I2 = 0%; Figure 3d).

Based on the PCR-SUCRA analysis (Figure 4b), combining 
CT(A) with PARPi or PD-1i/PD-L1i showed potential benefits in 
the neoadjuvant treatment of HR+/HER2- breast cancer 
[SUCRA value of CT(A)+PARPi: 88.1; SUCRA value of CT(A) 
+PD-1i: 81.0; SUCRA value of CT(A)+PARPi+PD-L1i: 80.2]. The 
inclusion of PD-1i/PD-L1i or PARPi in chemotherapy regimens 
significantly improves the PCR rate compared to CT(A) alone 
[SUCRA value of CT(A): 50.6; CT(A)+PARPi versus CT(A), OR: 
4.44, 95% CI: 0.69–28.57; CT(A)+PD-1i versus CT(A), OR: 2.37, 
95% CI: 0.86–6.50; Table 2].

Figure 1. Flowchart illustrating the study selection process for inclusion in the network meta-analysis.
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3.5. NMA of postmenopausal subgroup

In the postmenopausal subgroup analysis, the SUCRA value 
indicated that CT(A) had the highest ORR, with a 70% posterior 
probability, suggesting it to be the most effective treatment 
option. Similarly, for PCR outcomes, SUCRA analysis identified 
CT(A) and AI+CT as leading strategies, with CT(A) achieving 
a SUCRA value of 77.7 and AI+CT closely following at 77.1, 
highlighting their superior efficacy. Detailed information and 
graphs pertaining to the subgroup analysis are available in 
Supplemental File 7.

3.6. Safety

Owing to the constraints in conducting individual NMA for 
each side effect, we employed dropout rates as a surrogate 
outcome indicator, which was expected to reflect the safety 
of various regimens. The analysis was performed using 11 
ORR experimental arms (Figure 4d). AI + CDK 4/6i did not 
result in a higher discontinuation rate than AI alone. It should 
be noted that the clinical value of certain drugs, such as 
VEGFi and PI3Ki, has diminished owing to a substantial rate 
of treatment discontinuation. To provide a more comprehen
sive evaluation, we integrated ORR with dropout rates to 
objectively assess the clinical value of each experimental 
arm (Figure 5). CT(A) showed an excellent balance between 
efficacy and adverse events. AI+CDK4/6i also showed high 
clinical value in reducing toxicity and improving curative 
effects. Unfortunately, the included trials did not provide 
information on the dropout rates for Selective estrogen 
receptor downregulator (SERD)+CDK4/6i, CT(A)+PARPi, or 
PD-1i/PD-L1i in HR+/HER2- BC. This limitation restricts our 
ability to conduct a more comprehensive assessment of the 
safety profiles of these treatments.

The most frequently observed toxicities are shown in 
Supplementary File 6. Overall, the incidence of toxicity was 
lower with ET than chemotherapy. In comparison with AI 
±GnRha, AI+CDK4/6i was associated with a higher occurrence 
of neutropenia (40.45%). Both EGFRi and VEGFi exhibit a high 
incidence of adverse events such as diarrhea, skin and sub
cutaneous tissue disorders, hepatic toxicity, and fatigue. 

Specifically, EGFR inhibitors result in diarrhea in over 13% of 
patients and skin and subcutaneous tissue disorders in more 
than 11% of patients. Comparable incidence rates of grade 3– 
5 hematological adverse events were observed on CT and 
CT(A), particularly neutropenia (55.38%) and febrile neutrope
nia (15.25%). Stomatitis, mucositis (3.72%), sensory neuropathy 
(3.70%), and fatigue (2.85%) were more prevalent on CT(A) 
than on CT.

4. Discussion

This increased choice of agents in the neoadjuvant setting has 
prompted us to define the optimal neoadjuvant therapy for 
HR+/HER2- breast cancer. Therefore, we employed a network 
meta-analysis to combine direct and indirect evidence based 
on available clinical data and to verify the effectiveness (ORR 
and PCR) and acceptability (dropout rate) of each treatment. 
Although HR+/HER2- BC is less responsive to neoadjuvant 
therapy than other breast cancer subtypes and PCR is difficult 
to obtain, it can still benefit from this approach, particularly in 
terms of improving objective tumor remission and breast 
conservation rates [42,43]. Therefore, for patients with BC 
seeking symptom alleviation, improved quality of life, and 
opportunities for breast-conserving surgery, the ORR may be 
a more suitable indicator of treatment effectiveness.

In our study, a comprehensive analysis of both ORR and 
safety demonstrated that CT(A) achieved the best balance 
between efficacy and toxicity. Neoadjuvant chemotherapy 
remains the cornerstone of breast cancer treatment owing to 
its effectiveness in downstaging tumors, increasing BCS rates, 
and providing valuable insights into postoperative strategies 
[6,44]. Consistent with our findings, a recent meta-analysis 
demonstrated that anthracycline- and taxane-based che
motherapy regimens remain the preferred approach for 
neoadjuvant treatment of early-stage operable BC, offering 
greater benefits than de-anthracycline-based chemotherapy 
regimens [45]. Therefore, for patients diagnosed with HR 
+/HER2- BC requiring tumor downstaging to facilitate breast- 
conserving surgery, neoadjuvant chemotherapy should be 
routinely recommended according to the NCCN guidelines. 
Despite the well-established benefits of neoadjuvant 

Figure 2. Network diagrams depicting ORR and PCR rate among eligible experimental arms and ORR in eligible strategy groups.
Notes: a ORR in eligible experimental arms; b PCR in eligible experimental arms; c ORR in strategy groups. 

Experimental arms: CT = Chemotherapy without Anthracyclines, CT(A) = Chemotherapy containing Anthracyclines, AI±GnRha = Aromatase inhibitor plus Gonadotropin-releasing hormone 
agonist or not, AI+CDK4/6i = AI plus Cyclin dependent kinase 4/6 inhibitor, AI+EGFRi = AI plus Epidermal growth factor receptor inhibitor, AI+PI3Ki = AI plus Phosphoinositide 3-kinase 
inhibitor, AI+VEGFi = AI plus vascular endothelial growth factor inhibitor, AI+SERM = AI plus selective estrogen receptor modulator, SERD = Selective estrogen receptor downregulator, 
SERM±GnRha = SERM plus GnRha or not, CT(A)+H90i = CT(A) plus the Heat Shock Protein 90 inhibitor, CT(A)+PARPi = CT(A) plus poly ADP-ribose polymerase inhibitor, CT(A)+PD-1i = CT(A) 
plus Programmed Death Receptor 1 inhibitor, CT(A)+PD-L1i+PARPi = CT(A) plus programmed cell death-Ligand 1 and PARPi. 

Strategy groups: CT = Chemotherapy alone; ET = Endocrine therapy alone; ET+TT = Endocrine therapy plus targeted therapy. ET+TT = Endocrine therapy plus chemotherapy. 
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chemotherapy, treatment-related toxicity and drug resistance 
are issues that must be addressed. Further research is needed 
to address these obstacles and optimize neoadjuvant breast 
cancer treatment.

Another clinical scenario involves testing the efficacy of 
neoadjuvant endocrine therapy, thus aiming for a treatment 
paradigm that avoids chemotherapy. In our study, CDK4/6 
inhibitors + AI ranked only after chemotherapy in the com
bined assessment of ORR and safety. This underscores the 
significant potential of AI+CDK4/6 inhibitors in the neoadju
vant treatment of HR+/HER2- breast cancer. Extensive prior 
research has demonstrated that CDK4/6 inhibitors can inhibit 
the hyperphosphorylation of retinoblastoma proteins, leading 
to G1 cell cycle arrest and subsequent suppression of cellular 
proliferation [46,47]. Consequently, CDK4/6 inhibitors have 
shown significant efficacy in treating advanced or metastatic 
HR+/HER2- BC by delaying the emergence of endocrine 

resistance and halting tumor progression [13,48–50]. 
Moreover, several meta-analyses have consistently reported 
that CDK4/6 inhibitors + ET significantly improved the rate of 
complete cell cycle arrest (CCCA) compared with ET alone, 
which may have favorable prognostic implications [51–54]. 
Furthermore, CDK4/6 inhibitors plus AI have the potential to 
induce tumor shrinkage with slightly better BCS rates than 
NAC [54]. In terms of both breast cancer-specific survival and 
recurrence-free survival, CDK4/6 inhibitors + AI were found to 
be at least equally effective as NAC [22]. Combining CDK4/6 
inhibitors with ET was found to increase the incidence of 
adverse events, especially neutropenia and elevated alanine 
aminotransferase (ALT) levels, compared with ET alone 
[14,15,55]. However, compared to standard chemotherapy, 
CDK4/6 inhibitors + ET exhibited a better safety profile. 
Therefore, CDK4/6 inhibitors + AI may serve as a less toxic 
substitute for chemotherapy in individuals afflicted with high- 

Figure 3. Paired meta-analyses on ORR and PCR rate.
(a) CT(A) versus Control Groups; (b) CT(A) versus ET; (c) CT(A) + immune checkpoint inhibitor-containing therapy versus CT(A); (d) CT(A) + PARPi-containing therapy versus CT(A). 

604 R. CHEN ET AL.



risk HR+/HER2- BC seeking tumor reduction. The ongoing 
ADAPT cycle trial is evaluating the efficacy of CDK4/6 inhibi
tors in combination with ET versus CDK4/6 inhibitors in com
bination with chemotherapy in high-risk Luminal BC. The 
results of this trial may offer sufficient evidence to consider 
avoiding chemotherapy as neoadjuvant therapy.

Our investigation indicated that NET alone, encompassing 
the AI, SERD, and SERM treatments, generally demonstrated 
lower ORR and PCR rates, positioning it less favorably in the 
efficacy rankings. Despite this, its significantly better safety 
profile compared to other treatments underscores the value 
of NET, particularly when considering patient well-being and 
treatment tolerance. Notably, two NMA studies of neoadjuvant 
therapy for HR+ breast cancer demonstrated that NET yielded 
a response rate similar to that of neoadjuvant chemotherapy, 
but with less toxicity [17,18]. The WSG ADAPT-HR+/HER2- 
endocrine trial demonstrated that after receiving four weeks 
of NET, patients with c/pN0–1 and a low-risk genetic profile 
(RS 0–11), as well as patients with a similar lymph node 
burden but an intermediate-risk genetic profile (RS 12–25) 
and endocrine sensitivity (Ki-67 < 10% after NET), could 
achieve significant efficacy from ET alone [56]. The long-term 
invasive disease-free survival with this approach was compar
able to that with chemotherapy. However, the applicability of 
NET in patients with larger tumors or extensive lymph node 
involvement remains to be definitively established, suggesting 
the need for future research to adopt a more nuanced patient 

stratification approach. This would enable the identification of 
those who could derive the greatest benefits from NET. In 
conclusion, NET offers a safer and adaptable alternative treat
ment for specific patient groups, especially those who are 
unable or unwilling to undergo intense chemotherapy due 
to the risk of side effects. Extending the NET treatment period 
could be an effective strategy for optimizing outcomes and 
maintaining the quality of life.

For breast cancer patients aiming for complete tumor era
dication, reduced recurrence risk, and enhanced prognosis, 
PCR has greater significance. However, achieving PCR in HR 
+/HER2- BC is notably challenging. Hence, more treatment 
strategies must be considered to enhance PCR rates in HR 
+/HER2- BC patients.

Our study ranked CT(A) + PD-1i and CT(A) + PARPi + PD-L1i 
as the two top-performing treatments using NMA with PCR 
rates as the primary endpoint. This result suggests that in the 
pursuit of maximizing efficacy, the addition of ICIs or PARPi to 
neoadjuvant treatment regimens may present greater oppor
tunities. Farkona et al. recently revealed that adding ICIs to 
chemotherapy can enhance endogenous anticancer immunity 
by increasing the release of tumor-specific antigens induced 
by chemotherapy [57]. Evidence from the TONIC trial suggests 
that combining anthracycline-based chemotherapy with ICIs 
yields the most robust response among evaluated che
motherapy regimens [58,59]. Furthermore, chemoimmu
notherapy has demonstrated remarkable efficacy as 

Figure 4. Efficacy (ORR and PCR) and safety (dropout rates) ranking for experimental arms and strategy groups.
(a) ORR ranking for experimental arms; (b) PCR rates experimental arms; (c) Dropout rates ranking for strategy groups; (d) ORR ranking for strategy groups. 

Notes: The larger the SUCRA, the higher the ranking. SUCRA: surface under the cumulative ranking curve. 

EXPERT REVIEW OF ANTICANCER THERAPY 605



Ta
bl

e 
1.

 In
di

re
ct

 c
om

pa
ris

on
 o

f 
O

RR
 a

m
on

g 
ex

pe
rim

en
ta

l a
rm

s 
an

d 
in

di
re

ct
 c

om
pa

ris
on

 o
f 

O
RR

 a
m

on
g 

st
ra

te
gy

 g
ro

up
s.

N
ot

es
: T

he
 r

es
ul

ts
 a

re
 p

re
se

nt
ed

 a
s 

th
e 

od
ds

 r
at

io
 (O

R)
 a

nd
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s 
(C

Is
) f

or
 O

RR
 a

m
on

g 
th

e 
ex

pe
rim

en
ta

l a
rm

s 
(lo

w
er

 le
ft

 q
ua

rt
er

) a
nd

 a
s 

th
e 

O
R 

an
d 

95
%

 C
Is

 fo
r 

O
RR

 a
m

on
g 

th
e 

st
ra

te
gy

 g
ro

up
s 

(u
pp

er
 r

ig
ht

 
qu

ar
te

r)
. 

O
Rs

 >
 1

 f
av

or
 t

he
 c

ol
um

n-
de

fin
in

g 
tr

ea
tm

en
t 

(i.
e.

 T
he

 O
Rs

 o
f 

CT
 c

om
pa

re
d 

w
ith

 C
T(

A)
 w

er
e 

1.
15

, 
w

hi
ch

 f
av

or
 C

T 
tr

ea
tm

en
t)

. 
Li

gh
t 

bl
ue

 b
ox

es
 r

ep
re

se
nt

 t
he

 t
re

at
m

en
t 

re
gi

m
en

s.
 O

ra
ng

e 
bo

xe
s 

m
ea

n 
O

Rs
 a

re
 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t 

O
Rs

. 

606 R. CHEN ET AL.



Ta
bl

e 
2.

 In
di

re
ct

 c
om

pa
ris

on
 o

f 
PC

R 
ra

te
 a

m
on

g 
ex

pe
rim

en
ta

l a
rm

s.

C
T

(A
)+

PA
R

Pi

1.
87

 
(0

.2
3,

15
.5

7)
C

T
(A

)+
PD

-1
i

1.
93

 
(0

.2
4,

15
.3

9)
1.

03
 

(0
.2

6,
4.

03
)

C
T

(A
)+

PD
-

L
1i

+P
A

R
Pi

3.
34

 
(0

.5
0 ,

22
.4

6 )
1.

78
 

(0
.6

0 ,
5.

29
)

1.
73

 
(0

.6
3 ,

4.
71

)
C

T
(A

)+
V

E
G

Fi
 

2.
88

 
(0

.0
4,

20
0.

31
)

1.
53

 
(0

.0
3,

79
.3

0)
1.

49
 

(0
.0

3,
75

.1
6)

0.
86

 
(0

.0
2,

39
.8

9)
A

I+
V

E
G

Fi

3.
55

 
(0

.4
1,

30
.8

4)
1.

89
 

(0
.4

3,
8.

42
)

1.
84

 
(0

.4
4,

7.
68

)
1.

06
 

(0
.3

3,
3.

44
)

1.
23

 
(0

.0
2,

65
.3

3)
C

T
(A

)+
A

I±
G

n
R

ha

4.
20

 
(0

.4
7,

37
.5

7)
2.

24
 

(0
.4

8,
10

.4
0)

2.
17

 
(0

.5
0,

9.
51

)
1.

26
 

(0
.3

7,
4.

29
)

1.
46

 
(0

.0
3,

78
.5

4)
1.

18
 

(0
.2

4,
5.

83
)

C
T

(A
)+

H
90

i

4.
44

 
(0

.6
9,

28
.5

7)
2.

37
 

(0
.8

6,
6.

50
)

2.
30

 
(0

.9
2,

5.
75

)
1.

33
 

(0
.8

8,
2.

00
)

1.
54

 
(0

.0
3,

70
.0

1)
1.

25
 

(0
.4

2,
3.

75
)

1.
06

 
(0

.3
3,

3.
37

)
C

T
(A

)

5.
05

 
(0

.5
9,

42
.9

3)
2.

69
 

(0
.6

3,
11

.6
1)

2.
61

 
(0

.6
5,

10
.5

8)
1.

51
 

(0
.4

9,
4.

70
)

1.
76

 
(0

.0
3,

91
.8

4)
1.

42
 

(0
.3

1,
6.

47
)

1.
20

 
(0

.2
5,

5.
77

)
1.

14
 

(0
.4

0,
3.

27
)

C
T

16
.8

2 
(0

.1
1,

24
72

.6
2)

8.
97

 
(0

.0
8,

10
26

.2
6)

8.
70

 
(0

.0
8,

97
6.

42
)

5.
04

 
(0

.0
5,

52
5.

95
)

5.
85

 
(0

.0
4,

83
9.

54
)

4.
74

 
(0

.0
4,

55
2.

24
)

4.
01

 
(0

.0
3,

47
4.

08
)

3.
79

 
(0

.0
4,

38
8.

37
)

3.
33

 
(0

.0
3,

38
4.

62
)

A
I+

E
G

FR
i

9.
79

 
(0

.8
9,

10
7.

91
)

5.
22

 
(0

.8
5,

32
.2

6)
5.

06
 

(0
.8

6,
29

.7
6)

2.
93

 
(0

.6
1,

14
.0

8)
3.

40
 

(0
.0

8,
15

1.
77

)
2.

76
 

(0
.4

2,
17

.8
8)

2.
33

 
(0

.3
5,

15
.7

1)
2.

20
 

(0
.4

8,
10

.0
3)

1.
94

 
(0

.3
1,

12
.2

7)
0.

58
 

(0
.0

1,
58

.9
2)

A
I+

C
D

K
4/

6i

13
.3

1 
(0

.4
8,

36
6.

99
)

7.
10

 
(0

.3
8,

13
2.

37
)

6.
89

 
(0

.3
8,

12
4.

47
)

3.
99

 
(0

.2
5,

63
.9

7)
4.

63
 

(0
.1

7,
12

3.
13

)
3.

75
 

(0
.1

9,
72

.2
0)

3.
17

 
(0

.1
6,

62
.4

3)
3.

00
 

(0
.1

9,
46

.6
7)

2.
64

 
(0

.1
4,

49
.9

9)
0.

79
 

(0
.0

1,
52

.9
3)

1.
36

 
(0

.0
9,

20
.7

2)
A

I+
PI

3K
i

13
.0

1 
(0

.6
6,

25
8.

30
)

6.
94

 
(0

.5
4,

88
.6

0)
6.

73
 

(0
.5

5,
82

.9
2)

3.
90

 
(0

.3
6,

41
.8

2)
4.

52
 

(0
.0

5,
39

6.
55

)
3.

66
 

(0
.2

8,
48

.5
1)

3.
10

 
(0

.2
3,

42
.1

2)
2.

93
 

(0
.2

8,
30

.3
4)

2.
58

 
(0

.2
0,

33
.5

1)
0.

77
 

(0
.0

0,
13

8.
49

)
1.

33
 

(0
.0

8,
21

.5
6)

0.
98

 
(0

.0
3,

36
.0

0)
SE

R
M

+G
nR

ha

19
.1

4 
(0

.9
3,

39
2.

26
)

10
.2

1 
(0

.7
7,

13
5.

33
)

9.
90

 
(0

.7
7,

12
6.

72
)

5.
73

 
(0

.5
1,

64
.0

5)
6.

65
 

(0
.3

4,
13

1.
11

)
5.

39
 

(0
.3

9,
74

.0
0)

4.
56

 
(0

.3
2,

64
.2

7)
4.

31
 

(0
.4

0,
46

.5
0)

3.
79

 
(0

.2
8,

51
.1

3)
1.

14
 

(0
.0

2,
60

.4
7)

1.
96

 
(0

.1
9,

20
.5

7)
1.

44
 

(0
.3

6,
5.

66
)

1.
47

 
(0

.0
5,

41
.3

3)
A

I±
G

nR
ha

48
.8

2 
(2

.8
7,

82
9.

21
)

26
.0

5 
(2

.4
6,

27
6.

30
)

25
.2

6 
(2

.4
7,

25
7.

87
)

14
.6

2 
(1

.6
6,

12
8.

50
)

16
.9

7 
(0

.2
1,

13
42

.7
5)

13
.7

5 
(1

.2
5,

15
1.

70
)

11
.6

3 
(1

.0
3,

13
1.

97
)

10
.9

9 
(1

.3
0,

92
.9

4)
9.

67
 

(0
.8

9,
10

4.
65

)
2.

90
 

(0
.0

2,
47

5.
76

)
4.

99
 

(0
.3

6,
68

.4
0)

3.
67

 
(0

.1
1,

11
8.

81
)

3.
75

 
(0

.1
6,

89
.0

0)
2.

55
 

(0
.1

0,
62

.3
7)

C
T

(A
)+

PI
3K

i

C
ro

ss
-c

om
pa

ris
on

 o
dd

s 
ra

tio
s 

(O
R

s)
 a

nd
 th

ei
r r

es
pe

ct
iv

e 
95

%
 C

Is
 

fo
r P

C
R

 a
m

on
g 

di
ff

er
en

t e
xp

er
im

en
ta

l a
rm

s

N
ot

es
: T

he
 re

su
lts

 a
re

 p
re

se
nt

ed
 a

s 
O

R 
an

d 
95

%
 C

Is
 fo

r t
he

 P
CR

 ra
te

 (l
ow

er
 le

ft
 q

ua
rt

er
) a

nd
 a

s 
O

R 
an

d 
95

%
 C

Is
 fo

r t
he

 O
RR

 (u
pp

er
 ri

gh
t 

qu
ar

te
r)

. F
or

 P
CR

 ra
te

, O
Rs

 >
 1

 fa
vo

r t
he

 c
ol

um
n-

de
fin

in
g 

tr
ea

tm
en

t 
(i.

e.
 T

he
 O

Rs
 o

f C
T(

A)
 

co
m

pa
re

d 
w

ith
 C

T 
w

er
e 

1.
13

, w
hi

ch
 f

av
or

 C
T(

A)
 t

re
at

m
en

t)
. L

ig
ht

 b
lu

e 
bo

xe
s 

re
pr

es
en

t 
th

e 
tr

ea
tm

en
t 

re
gi

m
en

s.
 O

ra
ng

e 
bo

xe
s 

m
ea

n 
O

Rs
 a

re
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t 
O

Rs
. 

EXPERT REVIEW OF ANTICANCER THERAPY 607



a neoadjuvant therapy for early-stage triple-negative BC, 
resulting in a significant increase in PCR rates [60–62]. In the 
context of HR+HER2- BC, the I-SPY2 adaptive trial demon
strated that the addition of pembrolizumab to sequential 
taxane, anthracycline, and cyclophosphamide therapy more 
than doubled the PCR rates compared to NAC alone (30% vs 
13%). Data from this trial also revealed that the inclusion of 
durvalumab and olaparib alongside paclitaxel significantly 
enhanced PCR rates in high-risk HR+/HER2- BC (64% vs 
22%). The incorporation of ICIs into chemotherapy did not 
impede the administration of chemotherapy, and the 
observed adverse events were consistent with the well- 
established safety profiles of individual components [9,11]. 
Additionally, CT(A) plus PARP inhibitors achieved the highest 
ranking in the PCR SUCRA analysis, with a value of 88.1. In the 
GeparOLA study involving 29 HR-positive patients, paclitaxel  
+ olaparib achieved a PCR rate of 52.6% compared to 20.0% 
with paclitaxel + carboplatin [10]. We also observed 
a significant improvement in PCR rates with CT(A) + PARPi +  
PD-L1i therapy. This raises questions regarding the relation
ship between PARP and PD-L1 inhibitors. Preclinical research 
suggests that impaired nucleotide and base excision repair 
resulting from PARP inhibitors can increase mutational and 
neoantigenic loads, potentially enhancing sensitivity to ICIs 
[63,64]. However, data from clinical trials on the synergistic 
effects of PARP inhibitors and ICIs are inconclusive [65]. 
Although the use of ICIs and PARPi has significantly enhanced 
PCR rates, evidence regarding their influence on patient prog
nosis remains sparse. Therefore, the crucial question of 
whether these advancements have resulted in improved sur
vival outcomes requires further in-depth research.

Emerging therapies such as CDK4/6 inhibitors, PARP inhibi
tors, and ICIs show promise for neoadjuvant HR+/HER2- BC 
treatment but remain in the early research phases. Currently, 
three selective CDK4/6 inhibitors, palbociclib, ribociclib, and 
abemaciclib, have received FDA approval for treating patients 

with HR+ metastatic breast cancer (MBC). However, its use in 
neoadjuvant therapy remains under investigation. Similarly, the 
PARP inhibitors olaparib and talazoparib have been approved 
for hereditary or suspected hereditary, germline BRCA-mutated, 
HER2-negative MBC, but not yet for neoadjuvant applications. 
As for immunotherapy, no ICIs have been FDA-approved for HR 
+/HER2- breast cancer treatment to date [66]. Consequently, 
the current primary recommendation for neoadjuvant therapy 
in patients with HR+/HER2- BC in clinical practice is chemother
apy, with NET serving as an alternative for those who cannot 
tolerate chemotherapy. However, a recent study identified four 
distinct molecular subtypes of HR+/HER2- BC: canonical luminal, 
immunogenic, proliferative, and receptor tyrosine kinase (RTK)- 
driven [67]. These subtypes have unique biological and clinical 
characteristics, highlighting the need for tailored therapeutic 
approaches. Neoadjuvant therapeutic trials targeting each sub
type are a significant avenue for future research.

It should be noted that NMA has certain limitations. First, the 
scarcity of patient-specific treatment data in existing clinical trials 
for HR+ HER2- BC neoadjuvant therapy complicates the execu
tion of detailed subgroup meta-analyses. This limitation hinders 
the identification of patient groups that would benefit the most 
from neoadjuvant treatment. Second, the limited detailed infor
mation on grade 3–4 adverse events owing to insufficient data in 
some studies and variations in recorded adverse event types 
across different studies might have introduced bias into our 
pooled analysis, potentially leading to deviations from the actual 
outcomes. Furthermore, data on dropout rates owing to adverse 
effects are challenging to obtain for certain treatment strategies, 
which complicates the assessment of their safety profiles. Finally, 
owing to the scarcity of data regarding the long-term survival of 
patients with HR+/HER2- BC receiving different treatments, our 
study opted for ORR and PCR rates as the principal indicators of 
treatment efficacy. Future research is needed to clarify the con
nection between these indicators and survival outcomes as well 
as to conduct prognosis-based network meta-analyses.

Figure 5. Experimental arms ordered by their overall probability as the best treatment in terms of both ORR and dropout rates.
Notes: Cumulative percentages after normalization to a range of 0–100, are indicated in the key. Each regimen received a score of 50 points for ORR and 50 points for safety based on the 
SUCRA data (with a total maximum score of 100). 
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5. Conclusions

Neoadjuvant chemotherapy, with or without anthracycline, 
showed an improved ORR compared with alternative regimens. 
CT(A) in combination with PD-1/PD-L1 inhibitors or PARP inhibi
tors significantly increased PCR rates. A comprehensive assess
ment of both ORR and safety indicated that CT(A) represents an 
optimal neoadjuvant therapy for HR+/HER2- breast cancer, 
whereas AI + CDK4/6 inhibitors rank solely behind chemotherapy.
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Current usage of pembrolizumab in triple negative breast cancer (TNBC)
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aDepartment of Medical Oncology, St Vincent’s Hospital, Fitzroy, Victoria, Australia; bDepartment of Medical Oncology, Peter MacCallum Cancer 
Centre, Melbourne, Victoria, Australia

ABSTRACT
Introduction: The use of immune checkpoint inhibitors (ICI) targeting the PD-1/PD-L1 pathway has 
changed the landscape in the treatment of triple negative breast cancer (TNBC). The ICI pembrolizumab 
in combination with chemotherapy now forms a standard of care for the treatment of advanced PD-L1 
positive TNBC and as part of neoadjuvant therapy for high-risk early-stage disease. Evidence in this space is 
rapidly advancing.
Areas covered: This review aims to highlight the evolving role of immunotherapy in TNBC manage
ment and to discuss current challenges. The studies in this review were searched from PubMed and 
ClinicalTrials.gov.
Expert opinion: The KEYNOTE-522 trial demonstrated that the addition of peri-operative pembrolizu
mab to neoadjuvant chemotherapy improves patient outcomes in early-stage TNBC. However, critical 
questions remain including how to select which patients truly gain benefit from the addition of 
pembrolizumab; the optimal duration of therapy, and the optimal adjuvant therapy depending on 
pathologic response.
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1. Introduction

Triple negative breast cancer (TNBC) is a highly aggressive histo
logical subtype characterized by the absence of estrogen recep
tor (ER), progesterone receptor (PR), and human epidermal 
growth factor receptor 2 (HER2). This lack of receptors and con
sequent lack of endocrine and targeted therapeutic options has 
made the treatment of TNBC challenging, with chemotherapy 
historically the only available treatment [1]. Despite conventional 
chemotherapy, TNBC is associated with high rates of distant 
metastasis and poor survival. Immune checkpoint inhibitors 
(ICIs) targeting the programmed cell death 1 (PD-1) and its ligand 
(PD-L1) pathway have emerged as a promising therapeutic 
option, demonstrating substantial clinical benefit in both early 
and advanced TNBC. This review aims to highlight the evolving 
role of immunotherapy (IO) in the treatment of TNBC.

1.1. Biologic rationale for immunotherapy in TNBC: the 
immune landscape

While most breast cancers, particularly hormone receptor- 
positive subtypes, are considered immunologically ‘cold,’ TNBC 
is characterized by higher immunogenicity, displaying higher 
enrichment by tumor-infiltrating lymphocytes (TILs) and higher 
levels of PD-L1 expression than other subtypes [2]. Recognition 
of this distinct tumor microenvironment has led to the use of 
immune-checkpoint inhibitors in both early and advanced TNBC.

The anti-PD-1 monoclonal antibody pembrolizumab received 
accelerated FDA approval for the treatment of advanced PD-L1- 
positive TNBC based on the evidence of the phase 1b KEYNOTE- 

012 trial, in which durable responses were seen in a cohort of 
women with heavily pre-treated advanced TNBC [1]. Subsequent 
studies have shown clinical benefits in both early and advanced 
TNBC. The use of ICI is particularly promising because of the 
potential for durable responses due to immunologic memory. 
Combining ICI with chemotherapy appears to have a synergistic 
effect and significantly improves response rates. The underlying 
mechanism for this synergy may be that chemotherapy 
enhances tumor-antigen release and thereby stimulates the anti- 
tumor response of ICIs [3].

2. Role of ICI in advanced TNBC

2.1. First line pembrolizumab in metastatic TNBC

Pembrolizumab plus chemotherapy was established as 
a standard of care for the first-line treatment of patients with 
advanced PD-L1-positive TNBC in the landmark KEYNOTE-355 
trial [4]. Adults enrolled in the study had untreated metastatic 
or locally recurrent inoperable TNBC, where completion of 
prior curative intent (neo)adjuvant systemic therapy was 
more than 6 months before first disease recurrence. Patients 
were randomly assigned to receive pembrolizumab plus che
motherapy (paclitaxel, nab-paclitaxel, or gemcitabine/carbo
platin) or placebo plus chemotherapy. They were stratified 
according to the type of chemotherapy, baseline tumor PD- 
L1 expression (combined positive score (CPS)>1 or CPS < 1), 
and whether or not they had previously received the same 
class of chemotherapy in either the neoadjuvant or adjuvant 
setting. The addition of pembrolizumab to chemotherapy 
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resulted in substantial clinical benefit in the CPS > 10 sub
group, with both improved progression-free survival (PFS, HR 
0.65, 95% CI 0.49–0.86; p = 0.0012) and overall survival (OS) 
(median OS 23.0 months versus 16.1 months, HR for death 
0.73; 95% CI 0.55–0.95; p = 0.0185). At 24 months, 48.2% of 
patients treated with pembrolizumab/chemotherapy were 
alive compared with 34.0% in the placebo/chemotherapy 
group [4].

An exploratory analysis demonstrated a consistent OS ben
efit with the addition of pembrolizumab to chemotherapy in 
patients whose tumors expressed PD-L1 with a CPS of 10–19 
and a CPS of > 20.

However, there was no overall survival benefit in patients with 
a CPS < 1 or 1–9. These data supported the use of PD-L1 as 
a predictive biomarker to guide the use of ICI, and a PD-L1 CPS 
threshold of 10 for the use of pembrolizumab in advanced TNBC.

2.2. Other ICIs in advanced TNBC

Other ICIs have been investigated in advanced TNBC with mixed 
results. IMpassion130 was a phase 3 randomized trial that eval
uated the benefit of adding atezolizumab to nab-paclitaxel in 
untreated patients with metastatic or unresectable locally 
advanced TNBC [5]. The PD-L1 positive patients in the chemoim
munotherapy arm had a meaningful overall survival benefit of 
7.0-months (25.0 m vs 18.0 m, HR 0.71, 95% CI 0.54–0.93). 
Notably, there was no significant OS benefit in the intention to 
treat population, which included all patients regardless of PD-L1 
expression. As in the KEYNOTE-355 study, this supports the use of 
PD-L1 as a predictive biomarker. The confirmatory IMpassion131 
trial evaluated the benefit of adding atezolizumab to paclitaxel in 
patients with untreated advanced TNBC, however it failed to 
show an improvement in PFS or OS [6]. The reasons for the 
inconsistent outcomes between the IMpassion130 and 
IMpassion131 trials are uncertain. One proposed explanation is 
that the immunosuppressive effects of steroid use required for 

premedication with paclitaxel in the IMpassion131 trial may have 
mitigated the effect of atezolizumab. Another potential contri
buting factor was a difference in the populations between the 
trials, where those in the IMpassion131 were of lower risk with 
lower metastatic disease burden. The lack of benefit in the 
IMpassion131 study led the FDA to withdraw approval for ate
zolizumab in the US, but atezolizumab in combination with nab- 
paclitaxel is approved and remains a first-line treatment of 
advanced TNBC in Europe.

2.3. Biomarkers in advanced TNBC

Current data suggest that a pre-existing immune-enriched 
tumor microenvironment (PD-L1 positive) is required to ben
efit from ICI in advanced TNBC [7]. PD-L1 is currently the only 
prospectively validated biomarker for guiding management of 
combination chemoimmunotherapy in the first-line treatment 
of advanced TNBC. However, there are several issues with PD- 
L1 as a biomarker. Firstly, PD-L1 assessment has technical 
limitations due to its heterogeneous and dynamic expression, 
and samples from primary tumors have higher rates of PD-L1 
expression than metastases [8]. Secondly, there are currently 
two methods used to determine PD-L1 status, and they are 
not interchangeable [9].

KEYNOTE-355 defined PD-L1 status by the combined posi
tive score (CPS), which is the number of all PD-L1-staining cells 
(tumor cells, lymphocytes, and macrophages) divided by the 
total number of viable tumor cells, multiplied by 100. A CPS 
cutoff of 10 or greater is used to define PD-L1 positivity [4]. The 
IMpassion trials used the immune cell (IC) area score, defined as 
the tumor area covered by immune cells (lymphocytes, macro
phages, dendritic cells, and granulocytes) that stain positive for 
PD-L1 [5,6,10]. They defined PD-L1 positivity as an IC score of 
1% or greater. These trials also used different immunohisto
chemistry assays to assess PD-L1 expression: the 22C3 assay in 
KEYNOTE-355 and the SP142 assay in the IMpassion trials. 
Regardless of the method used, PD-L1 remains an imperfect 
biomarker as not all PD-L1 positive patients derive a benefit 
from ICI therapy. There is a current unmet need to identify 
those patients who are most likely to respond to ICI and 
optimize the efficacy of ICI to expand its use beyond those 
advanced TNBC tumors that are PD-L1 positive.

2.4. Toxicity in advanced TNBC

Combination chemoimmunotherapy has demonstrated an 
acceptable safety profile in advanced TNBC. As expected, the 
rates of immune-related adverse events (IRAEs) in KEYNOTE-355 
were higher in the pembrolizumab-containing immunotherapy 
but were most often low-grade, manageable, and most com
monly thyroid dysfunction [4]. IRAEs occurred in 26.5% of the 
pembrolizumab-chemotherapy group compared to 6.4% in the 
placebo-chemotherapy group, and these events were grade 3 or 
4 in 5.3% of patients compared to zero patients, respectively. The 
most common IRAEs were hypothyroidism (15% versus 3%) and 
hyperthyroidism (5% and 1%). There are other less common but 
serious IRAEs, including grade > 3 pneumonitis (1%); colitis 
(<1%); and severe skin reactions (2%). There were no deaths 
due to IRAEs [4].

Article highlights

● Pembrolizumab in combination with chemotherapy improves overall 
survival in PD-L1 positive patients with untreated advanced TNBC.

● The addition of peri-operative pembrolizumab to neoadjuvant carbo
platin-containing chemotherapy (anthracycline/cyclophosphamide/ 
paclitaxel/carboplatin) improves rates of pathological complete 
response and 5-year event-free survival (independent of pCR) in 
patients with high-risk early-stage TNBC, regardless of PD-L1 status.

● Other ICIs have been investigated in advanced and early-stage TNBC 
with mixed results.

● Reliable predictive biomarkers are needed to guide patient selection 
for ICI therapy and minimize immune-related and financial toxicity. 
Currently, there are no validated predictive biomarkers for use of 
peri-operative pembrolizumab in early-stage disease.

● The necessity for continuing adjuvant pembrolizumab after neoadju
vant chemoimmunotherapy is currently unknown and under investi
gation: could patients with a pCR safely have adjuvant 
immunotherapy de-escalated?

● Residual invasive disease (non-pCR) after neoadjuvant ICI indicates 
resistance, a poorer prognosis, and the need to escalate adjuvant 
treatment. The optimal adjuvant therapy for these patients is 
unknown but may include chemotherapy, PARP inhibitors, ICIs, and 
antibody-drug conjugates, alone or in combination.
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2.5. Challenges in advanced TNBC

Advanced TNBC remains a devastating diagnosis with high 
mortality. Current strategies being investigated to improve 
outcomes include combining ICIs with antibody drug con
jugates (such as pembrolizumab plus sacituzumab govite
can in the ASCENT04 trial [11]) or PARP inhibitors (avelumab 
plus talazoparib in the JAVELIN PARP Medley trial [12]). With 
the shift toward using IO in the early-stage setting, how 
best to treat patients who develop metastatic TNBC after 
prior treatment with ICI is an area that requires further 
investigation.

3. Role of ICI in early-stage TNBC

3.1. Neoadjuvant therapy in early-stage TNBC

Early-stage TNBC is associated with high rates of early recur
rence and high mortality. Neoadjuvant chemotherapy has 
become the preferred approach to stage II and III TNBC as it 
improves the likelihood of tumor resectability and breast con
serving surgery, and because it allows an assessment of the 
pathological response [13]. This provides important prognostic 
information and helps to tailor subsequent adjuvant therapy.

A pathological complete response (pCR) is defined as no 
invasive residual disease in the breast or the lymph nodes 
after completing neoadjuvant therapy. pCR is well established 
as a surrogate goal of neoadjuvant chemotherapy, as it is 
a marker for systemic therapy sensitivity and associated with 
improved event-free and overall survival in patients with TNBC 
[14,15]. As a result, pCR is a useful surrogate endpoint in 
clinical trials. The addition of anti-PD-1/PD-L1 immune check
point inhibitors to standard neoadjuvant chemotherapy has 
recently been shown to improve pCR, and also improve event- 
free survival (EFS) irrespective of pCR [16].

The degree of response to neoadjuvant therapy can be 
evaluated and designated by the residual cancer burden 
(RCB) score. Lower RCB scores (RCB-0 = pCR, or RCB-1 = mini
mal residual disease) are associated with reduced risk of recur
rence compared to higher scores (RCB-2 and RCB-3 = extensive 
residual disease) [17].

3.2. Benefits of neoadjuvant immune-checkpoint 
inhibition (ICI)

Pre-clinical studies have demonstrated improved immune 
responses to neoadjuvant versus adjuvant ICIs [18]. When 
primary cancer is in situ, it provides a source of tumor antigens 
which improves the priming of the immune system, expansion 
of T cells, and anti-tumor effect of ICIs [19]. Thus, by giving ICI 
in the neoadjuvant setting when the bulk of the primary 
cancer is present, the T cell response is enhanced and there 
is greater potential for the elimination of micro-metastatic 
tumor deposits, preventing relapse after surgery [20–22]. 
There are a few randomized trials comparing neoadjuvant 
with adjuvant immunotherapy.

The ALEXANDRA/IMpassion030 phase 3 clinical trial evalu
ated the addition of atezolizumab to adjuvant chemotherapy 
(paclitaxel + dose-dense AC/EC), followed by maintenance 

atezolizumab, in patients with resected stage II-III TNBC [23]. 
An interim analysis (presented at SABCS in December 2023) 
demonstrated no improvement in invasive DFS with the addi
tion of adjuvant atezolizumab and increased adverse events in 
the chemoimmunotherapy arm. Accrual was ceased and the 
immunotherapy component discontinued due to futility. 
Several studies have evaluated the efficacy of neoadjuvant 
ICI in TNBC, with mixed results.

3.3. Pembrolizumab in early TNBC

Pembrolizumab plus neoadjuvant chemotherapy (NACT) was 
established as a new standard of care following the results of 
the landmark phase III KEYNOTE-522 trial, in which the addition 
of the ICI led to improved rates of pCR and EFS in patients with 
high-risk early TNBC [24]. Here, patients with untreated stage II or 
III TNBC (cT1c N1–2 or cT2–4 N0–2, as defined by the AJCC 7th 

edition) were randomized to receive either pembrolizumab or 
placebo every 3 weeks combined with NACT consisting of 
weekly paclitaxel with 3-weekly carboplatin followed by doxor
ubicin-cyclophosphamide (AC) (or epirubicin-cyclophospha
mide, EC) every 3 weeks. Following definitive surgery, patients 
received the same pembrolizumab or placebo every 3 weeks in 
the adjuvant setting for up to nine cycles, to complete 12 months 
of therapy. Adjuvant capecitabine or PARP inhibitor was not 
allowed. The first interim analysis in 2020 showed an improve
ment in pCR: 64.8% versus 51.2% (estimated treatment differ
ence, 13.6% points; 95% CI, 5.4 to 21.8; p < 0.001).

In 2022, Schmid and colleagues [25] published follow-up 
data on EFS, defined as the time from randomization to the 
date of disease progression that precluded definitive surgery, 
local or distant recurrence, occurrence of a second primary 
cancer, or death from any cause. At a median follow-up of 
39.1 months, the 36-month EFS was 84.5% in the pembrolizu
mab-chemotherapy arm compared with 76.8% in the placebo- 
chemotherapy arm (HR 0.63, 95% CI, 0.48–0.82, p < 0.001). 
Subgroup analysis demonstrated a benefit in patients regard
less of PD-L1 score, stage, and nodal status [25]. This improve
ment in pCR and EFS with the addition of pembrolizumab in 
early TNBC led to the FDA approval of pembrolizumab and 
established it as a standard of care.

Updated findings were presented at the European Society 
for Medical Oncology (ESMO) 2023 Annual Congress with 5-year 
EFS data, which is particularly important given that most 
relapses of TNBC occur within this time period. These 5-year 
data demonstrated that the EFS benefit was maintained (HR 
0.63, 95% CI 0.49–0.81) with the addition of immunotherapy: 
81.3% in the pembrolizumab-chemotherapy arm versus 72.3% 
in the placebo-chemotherapy arm. While overall survival data 
are still immature, there was a significant benefit in distant 
recurrence-free survival (HR 0.64, 95% CI 0.49–0.84) [26].

A preplanned exploratory analysis demonstrated that the 
5-year EFS was high in all patients who achieved a pCR, and 
higher in those who received immunotherapy: 92.2% in the 
pembrolizumab-chemotherapy arm versus 88.2% in the pla
cebo-chemotherapy arm (HR 0.65, 95% CI 0.39–1.08). Residual 
disease (non-pCR) was a poor prognostic factor, regardless of 
whether immunotherapy was received: 62.6% 5-year EFS in 
the pembrolizumab-chemotherapy arm versus 52.3% in the 
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placebo-chemotherapy arm (HR 0.72, 95% CI 0.54–0.96). We 
have known that patients who have a pCR have a better out
come, compared with those with residual disease who have 
higher rates of recurrence. However, these data demonstrate 
benefit of pembrolizumab regardless of pathologic response: 
even amongst patients who do not have a pCR, those who 
received combination chemoimmunotherapy do substantially 
better (absolute improvement in EFS of 10% at 5 years) [26]. 
This suggests that neoadjuvant IO has additional long-term 
anti-tumor effects, beyond achieving a pCR.

3.4. Other neoadjuvant immune-checkpoint inhibitors in 
early TNBC

Pembrolizumab is the only ICI currently approved for the 
treatment of early-stage TNBC. However, other ICIs have 
been investigated in this setting, with mixed results. The 
phase III IMpassion031 randomized controlled trial demon
strated an improved pCR with the addition of atezolizumab 
to NACT (nab-paclitaxel + AC) for patients with stage 2–3 TNBC 
[27]. As in KEYNOTE-522, this benefit in pCR with the addition 
of neoadjuvant ICI was seen in patients regardless of PD-L1 
status. However, the addition of atezolizumab failed to signifi
cantly improve 3-year EFS, DFS or OS [28]. The 3-year EFS was 
numerically higher in the atezolizumab arm at 81% versus 
placebo arm at 76% but not statistically significant (HR 0.76, 
95% CI 0.47–1.21). Why neoadjuvant pembrolizumab but not 
atezolizumab has shown survival benefit is unclear. Key differ
ences in the KEYNOTE-522 and IMpassion031 studies in terms 
of the chemotherapy regimen (most notably the absence of 
carboplatin and the optional use of adjuvant chemotherapy in 
patients with non-pCR in IMpassion031), sample size and trial 
design may have contributed. Longer follow-up is required.

Other trials have shown inconsistent results, with several 
studies showing no significant improvement in pCR with the 
addition of ICI to NACT.

The phase III NeoTRIP study evaluated the addition of 
atezolizumab to neoadjuvant chemotherapy (carboplatin and 
nab-paclitaxel) in patients with early high-risk and locally 
advanced TNBC [29]. After surgery, patients received four 
cycles of adjuvant anthracycline regimen (AC), regardless of 
pCR. This study found no improvement in pCR rates nor in 
5-year EFS with the addition of atezolizumab compared with 
chemotherapy alone [30]. Subsequent biomarker analysis 
(NeoTRIPaPDL1) identified a baseline imbalance in TILs 
between arms that may have resulted in smaller differences 
of pCR [31]. Administering the anthracycline-component in 
the adjuvant setting may also have contributed to lower 
rates of pCR in the NeoTRIP trial compared with other studies.

The randomized phase II GeparNuevo trial randomized 
patients with cT1b-T4N0–3 TNBC to receive neoadjuvant dur
valumab or placebo every 4 weeks added to nab-paclitaxel 
weekly for 12 weeks, then AC, before surgery, without any 
subsequent adjuvant ICI [32]. There was a unique window 
phase for the first 117 patients who received a 2-week lead- 
in with durvalumab monotherapy, although this was ceased 
and chemoimmunotherapy commenced concurrently for sub
sequent patients in the trial due to concerns about delaying 
receipt of chemotherapy. The addition of durvalumab to NACT 

did not result in a significant increase in the pCR rate. It did, 
however, show an improvement in invasive DFS (iDFS), distant 
DFS (DDFS), and OS independent of pCR [33]. This may sug
gest that pCR is an insufficient endpoint for efficacy of neoad
juvant chemoimmunotherapy. A key aspect to this trial was 
the decision not to include any ICI in the adjuvant setting, 
which differentiates it from the KEYNOTE-522 trial.

3.5. Toxicity of ICI in early-stage TNBC

The use of neoadjuvant ICI carries risks of immune-related 
adverse toxicities that while uncommon, can be life- 
threatening or permanent, such as insulin-dependent diabetes 
or hypoadrenalism. Furthermore, the impact of ICI on fertility 
is not yet clear and is an important consideration for this 
cohort of TNBC patients who are often young, female and of 
child-bearing age. Financial toxicity is also significant. Given 
that a substantial proportion of patients can be cured with 
NACT alone, it is a relatively small percentage for whom ICI is 
critical to achieve a cure and so many patients are exposed to 
an unnecessary risk of immune-related toxicity. This highlights 
the need for the determination of reliable biomarkers to pre
dict responses to anti-PD-1/PD-L1 checkpoint inhibitors and 
improve patient selection for immunotherapy.

3.6. Biomarkers in early TNBC

In advanced TNBC, PD-L1 status (CPS >10) is predictive of 
benefit from pembrolizumab. In early TNBC, PD-L1 status is 
prognostic but not predictive: patients who are PD-L1 positive 
have higher rates of pCR, regardless of whether or not they 
receive immunotherapy, but the efficacy of neoadjuvant ICI in 
terms of pCR is independent of PD-L1 expression, as shown in 
the KEYNOTE-522, IMpassion031 and GeparNuevo trials.

Tumor-infiltrating lymphocytes (TILs) are associated with 
improved prognosis (DFS, distant DFS, and OS) in early TNBC 
and are an independent predictor of response to chemother
apy [7,34]. TILs are a measure of quantifying immune T cell 
infiltration. Higher quantity of TILs indicates the presence of 
an existing anti-tumor immune response, and is associated 
with smaller tumor size, less nodal involvement and higher 
level of PD-L1 expression [35]. Conversely, samples from 
breast cancer metastases show lower quantity of TILs than in 
the primary tumor, suggesting progressive disease is asso
ciated with increased immune suppression [36]. The expres
sion of programmed death-ligand 1 (PD-L1) by tumor cells is 
an adaptive mechanism of tumor resistance to TILs [35]. By 
inhibiting the PD-1/PD-L1 checkpoint, immune-checkpoint 
inhibitors can increase the anti-tumor T cell response. 
However, numerous studies have demonstrated that TILs are 
prognostic but not predictive of benefit with ICIs.

3.7. Patient selection: which patients benefit most from 
neoadjuvant ICI?

As there are currently no validated predictive biomarkers to 
guide patient selection for neoadjuvant ICI, this instead 
relies on an assessment of clinical risk [37,38]*****. In the 
KEYNOTE-522 trial patients with either node positive 
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disease or T2 and higher tumors were included and derived 
benefit. Therefore, at present it seems reasonable that 
neoadjuvant ICI be considered in all node positive TNBC 
patients and high-risk node-negative patients, balancing the 
individual risks of toxicity and benefit.

4. Unanswered questions on the optimal adjuncts 
and schedule of ICI in early-stage TNBC

4.1. Adjuvant ICI

The optimal duration of ICI therapy in early TNBC is 
unknown. One area of keen interest is investigating the 
necessity of adding adjuvant ICI following neoadjuvant ICI. 
All patients in KEYNOTE-522 and IMpassion031 received 
adjuvant ICI to complete a total of 12 months of immu
notherapy, regardless of whether they achieved a pCR. 
However, continued ICI carries significant financial cost 
and risk of immune-mediated toxicity, so administering 
the minimum duration of ICI should be the aim. In the 
GeparNuevo trial, patients received only neoadjuvant ICI 
without subsequent adjuvant therapy, and still demon
strated a DFS and OS benefit [32]. This suggests that adju
vant therapy may not be required. At present, the necessity 
for continuing adjuvant pembrolizumab after neoadjuvant 
ICI and chemotherapy is uncertain, both in patients who do 
and do not achieve a pCR. Several studies are currently 
underway, including the Optimice-pCR trial which aims to 
answer the question of whether patients who achieve a pCR 
from neoadjuvant chemoimmunotherapy with pembrolizu
mab can safely have adjuvant therapy de-escalated with 
observation instead of adjuvant pembrolizumab [36].

4.2. Clinical benefit from neoadjuvant ICI in patients 
with non-pCR

As discussed, the randomized phase II GeparNuevo trial 
showed that the addition of durvalumab to NACT resulted 
in a non-significant increase in pCR rate. However, it 
demonstrated a significant and clinically meaningful 
improvement in 3-year invasive DFS (iDFS), distant DFS 
(DDFS) and overall survival (95.2% versus 83.5% (HR 0.24, 
95% CI 0.08–0.72, p = 0.006) [32]. Similar to the data seen in 
KEYNOTE-522, this suggests that neoadjuvant chemoimmu
notherapy can induce long-term anti-tumor effects with 
clinical benefit even in patients without a pathologic 
response.

4.3. Management of residual invasive disease after 
neoadjuvant ICI

Residual invasive disease after neoadjuvant therapy confers 
a poor prognosis and identifies patients who are at higher 
risk of recurrence and require escalation of adjuvant therapy. 
In the KEYNOTE-522 trial, pembrolizumab was continued post- 
operatively, irrespective of the pathological response to 
neoadjuvant therapy, but no other adjuvant treatments were 
given. The optimal adjuvant therapy for patients with residual 
disease is unknown but may include chemotherapy, PARP 

inhibitors, immunotherapy, and antibody-drug conjugates 
(ADCs) – alone or in combination. Positive circulating tumor 
DNA (ctDNA) at/after surgery following neoadjuvant che
moimmunotherapy has been associated with a poor prognosis 
and together with pathological response may help guide 
escalation of adjuvant therapies [28].

4.4. Adjuvant capecitabine

NACT is standard practice for patients with early TNBC to allow 
an assessment of residual invasive disease and tailor adjuvant 
therapy in these patients who are at highest risk of recurrence. 
The phase III CREATE-X trial demonstrated an overall survival 
benefit with adjuvant capecitabine compared to observation 
in patients who had residual invasive disease after NACT for 
stage I-IIIB HER2-negative breast cancer (HR 0.52, 95% CI 0.39– 
0.90) [39]. 32.2% of patients in this study had TNBC, and these 
patients had improved DFS and OS with adjuvant capecita
bine. As such, it is now recommended therapy for patients 
with early-stage TNBC with residual disease after NACT. 
However, with the survival benefit of neoadjuvant followed 
by adjuvant pembrolizumab demonstrated in the KEYNOTE- 
522 trial, the role of adjuvant capecitabine is less clear. 
Patients with residual invasive disease (non-pCR) in 
KEYNOTE-522 did not receive adjuvant capecitabine, as it 
was not considered standard treatment at the time of trial 
design. In light of these evolving data, clinicians are faced with 
the decision of whether to combine adjuvant capecitabine 
with pembrolizumab for patients with residual invasive dis
ease after neoadjuvant treatment with the KEYNOTE-522 pro
tocol. While there is currently no randomized data to show 
that this combination is superior to single-agent therapy, it 
seems reasonable in this cohort due to their high risk of 
recurrence, although the potential benefit must be weighed 
against the risk of toxicity in the individual patient. Data in the 
metastatic TNBC setting showed no new safety signals with 
the combination of pembrolizumab and capecitabine [40,41]. 
Further research is needed in this space to define the optimal 
adjuvant therapy regimen.

4.5. Adjuvant PARP inhibitors in BRCA variants

Another approach that has been explored to improve out
comes for patients with early TNBC at high risk of recurrence 
is the use of poly-adenosine diphosphate-ribose polymerase 
(PARP) inhibitors. The OlympiA trial demonstrated longer 
invasive disease-free survival, distant DFS and OS with the 
adjuvant PARP inhibitor olaparib compared to placebo, for 
patients with high-risk, HER2-negative early breast cancer 
with pathogenic or likely pathogenic variants in germline 
BRCA1 or BRCA2. The trial included patients who received 
either adjuvant or neoadjuvant chemotherapy: those who 
received NAC were required to have residual invasive disease 
[42].

Data from the OlympiA and CREATE-X trials show that 
adjuvant monotherapy with olaparib or capecitabine offer 
a meaningful survival benefit. However, the role of these 
adjuvant therapies in the context of neoadjuvant and adju
vant ICI is not established. There is currently no randomized 
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data to guide the combination or sequence of adjuvant 
therapy for these patients with germline BRCA mutations 
and residual disease after neoadjuvant chemoimmunother
apy for TNBC. Information about germline BRCA status has 
not been provided in the KEYNOTE-522 trial. Until further 
data are available, clinical judgment is required. It is not 
recommended to combine adjuvant capecitabine with ola
parib due to overlapping side effects, particularly cytope
nias. However, with the improved survival demonstrated 
with adjuvant olaparib, it seems reasonable to combine it 
with adjuvant pembrolizumab for those patients with resi
dual disease after neoadjuvant chemotherapy and pembro
lizumab for TNBC with germline BRCA mutations. There is 
biological rationale for combining PARP inhibitors and ICI, 
which have been shown to have a synergistic benefit in 
preclinical models [43]. Safety data for combining PARPi 
and ICIs has been demonstrated in the metastatic setting 
and the combination is generally well tolerated [44,45]. 
Studies are underway to investigate the role of more potent 
PARPi such as talazoparib, and the potential role for neoad
juvant PARPi [46].

4.6. Adjuvant antibody-drug conjugates

Another approach being investigated to improve outcomes 
in patients with residual disease is the adjuvant use of anti
body-drug conjugates (ADCs). ASCENT-05 [47] is a phase 3 
randomized trial underway to evaluate the effect of adjuvant 
therapy with the combination of the ADC sacituzumab govi
tecan (SG) and pembrolizumab in patients with residual 
disease after neoadjuvant therapy for TNBC, that may have 
included a neoadjuvant ICI. SG is a Trop-2-directed ADC that 
contains the irinotecan active metabolite SN-38 (a topoi
somerase I inhibitor). It has been approved for treatment in 
pre-treated metastatic TNBC after it demonstrated a PFS and 
OS benefit and is currently being investigated in untreated 
patients [48]. There is preclinical data that supports the 
combination of irinotecan and ICI having synergistic anti- 
tumor activity via the reduction in regulatory T cells and 
augmentation of MHC class I-mediated tumor antigen pre
sentation [49].

TROPION-Breast03 [50] is a phase 3 randomized trial asses
sing the efficacy of the novel ADC datopotamab deruxtecan 
(Dato-DXd) with or without durvalumab in patients with resi
dual disease after neoadjuvant therapy for TNBC, that may 
have included a neoadjuvant ICI. Dato-DXd is another Trop- 
2-directed ADC, this linked to the topoisomerase I inhibitor 
deruxtecan (DXd).

5. Defining the optimal chemotherapy backbone in 
early-stage TNBC

5.1. Could a less toxic chemotherapy backbone be used 
in combination with ICI?

There is currently no consensus on the most effective che
motherapy regimen for high-risk early TNBC, and the necessity 
of platinum therapy is particularly contentious. An important 
question is whether a less toxic chemotherapy component 

could be used in combination with ICI therapy in patients 
with lower clinical risk. Such patients may include those with 
node negative TNBC and a high level of preexisting immune 
activation as evidenced by high TILs and/or PD-L1 expres
sion [51].

5.2. Could carboplatin be omitted?

The addition of carboplatin to neoadjuvant paclitaxel followed 
by 3-weekly AC demonstrated an improvement in pCR and 
EFS in the BrighTNess trial [52]. However, this addition of 
carboplatin to an anthracycline-containing regimen has come 
at the expense of increasing toxicity. KEYNOTE-522 used car
boplatin as part of the NACT regimen, but IMpassion031 and 
GeparNuevo did not. While the necessity for carboplatin as 
part of the NAC backbone is uncertain, it was used in the 
KEYNOTE-522 and thus forms the current standard of care for 
neoadjuvant chemoimmunotherapy in TNBC. Further studies 
are needed to determine biomarkers that may guide the 
escalation or de-escalation of the cytotoxic chemotherapy 
backbone.

5.3. Could anthracycline be omitted?

Anthracyclines carry risk of cardiotoxicity, myelosuppression, 
and secondary hematological malignancies. Several studies 
have looked at the benefit of adding ICI to an anthracycline- 
free neoadjuvant chemotherapy protocol. NeoPACT was 
a single-arm phase II study that used a non-anthracycline 
neoadjuvant regimen of carboplatin, docetaxel, and pembro
lizumab in patients with stage I-III TNBC, with no adjuvant 
pembrolizumab [53]. This regimen resulted in a pCR rate of 
58% and estimated 3-year EFS of 86% in all patients; 98% in 
patients who had a pCR and 68% in patients with non-pCR. 
These results are comparable to studies evaluating anthracy
cline-containing chemoimmunotherapy regimens, such as the 
KEYNOTE-522 trial with pCR rate of 64.8% and 3-year EFS of 
84.5% in all patients. The NeoPACT trial provides data to 
support the potential use of neoadjuvant chemoimmunother
apy where anthracycline-containing regimens are contraindi
cated, but further research is necessary.

6. Future directions & challenges in early TNBC

Combining ICI with NACT has proved to be a promising strat
egy to improve outcomes in early TNBC. However, the optimal 
duration of ICI, the best chemotherapy backbone and best 
schedule of therapy remain unknown. Outcomes are particu
larly poor for those patients who fail to respond to immune 
checkpoint inhibitors and have high residual cancer burden 
after neoadjuvant therapy, known as primary resistance (41). 
Understanding and overcoming mechanisms of immunother
apy resistance is critical to improve patient outcomes in early 
TNBC. Further studies may inform strategies in these patients 
including the combination and escalation of adjuvant thera
pies, guided by pathological response and potentially other 
biomarkers including ctDNA.
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7. Conclusion

Pembrolizumab in combination with chemotherapy now 
forms a standard of care for treatment of advanced PD-L1 
positive TNBC, and as part of neoadjuvant therapy for high- 
risk early TNBC. Despite significant progress, challenges 
remain in optimizing the role of immunotherapy in treating 
TNBC. Reliable predictive biomarkers are needed to guide 
patient selection, improve clinical outcomes, and minimize 
risk of toxicity. Further studies are needed to answer these 
urgent questions.

8. Expert opinion

Triple negative breast cancer remains a challenging cancer to 
treat. In the early breast cancer setting it disproportionately 
impacts on younger patients, has high relapse rates, and 
relapses early rather than late: usually within the first 2–3  
years after diagnosis. Traditionally, no targeted therapy was 
effective, and clinicians relied on chemotherapy. Although 
there have been advances in chemotherapy regimens such 
as adopting a neo-adjuvant approach, the use of dose dense 
anthracyclines and the addition of carboplatin, results have 
still lagged behind the other breast cancer subtypes, namely 
hormone receptor positive and HER2 positive. This, plus the 
fact that triple negative cancers are seen as being more 
’immunogenic,’ has led to several large studies in patients 
with early TNBC, where immunotherapy (IO) was added to 
chemotherapy. While the results have been variable and 
immunotherapy is potentially toxic and expensive, the 
KEYNOTE-522 study with pembrolizumab has hit its statistical 
targets and with longer follow-up is appearing to finally be 
a breakthrough in improving outcomes for these patients. This 
will hopefully translate into its adoption and an overall 
improvement in disease outcomes for patients with TNBC. 
Nevertheless, the cost will be a restraining factor in its wide
spread use, and there remains critical questions, in particular 
how best to choose the patients most likely to benefit. It does 
not make sense that PDL1 expression, which is the most used 
biomarker, seems not to have a role here. Also, there were 
limitations of the design of the KEYNOTE-522 trial where 
patients were randomized to receive either chemotherapy 
alone versus chemotherapy plus 12 months of immunother
apy. What was needed was a third arm where the immu
notherapy was stopped at surgery if there was 
a pathological complete response. If this arm had similar out
comes to the 12-month arm, then a lot of unnecessary treat
ment, time, toxicity, and cost could potentially be saved. 
Thankfully, there are now trials being done to answer this 
question, but the results will still be a number of years away, 
and until then clinicians will face a dilemma in whether to 
continue IO after a pathological CR has been achieved with 
the neo-adjuvant component of the regimen.

In the metastatic setting, several IO trials in patients with 
advanced TNBC have been successfully completed, but again, 
not all trials have achieved statistically valid results. As a point 
of contrast to the early-stage setting, it appears that the ICIs 
only work if the patient’s tumor tests positive to PDL-1 stain
ing, often at modest/high levels. A major problem is that each 

ICI is accompanied by a different testing platform/antibody 
and a different way of measuring the score, which makes it 
difficult for clinicians and for pathology departments. This has 
been partially alleviated by the fact that at present only one 
agent – pembrolizumab – is being widely used in Australia in 
the metastatic setting, although this may change as other 
agents come through the trials.

If one speculates on how this area will evolve in the next 
few years, one hopes that there will be a wider range of 
agents available to choose from. More importantly, there will 
be better ways to select which patients truly gain benefit from 
the addition of pembrolizumab and the optimal duration of 
therapy, versus those patients who will have a high chance of 
cure using standard chemotherapy alone. Another develop
ment might be the development of immunotherapy agents or 
regimens that reduce or even eliminate the need for che
motherapy at all.
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