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Abstract
In recent years, after a long standstill in pharmacotherapy of triple-negative breast cancer (TNBC), sev-
eral new targeted agents have been registered for treatment of patients with this neoplasm (pem-
brolizumab, olaparib, talazoparib, sacituzumab govitecan, and trastuzumab deruxtecan).
The standard treatment for patients with early TNBC and operable primary tumors up to 2 cm and neg-
ative lymph nodes is primary surgery followed by adjuvant chemotherapy and possible radiotherapy.
Patients with higher local and regional stages are candidates for primary chemotherapy followed by
radical surgery and adjuvant treatment. Adjuvant olaparib prolongs invasive disease-free survival and
overall survival of patients with germline BRCA1/2 mutation. Adding pembrolizumab to perioperative
systemic treatment increases the pathological complete response rate (pCR) and prolongs event-free
survival. However, there are no data on effectiveness and safety of applying combined immunother-
apy with adjuvant capecitabine for patients without pCR after preoperative treatment or with adjuvant
olaparib for germline BRCA1/2 mutation carriers.
Chemotherapy is the standard treatment for advanced TNBC. Palliative treatment with PARP inhibitors
(olaparib, talazoparib) in patients with germline BRCA1/2 mutation prolongs progression-free survival
and increases the overall response rate compared with chemotherapy.
In PD-L1-positive patients, adding pembrolizumab to first-line chemotherapy increases the response
rate and prolongs survival. The same endpoints are better for TNBC patients treated with sacituzumab
govitecan compared with chemotherapy. Trastuzumab deruxtecan is indicated for the treatment of pa-
tients with low human epidermal growth factor receptor 2 (HER2) expression and is more efficient than
chemotherapy. In Poland, pembrolizumab, talazoparib, and sacituzumab govitecan are reimbursed
from public funds.
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Introduction
Triple-negative breast cancer (TNBC) is character-
ized by the lack of expression of specific recep-
tors, considered standard targets for drugs used in
this malignancy — hormone therapy and anti-HER2
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agents. Expression of both hormone receptors on tu-
mor cells is less than 1% of stained nuclei, and
there is also no molecular target for anti-HER2
agents, i.e. neither HER2 overexpression confirmed
by immunohistochemistry (IHC) as 3+ score nor gene
amplification detected in fluorescence in situ hy-
bridization (FISH) in the case of equivocal HER2 sta-
tus (IHC score 2+) [1].

Several cancers with different molecular character-
istics are actually classified as triple-negative breast
cancer. Over the decades, enormous effort has been
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put into trying to identify differences between these
subtypes to determine optimal treatment. An example
is the study by Burstein et al. [2], in which 4 subtypes
of TNBC were identified based on the expression of
selected genes and classified as the following sub-
types:

1) luminal androgen receptor (luminal androgen re-
ceptor LAR);

2) mesenchymal (MES);
3) basal-like immune-suppressed (BLIS);
4) basal-like immune-activated (BLIA).

The authors of that study showed that the BLIS
subtype had the worst prognosis, while patients
with the BLIA subtype had the best prognosis in
terms of disease-free survival (DFS) and disease-
specific survival (DSS). Moreover, potential targets
for molecularly targeted drugs in a given subtype
were also indicated: 1) LAR — androgen receptor
and transmembrane glycoprotein mucin 1 (MUC1);
2) MES — platelet-derived growth factor receptor-
a (PDGFRA) and (c-KIT); 3) BLIS — immunosup-
pressive protein V-set domain containing T cell acti-
vation inhibitor 1 (VTCN1), and 4) BLIA — STAT
and cytokine-dependent signaling pathway.

The studies conducted over the last few years have
led to the registration of new drugs in the treat-
ment of both early and advanced TNBC. Paradoxi-
cally, all new therapies in this disease are directed
at molecular targets; these include immunotherapy,
poly (ADP-ribose) polymerase inhibitors (PARPis),
and monoclonal antibodies conjugates with cytotoxic
drugs: anti-TROP2 (sacituzumab govitecan) and anti-
HER2 (trastuzumab deruxtecan).

Treatment of patients with early TNBC
— current standard

According to the current European and American rec-
ommendations for the management of patients with
early triple-negative breast cancer, in the case of a re-
sectable tumor up to 2 cm in size, without lymph node
metastases, primary surgery should be performed, fol-
lowed by adjuvant treatment [3, 4]. In patients with
a primary tumor larger than 2 cm or with positive
lymph nodes, treatment should begin with preopera-
tive chemotherapy, even if the tumor is primarily op-
erable.

ABC study gives some guidelines on the choice
of adjuvant chemotherapy in the former group of pa-
tients with a relatively low risk of recurrence [5].
The non-inferiority study by Blum et al. [5] com-
pared 6 cycles of adjuvant chemotherapy TC (doc-
etaxel with cyclophosphamide) with regimens con-
taining taxoid and anthracycline. It was a pre-planned
stepwise futility analysis of 3 clinical trials, which in-
cluded 4242 patients without HER2 overexpression.

In 31% of patients, TNBC was diagnosed, 41% had
no lymph node involvement, and grade 3 (G3) histol-
ogy was present in 51% of patients. The primary end-
point was invasive cancer-free survival (IDFS), and
the threshold for determining futility for TC versus
anthracycline- and taxoid-based regimens was IDFS
relative risk (RR) greater than 1.18. The 4-year
IDFS rate was 88.2% for TC chemotherapy and 90.7%
for taxoid and anthracycline-containing chemotherapy
[hazard ratio (HR) = 1.23; p = 0.04]. It has, therefore,
been shown that the TC regimen should not be treated
as an equivalent alternative to anthracycline- and
taxoid-containing regimens. The number of deaths in
both arms was similar (HR = 1.08; p = 0.60). In a sub-
group analysis, in node-negative TNBC patients, the
difference in the 4-year IDFS rate was 2.5 percentage
points in favor of anthracycline-based regimens.

Currently, there are no data confirming that preop-
erative chemotherapy prolongs life compared to post-
operative chemotherapy in patients with operable can-
cer [6]. The choice of primary systemic treatment,
apart from the possible improvement in operability or
enabling breast-conserving surgery (BCS), is mainly
determined by chance to confirm the effectiveness of
chemotherapy and prognosis. Obtaining a microscop-
ically confirmed complete response, i.e. pathologi-
cal complete response (pCR) with no residual disease
(residual cancer burden, RCB0) is associated with
good prognosis compared to the lack of pCR/RCB0
[for TNBC, the 5- and 10-year event-free survival
(EFS) rates in pCR patients was 91% and 86%, re-
spectively, in RCBI patients — 80% and 75%,
respectively, in RCBII patients — 66% and 61%, re-
spectively, and RCBIII patients — 28% and 25%,
respectively] [7]. Importantly, in patients with resid-
ual disease after preoperative treatment, postopera-
tive chemotherapy with capecitabine can be used,
with a documented impact on prolonging overall sur-
vival (OS) time, as demonstrated in the phase III
CREATE-X study [8]. The benefit of capecitabine in
all patients without HER2 overexpression included
both DFS (5-year rate 74% vs. 68%; HR = 0.70;
p = 0.01) and overall survival (5-year rate 89%
vs. 84%; HR = 0.59; p = 0.01). The effect of
capecitabine on improving the prognosis was particu-
larly pronounced in the group of TNBC patients.

Taxoids and anthracyclines are both used in preop-
erative chemotherapy. Compared to taxoid-free regi-
mens containing an anthracycline, this treatment al-
lows for a higher pCR rate (RR = 1.48; 95% CI
1.04–2.12), as well as longer disease-free survival
(DFS; RR = 0.89; 95% CI 0.80–0.99) and local
(LRFS) and regional recurrence-free survival (RRFS;
RR = 0.74; 95% CI 0.59–0.94) [9]. Due to better
tolerability, anthracyclines and taxoids are used se-
quentially, instead of simultaneously. The sequence of
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anthracycline and taxoid administration has no sig-
nificant impact on the effectiveness of preoperative
chemotherapy. There was only a non-statistically sig-
nificant trend towards greater benefit if taxoid was
administered first — HR for OS = 0.80 (95% CI
0.60–1.08), DFS HR = 0.84 (95% CI 0.65 –1.09), and
pCR RR = 1.15 (95% CI 0.96–1.38). There were no
significant differences in the frequency of taxoid dose
reduction (RR = 0.81; 95% CI 0.59–1.11) or the risk
of G3/4 neurotoxicity (RR = 0.95; 95% CI 0.55–1.65)
and G3/4 neutropenia (RR = 1.25; 95% CI 0.86–1.82).
There are no data on the impact of administration se-
quence on patients’ quality of life [10].

Part of anthracycline-containing chemotherapy
(usually AC or EC regimen) can be administered
in dose-dense manner, i.e. shortening the intervals
between infusions to 2 weeks with the supportive
use of human granulocyte colony-stimulating factor
(G-CSF). Most data on the beneficial impact of this
approach on prognosis come from studies assessing
the effectiveness of adjuvant chemotherapy. In the
case of preoperative chemotherapy, no improvement
in prognosis was demonstrated, but a beneficial effect
of dose density on increasing the pCR rate was ob-
served in patients with low hormone receptor (HR)
expression (OR = 1.36; p = 0.007) [11].

Another form of preoperative chemotherapy esca-
lation is adding a platinum derivate to taxoids. The
results of the 2018 meta-analysis by Poggio et al. [12]
showed that for all patients with triple-negative breast
cancer, this approach allows for an increase in the pCR
rate from 37% to 52% (OR = 1.96; p < 0.001). There
was also a trend towards improvement in EFS, but
without affecting overall survival. The update of the
cited work published in 2021, after a longer follow-up,
showed a significant benefit from the addition of plat-
inum in the entire group of TNBC patients in terms
of prolonged EFS (HR = 0.70; 95% CI 0.56–0.89),
but with no statistically significant impact on OS
(HR = 0.82; 95% CI 0.64–1.04) [13].

It is worth emphasizing that in a publication from
2018, Poggio et al. [12] showed a clear benefit of
adding a platinum derivative in terms of pCR in pa-
tients without a germline BRCA mutation (pCR rate
57% vs. 33%; OR = 2.72; p < 0.001), but this was
not observed in patients harboring this mutation (pCR
rate 58% vs. 54%; OR = 1.17; p = 0.711). A meta-
analysis by Poggio et al. included two studies that an-
alyzed the impact of adding a platinum compound
on the survival of patients depending on the pres-
ence of a germline BRCA mutation, i.e. BrighTNess
[14] and GeparSixto [15]. The frequency of germline
BRCA mutation in radically treated TNBC patients
was 15–17%. In both studies, subgroup analysis re-
sults suggested a benefit in terms of EFS and DFS
from adding a platinum compound in patients with-
out mutations. However, the results differed in BRCA

mutation carriers. The results of the BrighTNess study
indicated an EFS benefit from adding a platinum com-
pound, while the GeparSixto study showed no benefit
from adding platinum to preoperative chemotherapy
in patients with germline mutations – neither in terms
of pCR rate nor DFS.

It should be noted that combining platinum
with taxoid is undoubtedly associated with greater
G3–4 hematological toxicity (for neutropenia: OR =
= 3.19; 95% CI 1.55–6.54, for thrombocytopenia:
OR = 8.32; 95% CI 2.88–23.98 and for anemia: OR =
= 15.01; 95% CI 4.86–46.30) [12].

The discussion about the appropriateness of adding
carboplatin to preoperative chemotherapy returned
at the 2022 San Antonio Breast Cancer Symposium
(SABCS). Gupta et al. [16] presented the results of
a single-center, randomized phase III study conducted
in India, which included 720 TNBC patients. Strat-
ification did not include age but only menopausal
status and cancer stage. In the experimental arm, in
addition to paclitaxel and the AC/EC regimen, pa-
tients also received carboplatin [area under the curve
(AUC) 2] added to paclitaxel. Almost 70% of pa-
tients were under 50 years of age. The primary end-
point was DFS, and the secondary endpoint — among
others — OS. The study was negative for the pri-
mary endpoint with the 5-year DFS rates of 70.6%
and 64.5%, respectively for patients treated with and
without carboplatin (HR = 0.79; 95% CI 0.61–1.02;
p = 0.073). Nevertheless, a subgroup analysis was per-
formed, whose results suggested a benefit from adding
carboplatin in patients under 50 years of age, both in
terms of DFS and OS — 74.5% vs. 62.3% (interaction
test p = 0.003) and 76.8% vs. 65.7% (interaction test
p = 0.004). The study did not take BRCA gene status
into account.

Based on the above data, it can be concluded
that adding carboplatin to taxoid administered pre-
operatively may be justified in patients who accept
more severe treatment toxicity, are younger, and have
no germline BRCA mutation; the benefit of such
escalation in patients with the mutation is not con-
firmed.

After surgery, depending on indications, patients
are referred for adjuvant radiotherapy, and, as already
mentioned, in the absence of pCR, adjuvant treatment
with capecitabine should be considered. It has also
been shown that the use of platinum derivatives in-
stead of capecitabine at this stage of treatment is not
associated with greater effectiveness but with more se-
vere toxicity [17].

A schematic summary of the standard manage-
ment in patients with early TNBC using perioperative
chemotherapy is presented in Figure 1.
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Figure 1. Schematic summary of standard treatment in patients with early triple-negative breast cancer (TNBC) using perioperative
chemotherapy; ↑ — statistically significantly greater benefit from a given therapy; AC/EC — chemotherapy according to the doxorubicin
and cyclophosphamide or epirubicin and cyclophosphamide regimen; BRCAm– — patients without germline BRCA mutation; BRCAm+
— patients with germline BRCA mutation; SUR — radical surgical procedure; DFS — disease-free survival; EFS — event-free survival; N —
involvement of regional lymph nodes; NS — not significant; OS — overall survival; pCR— pathological complete response; RT — adjuvant
radiotherapy; T — primary tumor; TC— chemotherapy according to the docetaxel and cyclophosphamide regimen

Treatment of patients with early TNBC
— what is new?

Novel options for perioperative treatment in TNBC
patients include immunotherapy added to preopera-
tive chemotherapy and continued after surgery, as well
as adjuvant treatment with a PARPi in patients with
a germline BRCA mutation.

The scope of new drug studies and registrations
(data as of June 2023) in early TNBC is presented in
Figure 2.

Immunotherapy
So far, the only immune checkpoint inhibitor (ICI)
registered for perioperative treatment of TNBC is
pembrolizumab. Registration was based on the re-
sults of the phase III KEYNOTE-522 study [18]. It
included TNBC patients with cT1c breast tumor and
lymph node involvement (cN1–N2) or with cT2–T4
tumor regardless of lymph node status (cN0–N2). Pa-
tients were assigned to two arms in a 2:1 ratio and re-
ceived chemotherapy with pembrolizumab (n = 784)
or chemotherapy with placebo (n = 390). Sequen-
tial chemotherapy was used: first 12 weeks of treat-
ment with carboplatin and paclitaxel, then four cycles
of AC or EC every 3 weeks. After surgery, patients
could undergo adjuvant radiotherapy depending on in-
dications and continued pembrolizumab or placebo
as adjuvant treatment, for a total of 17 cycles. The
co-primary endpoints were the pCR rate (ypT0/Tis
ypN0) and EFS in the population included in the treat-
ment (time to progression preventing radical surgical
treatment, relapse, subsequent malignancy, or death).
The germline BRCA mutation status was not deter-
mined in the study participants. Notably, carboplatin
was mandatory in all patients despite the previously

mentioned controversies. Additionally, the study did
not allow the use of capecitabine as an adjuvant treat-
ment in patients without pCR.

The first interim analysis was performed after en-
rollment of 602 patients, and the median follow-up
was 15 months. The pCR rate was significantly higher
in the pembrolizumab-treated group (65% vs. 51%,
p < 0.001). Additionally, there was a lower risk of
breast cancer-related events in patients receiving im-
munotherapy (EFS: HR = 0.63; 95% CI 0.43–0.93).
After 39 months of follow-up, there was a signifi-
cant difference in the 3-year EFS rate in favor of im-
munotherapy (85% vs. 77%; HR = 0.63; p < 0.001)
[19]. In an analysis with a higher number of patients,
there was still a difference in the pCR rate in favor
of immunotherapy, but with a smaller absolute dif-
ference (63% vs. 56%). Subgroup analysis indicated
a benefit from immunotherapy in terms of EFS, re-
gardless of the programmed death ligand 1 (PD-L1)
expression.

Most adverse events were reported during the pre-
operative treatment. What is noteworthy is the fre-
quency of G3 and higher adverse events (AEs), which
was almost 80% in patients in both groups. This prob-
ably resulted from toxicity of multidrug chemother-
apy.

The most common immunotherapy-related adverse
events (irAEs) of at least grade 3 severity were skin
complications, infusion hypersensitivity, and adrenal
insufficiency. There were three deaths in the exper-
imental arm (due to pulmonary embolism, sepsis,
and pneumonia). In the group of patients receiving
chemotherapy with placebo, death in 1 patient was re-
ported due to therapy complications [18].

Based on the KEYNOTE-522 study, pem-
brolizumab was registered in combination with
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Figure 2. New trials and drug registrations in early triple-negative breast cancer (TNBC) (as of June 2023);A. PARP inhibitors;B. Immunother-
apy; ↑ — statistically significantly greater benefit from a given therapy; BRCAm+ — patients with germline BRCA mutation; SUR — radical
surgical procedure; DFS — disease-free survival; EFS — event-free survival; IDFS — invasive disease-free survival; N+ — involvement of re-
gional lymph nodes; NAC— neoadjuvant/preoperative chemotherapy; NS— not significant; OS— overall survival; PARPi — PARP inhibitor;
pCR— pathological complete response; T — primary tumor

chemotherapy as a neoadjuvant treatment; then it can
be continued as monotherapy in adjuvant treatment
after surgery in patients with locally advanced or
early TNBC at high risk of recurrence. In Poland,
from July 1, 2023, the drug is reimbursed from public
funds for this indication.

Pembrolizumab was not the only immune check-
point inhibitor evaluated in the perioperative treat-
ment setting. The aim of the double-blind, random-
ized phase III study IMpassion031 was to evaluate
the effectiveness of atezolizumab added to preopera-
tive chemotherapy [20]. In that study, nab-paclitaxel
(12 administrations) and a dose-dense AC regimen
were used sequentially. Immunotherapy was contin-
ued postoperatively as an adjuvant treatment (up
to a year in total). The study included 333 patients
with tumors larger than 2 cm, regardless of lymph
node status. The co-primary endpoints were the pCR
rate in all patients included in the study and in pa-
tients with PD-L1 expressing tumor-infiltrating im-

mune cells (IC) ≥ 1%. It was shown that the addi-
tion of atezolizumab to preoperative chemotherapy re-
sulted in a significantly higher pCR rate (58% vs. 41%,
p = 0.0044, with a significance threshold of 0.0184)
in the entire population included in the study. Inter-
estingly, the difference in pCR rate in patients with
PD-L1 expression did not reach statistical significance
(69% vs. 49%, p = 0.021, with a significance thresh-
old of 0.0184). After approximately 39 months of
follow-up, the results regarding EFS, DFS, and OS
were presented, and no significant differences were
found [21].

It is worth noting the phase II GeparNuevo study
[22], which aimed at assessing the value of adding
durvalumab to preoperative chemotherapy (12 admin-
istrations of nab-paclitaxel, then EC every 2 weeks,
n = 174).

Immunotherapy was not continued after surgery,
but postoperative local and systemic treatment was al-
lowed according to the local standards. It was
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a double-blind, randomized study. The primary
endpoint was the pCR rate, and the secondary end-
points included IDFS, distant metastasis-free survival
(DDFS), and OS. There was no significant difference
in the pCR rate, but there was a significant differ-
ence in favor of durvalumab in terms of the 3-year
IDFS rate (86% vs. 77.2%; HR = 0.48; p = 0.036),
DDFS rate (92% vs. 78.4%; HR = 0.31; p = 0.005),
and OS rate (95% vs. 84%; HR = 0.24; p = 0.006).
It should be emphasized that the study was not de-
signed to demonstrate a difference in survival and
the obtained results are exploratory. Some patients
received postoperative chemotherapy. Nevertheless,
the observed benefits, which require confirmation in
a properly planned phase III trial, raise hope that
short-term preoperative immunotherapy may prove to
be a valuable and sufficient option in TNBC patients.

There are some controversies about use of the
perioperative treatment regimen in clinical practice
proposed in the KEYNOTE-522 study. The use of car-
boplatin in all patients is questionable, especially con-
sidering the high toxicity of preoperative chemother-
apy observed in the study. The actual value of
continuing immunotherapy after surgery, especially
in pCR patients, also requires confirmation in fur-
ther studies. Finally, the most important doubt is re-
lated to the non-use of adjuvant chemotherapy with
capecitabine in patients who did not achieve the
pCR. It is also unknown whether postoperative im-
munotherapy should be replaced with olaparib in pa-
tients with germline BRCA mutations.

Perhaps information about the value of
capecitabine in patients undergoing immunother-
apy will be provided by the results of the ongoing
NSABPB-59/GeparDouze study [23], which is
assessing the value of adding atezolizumab in peri-
operative treatment. Preoperative chemotherapy that
was used in the NSABPB-59/GeparDouze study was
the same as in the KEYNOTE-522 study, but after
enrolling over 600 patients, a protocol amendment
was introduced allowing for administration of adju-
vant chemotherapy with capecitabine if the pCR was
not achieved.

PARP inhibitors
Considering breast cancer, currently (as of June
2023), PARP inhibitors are only applicable in patients
harboring germline BRCA1/2mutation without HER2
overexpression. As mentioned, among TNBC patients
there are several percent carriers of such mutations.

Olaparib was registered for perioperative treat-
ment based on the results of the phase III OlympiA
study [24]. It aimed to evaluate the value of adjuvant
treatment with olaparib in patients with early breast
cancer, at high risk of recurrence, without HER2
overexpression, and with a pathogenic or probably
pathogenic germline BRCA1/2 mutation. The study

included 1836 patients who were assigned to two
arms, with olaparib for a year (300 mg twice daily) or
placebo. During this therapy, it was possible to use ad-
juvant hormone therapy and adjuvant bisphosphonate
treatment. Concomitant adjuvant chemotherapy was
not allowed. In patients after primary surgery, postop-
erative chemotherapy was required (at least 6 cycles of
anthracyclines or taxoids, or drugs from both groups,
platinum was allowed), and it had to be completed
before olaparib or placebo therapy commencement.
Adjuvant chemotherapy was not allowed in patients
who received preoperative chemotherapy. In addition,
it was necessary to complete local treatment, and ra-
diotherapy had to be completed 2 to 12 weeks before
study treatment initiation.

The primary endpoint of the OlympiA study
was IDFS, and secondary endpoints included DDFS
and OS. TNBC was diagnosed in 82% of patients in-
cluded in the study. The inclusion criteria for TNBC
patients were as follows: primary tumor size of at least
2 cm or axillary lymph node involvement and adju-
vant chemotherapy or neoadjuvant therapy but with-
out achieving the pCR. Among the patients included
in the study, 72% were carriers of a germline BRCA1
mutation, half underwent preoperative chemotherapy,
93% received anthracyclines and taxoids, platinum
compounds were used in 26%, and 62% of patients
were premenopausal.

Adjuvant treatment with olaparib increased the
3-year invasive disease-free survival rate (86% vs.
77%; HR = 0.58; p < 0.001). After a longer follow-
up, not only a sustained beneficial effect was demon-
strated in terms of 4-year IDFS (83% vs. 75.4%;
HR = 0.63), but also an improvement in the 4-year
OS rate (90% vs. 86, 4%; HR = 0.68; p = 0.009) [25].

The most important controversy regarding adju-
vant treatment with olaparib is related to the im-
possibility of postoperative use of capecitabine in
patients who did not achieve the pCR after preop-
erative chemotherapy. This problem is particularly
important in TNBC patients, for whom the pres-
ence of residual disease is associated with a sig-
nificant and considerable worsening of the progno-
sis, and currently, the only options with a proven
beneficial effect on overall survival are postopera-
tive capecitabine-based chemotherapy or treatment
with olaparib. Capecitabine in this indication is reim-
bursed in Poland, and currently (June 2023) olaparib
is not reimbursed from public funds in this indication.
Of course, the impact on prognosis improvement of
both treatments cannot be directly compared, and it
is not known which option is more effective. In the
OlympiA study, half of the patients received preop-
erative chemotherapy, and most of them were diag-
nosed with TNBC. The absolute benefit of olaparib in
this subgroup in terms of the 4-year overall survival
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rate was 7.57 percentage points (86% vs. 78.5%) and
in terms of the 4-year invasive disease-free survival
rate — 9.47 percentage points (77% vs. 67.6%). In the
CREATE-X study, one-third of patients had TNBC,
but their BRCA mutation status was unknown [8]. In
that subgroup, the absolute benefit in terms of the
5-year overall survival rate was 9 percentage points
(79% vs. 70%), and in terms of the 5-year disease-
free survival rate 14 percentage points (70% vs. 56%).
Since both methods improve the prognosis but cannot
be combined due to untested toxicity and lack of data
on additive effectiveness, the question arises whether
it would be beneficial to use both therapies sequen-
tially in patients with a high recurrence risk, starting
from capecitabine. Obviously, the use of olaparib af-
ter chemotherapy with capecitabine is associated with
a long time from surgery to PARPi therapy initia-
tion. On the other hand, the effectiveness of olaparib
was also demonstrated in the subgroup of patients re-
ceiving adjuvant chemotherapy in the OlympiA trial
(4-year IDFS rate: HR = 0.618; 95% CI 0.425–0.888)
[25]. Of course, the use of this type of sequence is also
based on the assumption of the additive effect of both
drugs, but such an assumption seems to have a rational
basis.

As mentioned earlier, additional uncertainty is re-
lated to the possible combination of immunotherapy
and PARP inhibitors in perioperative treatment. In the
cited pivotal studies of pembrolizumab and olaparib,
there are no data allowing for assessment of effective-
ness and safety of combining these methods.

So far, only olaparib has been registered for treat-
ment of patients with early breast cancer, but other
drugs from this group have also been evaluated in pe-
rioperative treatment. The phase III BrighTNess study
aimed to assess the value of adding carboplatin to-
gether with veliparib or alone to paclitaxel used in se-
quential preoperative chemotherapy in TNBC patients
[26]. Treatment with veliparib was not associated with
an additional benefit, either in the overall group or
in BRCA mutation carriers. In turn, the single-arm
phase II NEOTALA study assessed the effectiveness
and safety of talazoparib in preoperative treatment in
48 patients with a germline BRCA1/2 mutation [27].
All patients were diagnosed with TNBC, the pCR was
achieved in 45% of patients, and the toxicity of PARP
inhibitor monotherapy was moderate.

Treatment of patients
with metastatic/advanced TNBC

Standard chemotherapy
Until recently, systemic treatment of advanced TNBC
was limited only to standard chemotherapy. The only
controversial issues concerned presumably greater ac-
tivity of platinum derivatives compared to other cy-
totoxic drugs. The study that largely verified this

hypothesis was TNT [28]. The aim of this random-
ized phase III study was, among others, a compari-
son of effectiveness of carboplatin and docetaxel in
palliative treatment in molecularly unselected patients
with advanced TNBC. The study included 376 pa-
tients previously treated with an anthracycline. The
primary endpoint was the objective response rate
(ORR). Molecular testing was performed to identify
biomarkers associated with the effectiveness of in-
dividual drugs, including, among others, the pres-
ence of germline and somatic BRCA1/2 mutations,
methylation status of BRCA1 in tumor cells, BRCA1
mRNA expression, and mutational signatures indicat-
ing a DNA damage repair (DDR) deficiency (DDR-d)
by homologous recombination. Germline BRCA1 mu-
tations were found in 8.2% of patients, BRCA2 in 3%
of patients, and in 16% of study participants, the test
was not performed. Somatic BRCA1/2 mutations were
found in 4% of breast tumors examined.

In unselected TNBC patients no significant dif-
ferences were found in the effectiveness of carbo-
platin and docetaxel, neither in the objective response
rate (31.4% vs. 34%, p = 0.66), nor in progression-
free survival (PFS) and overall survival. Similarly,
there was no difference in the response rate in pa-
tients without a germline mutation (28% vs. 34.5%,
p = 0.30). However, in carriers of a germline mutation,
carboplatin turned out to be significantly more effec-
tive than docetaxel in terms of objective responses
(68% vs. 33%, p = 0.03) and PFS (median 6.8 months
vs. 4.4 months, p = 0.002). There was no difference
in OS.

The results of the TNT study indicate that advanced
TNBC has a poor prognosis with median PFS for first-
line chemotherapy of approximately 4 months and
median overall survival of approximately 1 year.

New drugs
All newly registered drugs in palliative care of TNBC
patients are targeted at molecular targets, even though
this subtype of breast cancer was originally distin-
guished by the negation of traditional targets for anti-
cancer drugs, i.e. hormone receptors and HER2 over-
expression. Progress in pharmacotherapy was made
possible by finding new targets or redefining old drug
targets.

For patients with a germline BRCA1/2 mutation,
constituting approximately 12% of the TNBC popula-
tion, two PARP inhibitors have been registered for use
in monotherapy, of which talazoparib is reimbursed
from public funds in Poland (as of June 2023).

Another drug registered and reimbursed in our
country is sacituzumab govitecan, a cytotoxic drug
conjugate with an antibody targeting the TROP-2
membrane receptor. This receptor is expressed in can-
cer cells in almost all patients, which means there is
no need to determine it when planning treatment.
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Figure 3. New options for targeted treatment in patients with advanced triple-negative breast cancer (TNBC) (as of June 2023); ↑ —
statistically significant greater benefit from a given therapy; CHT – chemotherapy; gBRCAm+ — patients with germline BRCA mutation;
HER2 “low” — low HER2 expression (immunohistochemical reaction 1+ or 2+ and no HER2 amplification); NS — not significant; ORR —
objective response rate; OS— overall survival; PFS — progression-free survival

Pembrolizumab in combination with first-line
chemotherapy is also registered and reimbursed from
July 1, 2023, but only in patients with confirmed
PD-L1 expression and a combined positive score
(CPS) of at least 10.

The latest registration concerns trastuzumab derux-
tecan in patients with low HER2 expression. The
DESTINY-Breast04 study included very few patients
with tumors without HR expression. However, even in
20% of TNBC patients, low HER2 expression can be
expected [29]. New options for targeted treatment in
patients with advanced TNBC (as of June 2023) are
summarized in Figure 3.

PARP inhibitors
In the treatment of patients with metastatic/advanced
breast cancer with a germline BRCA1/2 mutation and
without HER2 overexpression, talazoparib and ola-
parib have been registered so far, of which talazoparib
is reimbursed in Poland (as of June 2023).

A pivotal study with talazoparib was the random-
ized phase III EMBRACA study, [30] aimed at com-
paring the effectiveness of talazoparib (1 mg daily,
orally) and the investigator’s choice chemotherapy
(capecitabine, eribulin, gemcitabine, or vinorelbine).
The primary endpoint of the study was PFS, and

secondary endpoints included OS and ORR. The
study included 431 patients who could have previ-
ously received no more than three lines of palliative
chemotherapy and had previously been treated with
a taxoid and anthracycline unless they had contraindi-
cations to such therapy. Previous treatment with a plat-
inum derivative was allowed as long as no progres-
sion was observed during therapy and up to 8 weeks
after its completion. Previous hormone therapy was
possible without restrictions, and patients with sta-
ble brain metastases could also participate in the
study. Triple-negative breast cancer was diagnosed in
44% of patients participating in the study, germline
BRCA1mutation was present in 45% of patients (the
remaining had the BRCA2 mutation), 18% of patients
had previously received platinum-based chemother-
apy, and 75% of patients had received at most first-line
palliative chemotherapy.

Talazoparib turned out to be significantly more
effective than chemotherapy in terms of PFS
(8.6 months vs. 5.6 months; HR = 0.54; p < 0.001)
and the objective response rate (63% vs. 27%;
OR = 5.0; p < 0.001). After a longer follow-up
(median 45 months), there was no difference in OS
(median 19.3 months vs. 19.5 months; HR = 0.85;
p = 0.17), in the subgroup analysis, these results were
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consistent for patients with TNBC and hormone-
sensitive BC [31]. Hematological toxicity of G3–4
severity (mainly anemia) occurred more frequently
in patients taking talazoparib (55% vs. 38%). Non-
hematological toxicity of G3–4 severity occurred
with a similar frequency, i.e. 32% and 38%, respec-
tively. Talazoparib treatment was discontinued due to
toxicity in 6% of patients [30].

OlympiAD, a pivotal study of olaparib, had a simi-
lar design to the EMBRACA study [32]. It included
302 patients with advanced cancer with a germline
BRCA1/2 mutation and without HER2 overexpres-
sion, who have so far received up to two lines of
palliative chemotherapy. Patient characteristics were
similar: 49% of patients had TNBC, germline BRCA1
mutation was present in 56% of patients, 28% had pre-
viously received platinum-based chemotherapy, and
71% of patients had received at most one line of pal-
liative chemotherapy.

It was shown that olaparib prolonged PFS com-
pared to standard chemotherapy (median 7 months
vs. 4.2 months; HR = 0.58; p < 0.001) and increased
the objective response rate (60% vs. 29%). In the
OlympiAD study, there was also no significant dif-
ference in OS in patients receiving a PARP inhibitor
compared to patients receiving standard chemother-
apy (median 19.3 months vs. 17 months, HR = 0.90;
p = 0.513) [33]. In the subgroup analysis, there was no
effect on OS in both patients with triple-negative and
hormone-sensitive breast cancer. Perhaps a greater
benefit from olaparib administration could have oc-
curred in patients who had not previously undergone
palliative chemotherapy at all (HR = 0.51; 95% CI
0.29–0.90).

The toxicity of olaparib reported in the OlympiAD
study was similar to that caused by talazoparib. Ola-
parib treatment was discontinued due to toxicity in 5%
of patients.

In the patient population defined above, veliparib
or placebo in combination with carboplatin and pa-
clitaxel were also evaluated in the phase III BRO-
CADE3 trial [34]. If chemotherapy was discontin-
ued due to toxicity, patients could continue treatment
with a PARP inhibitor until progression. It was shown
that veliparib added to chemotherapy prolonged
progression-free survival (median 14.5 months vs.
12.6 months; HR = 0.71; p = 0.0016). However, de-
spite its relatively low toxicity, the preparation has
not yet been registered due to its limited effectiveness
compared to PARP inhibitors used in monotherapy.

Sacituzumab govitecan
Sacituzumab govitecan was registered for the treat-
ment of TNBC patients based on the results of the
phase III randomized ASCENT study [35]. This study
aimed to compare the effectiveness of an anti-TROP-2
antibody conjugate with the active metabolite of

irinotecan SN38 (10 mg/kg body weight IV on days
1 and 8 every 21 days) to the investigator’s choice
chemotherapy (eribulin, vinorelbine, capecitabine, or
gemcitabine). The study included 468 patients with
advanced TNBC after previous treatment with tax-
ane and at least two lines of palliative chemotherapy.
The primary endpoint was PFS (patients with stable
brain metastases were excluded from the main analy-
sis), and secondary endpoints included OS, response
rate, and safety. A germline BRCA1/2 mutation was
found in 7% of patients included in the study. The me-
dian number of previous lines of systemic treatment
was 3; 71% of patients had received two to three lines
of chemotherapy, 82% of patients had previously re-
ceived anthracycline, 7% a PARP inhibitor, and 27%
immunotherapy.

The new drug turned out to be significantly more
effective compared to standard chemotherapy, both
in terms of PFS (median 5.6 months vs. 1.7 months;
HR = 0.41; p < 0.001) and OS (median 12 months
vs. 6.7 months; HR = 0.48; p < 0.001), and the ob-
jective response rate (35% vs. 5%). In the subgroup
of approximately 60 patients with stable brain metas-
tases, median PFS (2.8 months vs. 1.6 months), OS
(6 months vs. 7.5 months), and the objective response
rate (3% vs. 0%) suggest that sacituzumab govitecan
may have similar activity to chemotherapy in these pa-
tients [36].

Treatment-related toxicity of at least grade 3 sever-
ity was higher in patients in the experimental arm,
and more hematological complications were recorded
(neutropenia 51% vs. 33%, febrile neutropenia 6%
vs. 2%). Diarrhea was also a problem and occurred in
10% of patients [35]. It should be remembered that,
as in the case of irinotecan, atropine is used to treat
this side effect. G3 pneumonia occurred in a patient
receiving sacituzumab. There were three deaths re-
lated to adverse events in each arm, and none were
associated with the sacituzumab govitecan treatment.

Irinotecan derivative SN-38, with which the
anti-TROP-2 antibody is conjugated, is metabo-
lized by uridine diphosphate glucuronosyl transferase
(UGT1A1). In some patients (approximately 20% of
the Black population, 10% of the white population,
and 2% of the East Asian population), there is a ge-
netically determined reduced activity of this enzyme.
These people may experience severe side effects, and
it is advisable to modify the dose of the drug. Sim-
ilarly, severe toxicity may occur in patients taking
concurrently UGT1A1 inhibitors (e.g. propofol, keto-
conazole, EGFR kinase inhibitors). On the other hand,
in patients taking concomitantly UGT1A1 inducers
(e.g. carbamazepine, phenytoin, rifampicin, ritonavir,
tipranavir), exposure to the active metabolite may be
much lower than expected, which may result in lower
efficacy [37].
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An exploratory analysis was performed to assess
the effectiveness of the conjugate in subgroups of
patients with high, medium, and low TROP-2 ex-
pression and in patients without and with a germline
BRCA1/2 mutation. TROP-2 expression in cancer cell
membranes was assessed immunohistochemically in
290 tumors (H-score: range 0–300). The receptor was
not detected in only 4% of patients, low expression
occurred in 16% of patients (H-score: 0–99), moder-
ate expression in 26% (H-score: 100–200), and high
expression in 54% of patients (H-score: 201–300).
The BRCA gene status was assessed in 292 patients,
and germline mutations were detected in 12%. Saci-
tuzumab was shown to be active in all groups evalu-
ated [38].

In February 2023, the US Food and Drug Admin-
istration (FDA) registered sacituzumab govitecan also
for patients with unresectable or metastatic hormone-
sensitive breast cancer based on the results of the
TROPICS02 study [39].

Immunotherapy
Pembrolizumab was registered in patients with ad-
vanced TNBC based on the results of the double-
blind, randomized phase III KEYNOTE-355 study
[40]. It aimed at evaluating the value of pem-
brolizumab added to first-line palliative chemotherapy
with nab-paclitaxel (32%), paclitaxel (13%), or KG
regimen (55%). The study included 847 patients with
advanced TNBC who had not previously received pal-
liative chemotherapy. The study could include patients
with a relapse that occurred at least 6 months after
completion of radical treatment, and the presence of
stable brain metastases was also allowed. If taxoid,
gemcitabine, or a platinum derivative were used in the
perioperative chemotherapy regimen, recurrence had
to occur at least 1 year after treatment completion.

The primary endpoints were PFS and OS as-
sessed hierarchically in patients with PD-L1 expres-
sion ≥ 10, in patients with PD-L1 expression ≥ 1,
and finally in all subjects included in the study. PD-L1
expression was expressed as the combined positive
score (CPS), i.e. the ratio of the number of cells
with PD-L1 expression (tumor cells, lymphocytes,
and macrophages infiltrating the tumor) to the num-
ber of all tumor cells (regardless of PD-L1 expression)
multiplied by 100. In 25% of patients, PD-L1 expres-
sion was less than 1, and 38% had PD-L1 expression
greater than or equal to 10.

In patients with CPS ≥ 10 receiving pem-
brolizumab, a significant prolongation of PFS (me-
dian 9.7 months vs. 5.6 months; HR = 0.65;
p = 0.0012; threshold of statistical significance
equal to 0.00411) and OS (median 23 months vs.
16.1 months; HR = 0.73; p = 0.0185; threshold of
statistical significance equal to 0.0227) were shown.
No statistically significant difference in PFS and OS

was observed in patients with lower PD-L1 expres-
sion or in all patients (formally, the research hypothe-
ses were not evaluated in the latter group). The objec-
tive response rate was 53% vs. 41%, 45% vs. 39%, and
41% vs. 37%, respectively.

Treatment-related adverse events of at least grade 3
severity occurred in approximately 70% of patients
in both arms. Immune-related AEs of this severity
were observed in 5% of patients treated with pem-
brolizumab, mainly skin, lungs, thyroid gland, and in-
testine toxicity. In patients receiving immunotherapy,
two deaths were reported due to treatment complica-
tions: one due to renal failure and one due to pneumo-
nia.

Pembrolizumab was registered in combination
with first-line chemotherapy in patients with advanced
TNBC with PD-L1 expression in the tumor tissue and
a CPS ≥ 10. The drug is reimbursed from public funds
in Poland for this indication from July 1, 2023.

In addition to the KEYNOTE-355 study, other
studies have also assessed the value of immunother-
apy.

The phase III randomized KEYNOTE-119 study
compared the effectiveness of pembrolizumab
monotherapy with chemotherapy (capecitabine,
eribulin, gemcitabine, or vinorelbine) in the sec-
ond or third line of palliative treatment of TNBC
patients [41]. The primary endpoint was OS as-
sessed in patients with PD-L1 expression and
a CPS ≥ 10, in patients with a CPS ≥ 1, and in all
patients. Pembrolizumab was not more effective than
chemotherapy.

Another immunological drug with conflicting re-
sults is atezolizumab. The phase III IMpassion130
trial assessed the value of this antibody added to nab-
paclitaxel (nab-P) in the first-line treatment [42]. The
primary endpoints were PFS in all patients and pa-
tients with PD-L1 expression, and OS assessed in all
patients and, if a significant difference was found,
also in patients with PD-L1 expression. PD-L1 ex-
pression was assessed in tumor-infiltrating immune
cells as a percentage of the tumor area involved (ex-
pression < 1% was considered negative and expres-
sion ≥ 1% was positive).

There was a benefit from adding atezolizumab to
chemotherapy in terms of PFS in all patients (median
7.2 months vs. 5.5 months; HR = 0.80; p = 0.002)
and in patients with PD-L1 expression (7.5 months vs.
5 months; HR = 0.62; p < 0.001). Atezolizumab did
not prolong OS in all patients (median 21 months vs.
18.7 months; HR = 0.87; p = 0.077). In an exploratory
analysis (formally, no hypothesis testing was planned
in this group), a difference was found in OS in pa-
tients with PD-L1 expression (median 25.4 months vs.
18 months; HR = 0.67; 95% CI 0.53–0.86) [43].

Another randomized, phase III IMpassion131
study assessed the value of adding atezolizumab to
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first-line chemotherapy with paclitaxel [44]. Taking
into account the results of IMpassion 130, the primary
endpoint was PFS evaluated hierarchically in patients
with PD-L1 expression and then in all patients. The
secondary endpoint was OS. There was no effect of
atezolizumab on either PFS or OS. For this reason, de-
spite the previous registration of atezolizumab for pal-
liative treatment in TNBC patients, it was ultimately
withdrawn.

Taking into account the results of these studies, the
question of the value of immunotherapy in palliative
treatment seems unresolved definitely. There are no
data demonstrating the value of immunotherapy in pa-
tients previously undergoing palliative chemotherapy.
In contrast, adding an immunological drug to first-line
chemotherapy provides conflicting results. Such ther-
apy may be beneficial in selected patients, but there
are no good predictive factors. Currently, the qualifi-
cation criterion for pembrolizumab treatment is high
PD-L1 expression. On the other hand, there is no con-
sistency in the method of this factor assessment.

The biomarker analysis conducted in patients in-
cluded in the IMpassion130 study showed that the
benefit of adding atezolizumab to nab-paclitaxel may
be seen in patients with tumor-infiltrating lympho-
cytes (TILs) CD8+ in the tumor and stroma and
PD-L1 expression [45]. Germline BRCA1/2 mutations
were detected in 14.5% of patients participating in the
study, and their presence did not determine the PFS
benefit of adding atezolizumab to nab-paclitaxel in pa-
tients with PD-L1 expression.

In a representative sample of patients from the
IMpassion131 study (471 out of 651), molecular sub-
types of tumors were assessed as part of the ex-
ploratory analysis according to the Burstein classifi-
cation mentioned above [46]. The BLIA subtype was
identified in 30% of the tumors examined, BLIS in
41%, LAR in 24%, and MES in 5%. The results of the
analysis indicated the benefit of adding atezolizumab
to paclitaxel in terms of PFS in patients with the BLIA
subtype (HR = 0.66; 95% CI 0.45–0.97). Interest-
ingly, in the KEYNOTE-119 study, biomarker assess-
ment also indicated that high lymphocyte infiltration
in the tumor was associated with greater effective-
ness of pembrolizumab, but not chemotherapy [47].
All these observations suggest greater effectiveness of
immunotherapy in patients with a rich infiltration
of immune cells in the tumor microenvironment. This
gives hope that finding a better way to select patients
for immunotherapy will help to use better drugs from
this group.

Trastuzumab deruxtecan
The drug is used in breast cancer patients if the HER2
receptor is present in cancer cell membranes. A situa-
tion in which HER2 expression is demonstrated but
the criteria for overexpression are not met is called

low HER2 expression (HER2-low). This applies to
patients with an immunohistochemical reaction of 1+
or 2+ and no gene amplification [29].

The randomized phase III Destiny-Breast04 trial
included 557 patients with advanced breast cancer
with low HER2 expression and any expression of hor-
mone receptors [48]. These were patients who had
previously received one or two lines of chemother-
apy (palliative or perioperative if the time to recur-
rence was shorter than 6 months) and at least one
line of hormone therapy if the presence of hormone
receptors was detected in the tumor. Stable brain
metastases were allowed. Patients were allocated to
two arms in a 2:1 ratio and received trastuzumab
deruxtecan (5.4 mg/kg body weight every 3 weeks) or
the investigator’s choice chemotherapy (capecitabine,
eribulin, gemcitabine, paclitaxel, or nab-paclitaxel).
The primary endpoint was PFS in patients with hor-
mone receptor expression, and the secondary end-
points included PFS in all patients, OS in patients
with hormone receptor expression and in the en-
tire population. The vast majority of patients in-
cluded in the study (89%) expressed hormone re-
ceptors. A significant prolongation of PFS (median
10 months vs. 5.4 months; HR = 0.51; p < 0.001) and
OS (median 24 months vs. 17.5 months; HR = 0.64;
p = 0.003) was demonstrated in this group after use
of trastuzumab deruxtecan as compared to standard
chemotherapy. The benefit of the experimental ther-
apy was also observed in all patients. The study in-
cluded only 58 patients without the expression of hor-
mone receptors, i.e. with TNBC. However, as com-
pared to standard chemotherapy, median PFS in this
group was 8.5 months vs. 3 months (HR = 0.46;
95% CI; 0.24–0.89), and OS 18 months vs. 8 months
(HR = 0.48; 95% CI 0.24–0.95).

A higher objective response rate was observed in
patients receiving trastuzumab deruxtecan compared
with chemotherapy. This concerned the entire pop-
ulation included in the study, patients with the ex-
pression of hormone receptors and patients without
their expression (52% vs. 16%, 53% vs. 16%, and
50% vs. 17%, respectively).

Adverse events of at least grade 3 severity occurred
in a slightly lower percentage of patients receiving the
conjugate (53% vs. 67%). In 12% of patients treated
with trastuzumab deruxtecan interstitial pneumonitis
occurred, and 3 patients died because of it. Left ven-
tricular dysfunction was observed in 4.6% of patients
receiving anti-HER2 drug, and G2/G3 reduced ejec-
tion fraction in 12% and 1.5% of patients, respec-
tively.

The results of the Destiny-Breast04 study became
the basis for the registration of trastuzumab deruxte-
can in early 2023 as monotherapy in palliative treat-
ment of breast cancer patients with low HER2 expres-
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sion who have previously received palliative or adju-
vant chemotherapy if relapse occurred during its du-
ration or within 6 months of its completion.

Targets for molecularly targeted drugs in
patients with triple-negative cancer

BRCA mutations
PARP inhibitors are approved for the treatment of
breast cancer patients with pathogenic or likely
pathogenic germline BRCA1/2 mutations. Such muta-
tions occur in approximately 5% of unselected breast
cancer patients and in 15–17% of TNBC patients [28].
The risk of their occurrence is greater in patients
with a family history of breast cancer, younger than
50 years of age, with synchronous or metachronous
disease of the contralateral breast or ovarian cancer,
and in ethnic groups with a high incidence of the so-
called founder mutations [49]. Patients with germline
BRCA1 mutations are predisposed to TNBC, and the
median age of onset is approximately 41 years. Hor-
mone receptor-positive cancers are more likely to de-
velop in BRCA2 mutation carriers, and the median age
is approximately 49 years. In patients with infiltrating
breast cancers, somatic BRCA1/2 mutations can also
be found, which are twice as rare as germline muta-
tions [28, 50]. In the case of somatic mutations, the
phenotype of the tumors is usually the same as in car-
riers of germline mutations, but the age of disease on-
set is typically like in women with sporadic cancer
(approximately 62 years).

Currently, a 2-stage molecular test to detect
a germline BRCA mutation is recommended in Poland
[51]. The results of the study by Kowalik et al. [52]
published in 2018 were used to establish such an algo-
rithm. It aimed to assess the value of next-generation
sequencing (NGS) in detecting germline BRCA1/2
mutations in the Polish population. The authors in-
cluded 2931 patients referred for genetic testing at the
oncology center in Kielce. In the first stage, patients
were screened using the high-resolution melting poly-
merase chain reaction (HRM-PCR) method to iden-
tify founder mutations and the most common ones in
the Polish population. In total 103 (3.5%) mutations
were detected, including 53 (51%) in healthy carri-
ers and 50 (49%) in patients diagnosed with cancer.
In the second stage, in 454 (16%) individuals with-
out founder mutations and meeting strict clinical and
family burden criteria, sequencing of all BRCA1/2 ex-
ons was performed using the NGS technique. In to-
tal 58 mutations (12.8%) were detected, of which 40
(8.8%) were pathogenic, 14 (3.1%) were of unknown
clinical significance, and 4 (0.9%) were determined as
non-pathogenic. In conclusion, the screening allowed
for the detection of 64% of pathogenic germline mu-
tations, and for detection of remaining mutations, the
NGS technique was necessary.

Figure 4 summarizes current recommendations for
testing patients and their family members for germline
BRCA1/2 mutation and the potential application of
knowledge about the mutation burden in diagnostic,
therapeutic, and preventive management.

It should be mentioned that the results of another
open, non-randomized phase II study indicate the ac-
tivity of olaparib in patients with advanced breast can-
cer with somatic BRCA1/2 mutations (median PFS
6.3 months; ORR 50%) and with germline PALB2 mu-
tations (median PFS 13.3 months; ORR 82%) [50].
However, these encouraging results require confirma-
tion. Then, in breast cancer patients, PARP inhibitors
could be indicated in a broader group, as in the case
of ovarian or prostate cancers.

TROP-2
Membrane receptor TROP-2, which was originally
discovered in trophoblast cells, is a molecular tar-
get for sacituzumab govitecan [53]. Currently, 4 pro-
teins from this family are known (TROP-1, -2, -3,
and -4) that are expressed in normal and malignant
trophoblast cells. TROP-2 is a transmembrane pro-
tein that, when activated, causes the release of intra-
cellular calcium stores and participates in the activa-
tion of intracellular signaling pathways. The protein
is expressed in cells of many types of cancer, includ-
ing the majority of breast cancers (>90%). It has been
shown that in patients with various cancers, TROP-2
expression is much higher in tumor tissue compared
to healthy tissue, and in many cases, it is associated
with worse prognosis. The receptor participates in tu-
morigenesis through various mechanisms.

Sacituzumab govitecan is a conjugate of an an-
tibody (IgG1 kappa) directed against TROP-2 and
a topoisomerase I inhibitor SN-38 [35]. The linker
between both elements can be hydrolyzed both be-
fore internalization of the receptor-bound drug and in-
side the cell. SN-38, thanks to its release in the inter-
cellular space and passing beyond the cell membrane
from inside the target cell, can cause a cytotoxic effect
in neighboring cells (even if there is no TROP-2 ex-
pression in their cell membrane). This phenomenon is
called the “bystander” effect.

HER2
The “bystander” effect is also characteristic of ther-
apy with trastuzumab deruxtecan [48]. Thanks to this
property, the drug turned out to be effective in the
treatment of cancers with low HER2 expression, and
a newly defined molecular target, i.e. HER2-low, ap-
peared in breast cancer therapy. This target is more
often present in luminal cancers [29]. It was noticed
that the level of HER2 expression may change over
time. HER2 expression may be increased by cross-
transmission of activation between HER2-dependent
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Figure 4. A. Recommendations for testing breast cancer patients and their familymembers for germline BRCA1/2mutations (in accordance
with themodule I of the National Cancer Control Programof theMinistry of Health [51]). The boxes present the indications for 2-stage genetic
testing; B. Potential use of knowledge about mutation burden in diagnostic, therapeutic, and preventive procedures. The arrows indicate
moments in the therapeutic plan at which knowledge of germline BRCA mutation carrier-state may influence treatment choice; AC/EC —
chemotherapy according to the doxorubicin and cyclophosphamide or epirubicin and cyclophosphamide regimens; SUR— radical surgical
procedure; pCR— pathological complete response; RT — adjuvant radiotherapy

and hormonal receptor-dependent signaling path-
ways. The phenomenon is intensified under the influ-
ence of hormone therapy and is considered one of the
mechanisms of hormone resistance. HER2 expression
may be increased after chemotherapy or radiotherapy
(activation of the NF-kB-dependent pathway), as a re-
sult of epigenetic changes or after stimulation with
stressors. Cancers with variable low HER2 expression
should not be perceived as a separate disease entity;
this molecular target and level of its expression rather
result from various factors affecting the tumor during
the course of the disease. It is estimated that approx-
imately 20% of patients with classic TNBC have low
HER2 expression.

Conclusions
Chemotherapy is the basic method of systemic treat-
ment in patients with triple-negative breast can-
cer. Addition of platinum derivatives to preopera-
tive chemotherapy has been shown to be benefi-
cial in patients without germline BRCA1/2 mutations.
However, in palliative treatment of mutation carri-
ers, platinum-based chemotherapy shows an advan-
tage over a taxoid.

New drugs registered for TNBC patients are, in
fact, targeted therapies. Olaparib has been approved

as monotherapy or in combination with hormonal
therapy in the adjuvant treatment of breast cancer
patients with germline BRCA1/2 mutations, without
HER2 overexpression, and with high risk of relapse.
An unresolved issue about such treatments is the lack
of data on the effectiveness and safety of adjuvant
treatment with capecitabine if the patient did not
achieve the pCR after preoperative chemotherapy.

Two drugs are registered for palliative treatment
in patients with the above-mentioned mutations and
without HER2 overexpression: talazoparib and ola-
parib. Both are indicated for use as monotherapy in
patients previously treated with an anthracycline and
a taxoid (unless there were contraindications) and un-
dergoing hormone therapy in case of positive HR
expression. Currently (June 2023), talazoparib is re-
imbursed in Poland under the drug program of the
Ministry of Health in the first, second, or third treat-
ment lines in TNBC patients and in the second or third
treatment lines in patients with HR expression.

Sacituzumab govitecan is indicated for palliative
treatment of TNBC patients who have previously
received at least two lines of systemic therapy, in-
cluding at least one for advanced disease. In Poland,
the drug is reimbursed under the drug program of the
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Ministry of Health in the second, third, or fourth treat-
ment lines.

The only immune checkpoint inhibitor approved
for the treatment of TNBC patients is pembrolizumab,
which may be used in perioperative treatment. There
are some controversies about the type of preoper-
ative chemotherapy, which was combined with im-
munotherapy in a pivotal study, as well as the lack
of data on safety of combining pembrolizumab with
adjuvant chemotherapy with capecitabine in patients
without pCR after preoperative treatment, and with
olaparib in patients with a BRCA mutation. In the pal-
liative setting, pembrolizumab is added to first-line
chemotherapy in patients with high PD-L1 expression
(CPS ≥ 10). For both indications, pembrolizumab is
reimbursed under the Ministry of Health drug pro-
gram from July 1, 2023.

Trastuzumab deruxtecan has been registered for
palliative treatment in breast cancer patients with low
HER2 expression who have previously received pal-
liative or adjuvant chemotherapy if recurrence oc-
curred during its course or within 6 months of its com-
pletion. This agent is not reimbursed in Poland for now
(in June 2023).

Article Information and Declarations

Author contributions
S.D.-S.: concept and design of the analysis, data collection
and analysis, manuscript preparation; PP: data collec-
tion and analysis, manuscript preparation.

Financing
None.

Acknowledgements
None.

Conflict of interest
S.D.-S. declares no conflict of interest.
P.P. received lecture fees from AstraZeneca and consultancy
fees from MSD.

Supplementary material
None.

References
1. Wolff AC, Hammond ME, Allison KH, et al. HER2 Testing in

Breast Cancer: American Society of Clinical Oncology/College
of American Pathologists Clinical Practice Guideline Focused
Update Summary. J Oncol Pract. 2018; 14(7): 437–441, doi:
10.1200/JOP.18.00206, indexed in Pubmed: 29920138.

2. Burstein MD, Tsimelzon A, Poage GM, et al. Comprehen-
sive genomic analysis identifies novel subtypes and targets
of triple-negative breast cancer. Clin Cancer Res. 2015; 21(7):
1688–1698, doi: 10.1158/1078-0432.CCR-14-0432, indexed in
Pubmed: 25208879.

3. Cardoso F, Kyriakides S, Ohno S, et al. ESMOGuidelines Committee.
Electronic address: clinicalguidelines@esmo.org. Early breast can-
cer: ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up† . Ann Oncol. 2019; 30(8): 1194–1220; Erratum in: Ann
Oncol. 2021; 32(2): 284, doi: 10.1093/annonc/mdz173, indexed in
Pubmed: 31161190.

4. https://www.nccn.org/guidelines/guidelines-detail?category=1&
id=1419.

5. Blum JL, Flynn PJ, Yothers G, et al. Anthracyclines in Early Breast
Cancer: The ABC Trials-USOR 06-090, NSABP B-46-I/USOR 07132,
and NSABP B-49 (NRG Oncology). J Clin Oncol. 2017; 35(23):
2647–2655, doi: 10.1200/JCO.2016.71.4147, indexed in Pubmed:
28398846.

6. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Long-
term outcomes for neoadjuvant versus adjuvant chemotherapy
in early breast cancer: meta-analysis of individual patient data
from ten randomised trials. Lancet Oncol. 2018; 19(1): 27–39, doi:
10.1016/S1470-2045(17)30777-5, indexed in Pubmed: 29242041.

7. Yau C, Osdoit M, van der Noordaa M, et al. I-SPY 2 Trial Con-
sortium. Residual cancer burden after neoadjuvant chemother-
apy and long-term survival outcomes in breast cancer: a mul-
ticentre pooled analysis of 5161 patients. Lancet Oncol. 2022;
23(1): 149–160, doi: 10.1016/S1470-2045(21)00589-1, indexed in
Pubmed: 34902335.

8. Masuda N, Lee SJ, Ohtani S, et al. Adjuvant Capecitabine for
Breast Cancer after Preoperative Chemotherapy. N Engl J Med.
2017; 376(22): 2147–2159, doi: 10.1056/NEJMoa1612645, indexed
in Pubmed: 28564564.

9. Pathak M, Dwivedi S, Deo S, et al. Effectiveness of taxanes over
anthracyclines in neoadjuvant setting: A systematic-review and
meta-analysis. World Journal of Meta-Analysis. 2019; 7(4): 170–183,
doi: 10.13105/wjma.v7.i4.170.

10. Zaheed M, Wilcken N, Willson ML, et al. Sequencing of an-
thracyclines and taxanes in neoadjuvant and adjuvant therapy
for early breast cancer. Cochrane Database Syst Rev. 2019; 2(2):
CD012873, doi: 10.1002/14651858.CD012873.pub2, indexed in
Pubmed: 30776132.

11. Ding Y, Ding K, Yang H, et al. Does dose-dense neoadjuvant
chemotherapy have clinically significant prognostic value in breast
cancer?: A meta-analysis of 3,724 patients. PLoS One. 2020;
15(5): e0234058, doi: 10.1371/journal.pone.0234058, indexed in
Pubmed: 32470093.

12. Poggio F, Bruzzone M, Ceppi M, et al. Platinum-based neoadjuvant
chemotherapy in triple-negative breast cancer: a systematic re-
view and meta-analysis. Ann Oncol. 2018; 29(7): 1497–1508, doi:
10.1093/annonc/mdy127, indexed in Pubmed: 29873695.

13. Poggio F, Tagliamento M, Ceppi M, et al. Adding a platinum agent
to neoadjuvant chemotherapy for triple-negative breast cancer:
the end of the debate. Ann Oncol. 2022; 33(3): 347–349, doi:
10.1016/j.annonc.2021.11.016, indexed in Pubmed: 34861375.

14. Geyer CE, Sikov WM, Huober J, et al. Long-term efficacy
and safety of addition of carboplatin with or without veli-
parib to standard neoadjuvant chemotherapy in triple-negative
breast cancer: 4-year follow-up data from BrighTNess, a ran-
domized phase III trial. Ann Oncol. 2022; 33(4): 384–394, doi:
10.1016/j.annonc.2022.01.009, indexed in Pubmed: 35093516.

15. Loibl S, Weber KE, Timms KM, et al. Survival analysis of car-
boplatin added to an anthracycline/taxane-based neoadjuvant
chemotherapy and HRD score as predictor of response-final re-
sults from GeparSixto. Ann Oncol. 2018; 29(12): 2341–2347, doi:
10.1093/annonc/mdy460, indexed in Pubmed: 30335131.

16. Gupta S, Nair N, Hawaldar R, et al. Abstract GS5-01: Addition of plat-
inum to sequential taxane-anthracycline neoadjuvant chemother-
apy in patients with triple-negative breast cancer: A phase III
randomized controlled trial. Cancer Research. 2023; 83(5_Supple-
ment): GS5-01-GS5–01, doi: 10.1158/1538-7445.sabcs22-gs5-01.

17. Mayer IA, Zhao F, Arteaga CL, et al. Randomized Phase III Postoper-
ative Trial of Platinum-Based Chemotherapy Versus Capecitabine
in Patients With Residual Triple-Negative Breast Cancer Following
Neoadjuvant Chemotherapy: ECOG-ACRIN EA1131. J Clin Oncol.
2021; 39(23): 2539–2551, doi: 10.1200/JCO.21.00976, indexed in
Pubmed: 34092112.

18. Schmid P, Cortes J, Pusztai L, et al. KEYNOTE-522 Investigators. Pem-
brolizumab for Early Triple-Negative Breast Cancer. N Engl J Med.
2020; 382(9): 810–821, doi: 10.1056/NEJMoa1910549, indexed in
Pubmed: 32101663.

14 https://journals.viamedica.pl/oncology_in_clinical_practice

https://doi.org/10.1200/JOP.18.00206
https://www.ncbi.nlm.nih.gov/pubmed/29920138
https://doi.org/10.1158/1078-0432.CCR-14-0432
https://www.ncbi.nlm.nih.gov/pubmed/25208879
https://doi.org/10.1093/annonc/mdz173
https://www.ncbi.nlm.nih.gov/pubmed/31161190
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1419
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1419
https://doi.org/10.1200/JCO.2016.71.4147
https://www.ncbi.nlm.nih.gov/pubmed/28398846
https://doi.org/10.1016/S1470-2045(17)30777-5
https://www.ncbi.nlm.nih.gov/pubmed/29242041
https://doi.org/10.1016/S1470-2045(21)00589-1
https://www.ncbi.nlm.nih.gov/pubmed/34902335
https://doi.org/10.1056/NEJMoa1612645
https://www.ncbi.nlm.nih.gov/pubmed/28564564
https://doi.org/10.13105/wjma.v7.i4.170
https://doi.org/10.1002/14651858.CD012873.pub2
https://www.ncbi.nlm.nih.gov/pubmed/30776132
https://doi.org/10.1371/journal.pone.0234058
https://www.ncbi.nlm.nih.gov/pubmed/32470093
https://doi.org/10.1093/annonc/mdy127
https://www.ncbi.nlm.nih.gov/pubmed/29873695
https://doi.org/10.1016/j.annonc.2021.11.016
https://www.ncbi.nlm.nih.gov/pubmed/34861375
https://doi.org/10.1016/j.annonc.2022.01.009
https://www.ncbi.nlm.nih.gov/pubmed/35093516
https://doi.org/10.1093/annonc/mdy460
https://www.ncbi.nlm.nih.gov/pubmed/30335131
https://doi.org/10.1158/1538-7445.sabcs22-gs5-01
https://doi.org/10.1200/JCO.21.00976
https://www.ncbi.nlm.nih.gov/pubmed/34092112
https://doi.org/10.1056/NEJMoa1910549
https://www.ncbi.nlm.nih.gov/pubmed/32101663
https://journals.viamedica.pl/oncology_in_clinical_practice


Sylwia Dębska-Szmich, Piotr Potemski, Triple-negative breast cancer — treatments

19. Schmid P, Cortes J, Dent R, et al. KEYNOTE-522 Investiga-
tors. Event-free Survival with Pembrolizumab in Early Triple-
Negative Breast Cancer. N Engl J Med. 2022; 386(6): 556–567, doi:
10.1056/NEJMoa2112651, indexed in Pubmed: 35139274.

20. Mittendorf EA, Zhang H, Barrios CH, et al. Neoadjuvant ate-
zolizumab in combination with sequential nab-paclitaxel
and anthracycline-based chemotherapy versus placebo and
chemotherapy in patients with early-stage triple-negative
breast cancer (IMpassion031): a randomised, double-blind,
phase 3 trial. Lancet. 2020; 396(10257): 1090–1100, doi:
10.1016/S0140-6736(20)31953-X, indexed in Pubmed: 32966830.

21. Barrios C, Harbeck N, Zhang HA, et al. LBA1 Final analysis of the
placebo-controlled randomised phase III IMpassion031 trial evalu-
ating neoadjuvant atezolizumab (atezo) plus chemotherapy (CT)
followed by open-label adjuvant atezo in patients (pts) with early-
stage triple-negative breast cancer (eTNBC). ESMO Open. 2023;
8(1): 101571, doi: 10.1016/j.esmoop.2023.101571.

22. Loibl S, Schneeweiss A, Huober J, et al. GBG and AGO-B. Neoadju-
vant durvalumab improves survival in early triple-negative breast
cancer independent of pathological complete response. Ann On-
col. 2022; 33(11): 1149–1158, doi: 10.1016/j.annonc.2022.07.1940,
indexed in Pubmed: 35961599.

23. Geyer C, Loibl S, Rastogi P, et al. NSABP B-59/GBG 96-
GeparDouze: A randomized double-blind phase III clinical trial
of neoadjuvant chemotherapy (NAC) with atezolizumab or
placebo in Patients (pts) with triple negative breast cancer
(TNBC) followed by adjuvant atezolizumab or placebo. Journal
of Clinical Oncology. 2018; 36(15_suppl): TPS603–TPS603, doi:
10.1200/jco.2018.36.15_suppl.tps603.

24. Geyer CE, Garber JE, Gelber RD, et al. OlympiA Clinical Trial Steering
Committee and Investigators, OlympiA Clinical Trial Steering Com-
mittee and Investigators. Adjuvant Olaparib for Patients with - or
-Mutated Breast Cancer. N Engl J Med. 2021; 384(25): 2394–2405,
doi: 10.1056/NEJMoa2105215, indexed in Pubmed: 34081848.

25. Geyer CE, Garber JE, Gelber RD, et al. OlympiA Clinical
Trial Steering Committee and Investigators. Overall survival in
the OlympiA phase III trial of adjuvant olaparib in patients
with germline pathogenic variants in BRCA1/2 and high-risk,
early breast cancer. Ann Oncol. 2022; 33(12): 1250–1268, doi:
10.1016/j.annonc.2022.09.159, indexed in Pubmed: 36228963.

26. Loibl S, O’Shaughnessy J, Untch M, et al. Addition of the PARP
inhibitor veliparib plus carboplatin or carboplatin alone to stan-
dard neoadjuvant chemotherapy in triple-negative breast can-
cer (BrighTNess): a randomised, phase 3 trial. Lancet Oncol. 2018;
19(4): 497–509, doi: 10.1016/S1470-2045(18)30111-6, indexed in
Pubmed: 29501363.

27. Litton J, Beck J, Jones J, et al. Neoadjuvant talazoparib in pa-
tients with germline BRCA1/2 (gBRCA1/2) mutation-positive, early
HER2-negative breast cancer (BC): Results of a phase 2 study.
Journal of Clinical Oncology. 2021; 39(15_suppl): 505–505, doi:
10.1200/jco.2021.39.15_suppl.505.

28. Tutt A, Tovey H, Cheang MC, et al. Carboplatin in BRCA1/2-
mutated and triple-negative breast cancer BRCAness sub-
groups: the TNT Trial. Nat Med. 2018; 24(5): 628–637, doi:
10.1038/s41591-018-0009-7, indexed in Pubmed: 29713086.

29. Tarantino P, Hamilton E, Tolaney SM, et al. HER2-Low Breast Can-
cer: Pathological and Clinical Landscape. J Clin Oncol. 2020; 38(17):
1951–1962, doi: 10.1200/JCO.19.02488, indexed in Pubmed:
32330069.

30. Litton JK, Rugo HS, Ettl J, et al. Talazoparib in Patients with Ad-
vanced Breast Cancer and a Germline BRCA Mutation. N Engl
J Med. 2018; 379(8): 753–763, doi: 10.1056/NEJMoa1802905, in-
dexed in Pubmed: 30110579.

31. Litton JK, Hurvitz SA, Mina LA, et al. Talazoparib versus chemother-
apy in patients with germline BRCA1/2-mutated HER2-negative
advanced breast cancer: final overall survival results from
the EMBRACA trial. Ann Oncol. 2020; 31(11): 1526–1535, doi:
10.1016/j.annonc.2020.08.2098, indexed in Pubmed: 32828825.

32. Robson M, Im SA, Senkus E, et al. Olaparib for Metastatic Breast
Cancer in Patients with a Germline BRCA Mutation. N Engl J Med.

2017; 377(6): 523–533, doi: 10.1056/NEJMoa1706450, indexed in
Pubmed: 28578601.

33. Robson ME, Tung N, Conte P, et al. OlympiAD final overall sur-
vival and tolerability results: Olaparib versus chemotherapy treat-
ment of physician’s choice in patients with a germline BRCAmuta-
tion andHER2-negativemetastatic breast cancer. AnnOncol. 2019;
30(4): 558–566, doi: 10.1093/annonc/mdz012, indexed in Pubmed:
30689707.

34. Diéras V, Han HS, Kaufman B, et al. Veliparib with carbo-
platin and paclitaxel in BRCA-mutated advanced breast can-
cer (BROCADE3): a randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol. 2020; 21(10): 1269–1282, doi:
10.1016/S1470-2045(20)30447-2, indexed in Pubmed: 32861273.

35. Bardia A, Hurvitz SA, Tolaney SM, et al. ASCENT Clinical Trial In-
vestigators. Sacituzumab Govitecan in Metastatic Triple-Negative
Breast Cancer. N Engl J Med. 2021; 384(16): 1529–1541, doi:
10.1056/NEJMoa2028485, indexed in Pubmed: 33882206.

36. Diéras V, Weaver R, Tolaney S, et al. Abstract PD13-07: Sub-
group analysis of patients with brain metastases from the
phase 3 ASCENT study of sacituzumab govitecan versus
chemotherapy in metastatic triple-negative breast cancer. Can-
cer Research. 2021; 81(4_Supplement): PD13-07-PD13–07, doi:
10.1158/1538-7445.sabcs20-pd13-07.

37. Wahby S, Fashoyin-Aje L, Osgood CL, et al. FDA Approval
Summary: Accelerated Approval of Sacituzumab Govitecan-
hziy for Third-line Treatment of Metastatic Triple-negative
Breast Cancer. Clin Cancer Res. 2021; 27(7): 1850–1854, doi:
10.1158/1078-0432.CCR-20-3119, indexed in Pubmed: 33168656.

38. Bardia A, Tolaney SM, Punie K, et al. Biomarker analyses in
the phase III ASCENT study of sacituzumab govitecan versus
chemotherapy in patients with metastatic triple-negative
breast cancer. Ann Oncol. 2021; 32(9): 1148–1156, doi:
10.1016/j.annonc.2021.06.002, indexed in Pubmed: 34116144.

39. Tolaney S, Bardia A, Marmé F, et al. Final overall survival (OS) anal-
ysis from the phase 3 TROPiCS-02 study of sacituzumab govite-
can (SG) in patients (pts) with hormone receptor–positive/HER2-
negative (HR+/HER2–) metastatic breast cancer (mBC). Jour-
nal of Clinical Oncology. 2023; 41(16_suppl): 1003–1003, doi:
10.1200/jco.2023.41.16_suppl.1003.

40. Cortes J, Cescon DW, Rugo HS, et al. KEYNOTE-355 Inves-
tigators. Pembrolizumab plus chemotherapy versus placebo
plus chemotherapy for previously untreated locally recur-
rent inoperable or metastatic triple-negative breast cancer
(KEYNOTE-355): a randomised, placebo-controlled, double-blind,
phase 3 clinical trial. Lancet. 2020; 396(10265): 1817–1828, doi:
10.1016/S0140-6736(20)32531-9, indexed in Pubmed: 33278935.

41. Winer EP, Lipatov O, Im SA, et al. KEYNOTE-119 investi-
gators. Pembrolizumab versus investigator-choice chemother-
apy for metastatic triple-negative breast cancer (KEYNOTE-119):
a randomised, open-label, phase 3 trial. Lancet Oncol. 2021;
22(4): 499–511, doi: 10.1016/S1470-2045(20)30754-3, indexed in
Pubmed: 33676601.

42. Schmid P, Adams S, Rugo HS, et al. IMpassion130 Trial Inves-
tigators. Atezolizumab and Nab-Paclitaxel in Advanced Triple-
Negative Breast Cancer. N Engl J Med. 2018; 379(22): 2108–2121,
doi: 10.1056/NEJMoa1809615, indexed in Pubmed: 30345906.

43. Emens LA, Adams S, Barrios CH, et al. First-line atezolizumab
plus nab-paclitaxel for unresectable, locally advanced, or
metastatic triple-negative breast cancer: IMpassion130 final
overall survival analysis. Ann Oncol. 2021; 32(8): 983–993, doi:
10.1016/j.annonc.2021.05.355.

44. Miles D, Gligorov J, André F, et al. IMpassion131 investigators.
Primary results from IMpassion131, a double-blind, placebo-
controlled, randomised phase III trial of first-line paclitaxel
with or without atezolizumab for unresectable locally ad-
vanced/metastatic triple-negative breast cancer. Ann Oncol. 2021;
32(8): 994–1004, doi: 10.1016/j.annonc.2021.05.801, indexed in
Pubmed: 34219000.

45. Emens LA, Molinero L, Loi S, et al. Atezolizumab and nab-
Paclitaxel in Advanced Triple-Negative Breast Cancer: Biomarker

https://journals.viamedica.pl/oncology_in_clinical_practice 15

https://doi.org/10.1056/NEJMoa2112651
https://www.ncbi.nlm.nih.gov/pubmed/35139274
https://doi.org/10.1016/S0140-6736(20)31953-X
https://www.ncbi.nlm.nih.gov/pubmed/32966830
https://doi.org/10.1016/j.esmoop.2023.101571
https://doi.org/10.1016/j.annonc.2022.07.1940
https://www.ncbi.nlm.nih.gov/pubmed/35961599
https://doi.org/10.1200/jco.2018.36.15_suppl.tps603
https://doi.org/10.1056/NEJMoa2105215
https://www.ncbi.nlm.nih.gov/pubmed/34081848
https://doi.org/10.1016/j.annonc.2022.09.159
https://www.ncbi.nlm.nih.gov/pubmed/36228963
https://doi.org/10.1016/S1470-2045(18)30111-6
https://www.ncbi.nlm.nih.gov/pubmed/29501363
https://doi.org/10.1200/jco.2021.39.15_suppl.505
https://doi.org/10.1038/s41591-018-0009-7
https://www.ncbi.nlm.nih.gov/pubmed/29713086
https://doi.org/10.1200/JCO.19.02488
https://www.ncbi.nlm.nih.gov/pubmed/32330069
https://doi.org/10.1056/NEJMoa1802905
https://www.ncbi.nlm.nih.gov/pubmed/30110579
https://doi.org/10.1016/j.annonc.2020.08.2098
https://www.ncbi.nlm.nih.gov/pubmed/32828825
https://doi.org/10.1056/NEJMoa1706450
https://www.ncbi.nlm.nih.gov/pubmed/28578601
https://doi.org/10.1093/annonc/mdz012
https://www.ncbi.nlm.nih.gov/pubmed/30689707
https://doi.org/10.1016/S1470-2045(20)30447-2
https://www.ncbi.nlm.nih.gov/pubmed/32861273
https://doi.org/10.1056/NEJMoa2028485
https://www.ncbi.nlm.nih.gov/pubmed/33882206
https://doi.org/10.1158/1538-7445.sabcs20-pd13-07
https://doi.org/10.1158/1078-0432.CCR-20-3119
https://www.ncbi.nlm.nih.gov/pubmed/33168656
https://doi.org/10.1016/j.annonc.2021.06.002
https://www.ncbi.nlm.nih.gov/pubmed/34116144
https://doi.org/10.1200/jco.2023.41.16_suppl.1003
https://doi.org/10.1016/S0140-6736(20)32531-9
https://www.ncbi.nlm.nih.gov/pubmed/33278935
https://doi.org/10.1016/S1470-2045(20)30754-3
https://www.ncbi.nlm.nih.gov/pubmed/33676601
https://doi.org/10.1056/NEJMoa1809615
https://www.ncbi.nlm.nih.gov/pubmed/30345906
https://doi.org/10.1016/j.annonc.2021.05.355
https://doi.org/10.1016/j.annonc.2021.05.801
https://www.ncbi.nlm.nih.gov/pubmed/34219000
https://journals.viamedica.pl/oncology_in_clinical_practice


Evaluation of the IMpassion130 Study. J Natl Cancer Inst. 2021;
113(8): 1005–1016, doi: 10.1093/jnci/djab004, indexed in Pubmed:
33523233.

46. André F, Deurloo R, Qamra A, et al. Abstract PD10-05: Activ-
ity of atezolizumab (atezo) plus paclitaxel (pac) in metastatic
triple-negative breast cancer (mTNBC) according to Burstein
molecular subtype: Analysis of the IMpassion131 trial. Can-
cer Res. 2022; 82(4_Supplement): PD10-05-PD10–05, doi:
10.1158/1538-7445.sabcs21-pd10-05.

47. Loi S, Winer E, Lipatov O, et al. Abstract PD5-03: Relationship
between tumor-infiltrating lymphocytes (TILs) and outcomes in
the KEYNOTE-119 study of pembrolizumab vs chemotherapy
for previously treated metastatic triple-negative breast cancer
(mTNBC). Cancer Res. 2020; 80(4_Supplement): PD5-03-PD5–03,
doi: 10.1158/1538-7445.sabcs19-pd5-03.

48. Modi S, Jacot W, Yamashita T, et al. DESTINY-Breast04 Trial Investi-
gators. Trastuzumab Deruxtecan in Previously Treated HER2-Low
Advanced Breast Cancer. N Engl J Med. 2022; 387(1): 9–20, doi:
10.1056/NEJMoa2203690, indexed in Pubmed: 35665782.

49. Daly MB, Pal T, Berry MP, et al. CGC, CGC, LCGC, CGC, CGC. Ge-
netic/Familial High-Risk Assessment: Breast, Ovarian, and Pancre-
atic, Version 2.2021, NCCN Clinical Practice Guidelines in On-

cology. J Natl Compr Canc Netw. 2021; 19(1): 77–102, doi:
10.6004/jnccn.2021.0001, indexed in Pubmed: 33406487.

50. Tung N, Robson M, Ventz S, et al. TBCRC 048: A phase II
study of olaparib monotherapy in metastatic breast can-
cer patients with germline or somatic mutations in DNA
damage response (DDR) pathway genes (Olaparib Ex-
panded). J Clin Oncol. 2020; 38(15_suppl): 1002–1002, doi:
10.1200/jco.2020.38.15_suppl.1002.
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