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Among women worldwide, breast cancer represents the
most frequent malignancy and remains the leading cause
of cancer-related death (1). Human Epidermal Growth
Factor Receptor 2 (HER2)-positive disease accounts for
approximately 20% of invasive breast neoplasms; in the
absence of adequate targeted treatment, HER2-positivity
leads to a more aggressive behavior and worse clinical
outcomes as compared to other subtypes (2). With the
introduction of anti-HER2? targeted therapy, the prognosis
of patients with HER2-positive breast cancer has radically
changed over the last 20 years in both the advanced and
early settings (3).

Neoadjuvant systemic therapy for breast cancer has
been originally conceived to treat patients with locally
advanced and/or inoperable disease in order to improve
chances and outcomes of surgical resections by downstaging
the tumor and regional lymph nodes (4). Administering
chemotherapy before surgery is associated with similar
survival outcomes as when given in the adjuvant setting (5).
However, the neoadjuvant approach has recently gained
more attention considering the advantages of both allowing
an in vivo assessment of tumor response and increasing
the rates of conservative surgery but also because of the
possibility to adapt the adjuvant treatment according to the
results of the pathology report at the time of surgery (6).
This is of particular relevance for patients with HER2-
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positive early breast cancer.

Chemotherapy (consisting in taxane-based regimens
with or without the use of anthracyclines) plus anti-HER2
targeted treatment with trastuzumab and pertuzumab is
the current most effective available neoadjuvant therapy
in patients with HER2-positive early breast cancer
(7,8). Trastuzumab emtansine (T-DM1) is an antibody-
drug conjugate composed of the humanized monoclonal
antibody trastuzumab covalently linked to a cytotoxic agent
(i.e., a tubulin inhibitor). The efficacy of T-DM1 has been
consistently demonstrated in the metastatic setting both in
the earlier and later lines of therapy with improvement in
both progression-free survival and overall survival (OS) as
well as a favorable safety profile (9,10). Based on its efficacy
and safety in patients with metastatic breast cancer, several
studies have been conducted more recently for moving
T-DMLI to the early setting of breast cancer treatment.

The KRISTINE study is one of the largest randomized
trials that investigated the role of T-DM1 as neoadjuvant
therapy in patients with HER2-positive early breast
cancer (11,12). A total of 444 patients were randomized to
neoadjuvant chemotherapy plus dual anti-HER2 blockade
(docetaxel, carboplatin, trastuzumab, pertuzumab -
TCH+P) or to a “chemotherapy-free” regimen with T-DM1
plus pertuzumab (T-DM1+P). Patients randomly allocated
to the TCH+P arm received neoadjuvant chemotherapy
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plus dual anti-HER?2 blockade for 6 cycles and continued
trastuzumab plus pertuzumab alone during the adjuvant
phase, whereas patients randomized to the T-DM1+P arm
received T-DMI and pertuzumab during both the neo-
adjuvant and adjuvant phases of the study. Neoadjuvant
and adjuvant anti-HER?2 targeted therapy was given every
3 weeks for 18 cycles in both study arms. Among the 444
patients enrolled, median age was 50 years, 167 (38%) had
hormone receptor-negative disease. The majority of the
patients (369, 83%) had baseline stage ITA-IIIA, while the
remaining 75 patients (17%) presented with baseline IIIB-
IIIC stage. As reported in the first analysis, use of T-DM1+P
resulted in a significantly lower rate of pathologic complete
response (pCR) as compared to TCH+P (44% vs. 56%,
absolute difference -11.3%; P=0.016). Patients with
hormone-receptor negative disease had higher probability
to achieve a pCR regardless of the therapy performed (73 %
and 54% with TCH+P and T-DMI1+P, respectively), while
in those with hormone-receptor positive tumors, the rates
of pCR were 44% and 35% with TCH+P and T-DM1+P,
respectively (11). In the Fournal of Clinical Oncology, Sara
A. Hurvitz and colleagues have recently reported updated
results of the KRISTINE trial with the secondary endpoints
event-free survival (EFS), invasive disease-free survival
(IDFS), safety and patient-reported outcomes (12). At a
median follow-up of 37 months, as compared with TCH+P,
the use of T-DM1+P was associated with a higher risk of
an EFS event (HR 2.61; 95% CI: 1.36-4.98), but a similar
risk of an IDFS event (HR 1.11; 95% CI: 0.52-2.40).
During the overall study period, serious adverse events
(SAEs) were less frequent with T-DM1+P compared to
TCH+P. This was driven by the better safety profile of
T-DM1+P in the neoadjuvant phase; on the contrary,
T-DM1+P during the adjuvant phase was associated with
higher number of patients developing a SAE as compared
to adjuvant trastuzumab plus pertuzumab. In the T-DM1+P
arm, the most frequent SAE was anemia (5.8%) followed
by neutropenia (3.6%), peripheral neuropathy (3.1%),
and decreased platelet count (2.2%). In the TCH+P arm,
neutropenia (25.1%), diarrhea (15.5%), febrile neutropenia
(15.1%), and anemia (11%) were the most frequent SAEs.
Analysis of the patient-reported outcomes showed that
patients receiving T-DM1+P reported fewer worsening
scores in their quality of life during the neoadjuvant phase
compared to patients receiving TCH+P, while similar scores
were observed during the adjuvant phase. Regardless of
treatment arm, pCR was associated with a reduced risk of

an IDFS event (HR 0.24; 95% CI: 0.09-0.60) (12).
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Despite being a negative study, the results from the
KRISTINE trial raise some important considerations for
improving the management of patients with HER2-positive
early breast cancer, in terms of further increasing our
understanding on the value of obtaining a pCR, the biology
of HER2-positive tumors according to hormone receptor
status and how to optimize T-DMI use in the early setting.

The rate of pCR is the primary endpoint in most of the
neoadjuvant trials since many years based on the several
available studies suggesting that pCR correlates with
patients’ outcomes. As show in the CTNeoBC pooled
analysis, achievement of a pCR is associated with better EFS
(HR 0.48; 95% CI: 0.43-0.54) and OS (HR 0.36; 95% CI:
0.31-0.42) than in the case of residual disease at surgery (13).
Considering the prognostic value of pCR according to
breast cancer subtype, the strongest association with long-
term outcomes was observed in patients with the aggressive
forms of breast cancer including the HER2-positive
population, mainly in the presence of hormone receptor-
negative status (13).

A growing amount of evidence suggests that the
presence or absence of hormone receptors distinguish
two different subtypes of HER2-positive breast cancer
characterized by a distinct natural history (14). Many
neoadjuvant trials including the KRISTINE study have
shown major differences in the rates of pCR according to
hormone receptor status with higher chances for patients
with hormone receptor-negative/HER2-positive breast
cancer (15). This important issue may highlight the need
to develop different and ad hoc therapeutic strategies for
patients with these different tumor subtypes. Although
most of the trials in the early setting of HER2-positive
disease are still being conducted including all breast cancer
patients irrespective of hormone receptor status, the West
German Study Group has recently tried to provide precise
answers on this regard with the ADAPT trial (16). In this
study, patients with hormone-receptor positive/HER2-
positive early breast cancer were randomized to receive
neoadjuvant T-DM1 (with or without endocrine therapy)
or trastuzumab plus endocrine therapy. Neoadjuvant anti-
HER?2 targeted therapy was administered for 4 cycles
every 3 weeks. The rate of pCR was 41.0% in the T-DM1
arm, 41.5% in the T-DMI plus endocrine therapy arm,
and 15.1% in the trastuzumab plus endocrine therapy
(P<0.001) (16). In the KRISTINE study, pCR was achieved
by around 35% of patients with hormone receptor-positive/
HER2-positive disease treated with T-DM1+P (11). These
results support the hypothesis of de-escalating treatment
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with “chemotherapy-free” strategies in selected patients.
However, appropriate patient selection is essential and
needs to be further investigated in the future.

The most important data so far with the use of T-DM1
in HER2-positive early breast cancer comes from the
post-neoadjuvant setting in patients not achieving a pCR
after neoadjuvant chemotherapy plus trastuzumab with or
without pertuzumab. The KATHERINE study has recently
led to the approval of T-DM1 as adjuvant treatment in
these patients (17). In the trial, patients with residual disease
after standard neoadjuvant taxane-based chemotherapy
(with or without anthracyclines) plus trastuzumab (with
or without pertuzumab) were randomized to T-DM1 or
standard trastuzumab to complete 1 year of anti-HER?2
therapy. A total of 72.3% of the 1486 patients enrolled
had hormone receptor positive-disease; an anthracycline-
containing neoadjuvant chemotherapy regimen was given
to the majority of the patients (76.9%) and 18% of them
received dual anti-HER2 blockade with trastuzumab and
pertuzumab. IDFS was significantly improved among
patients who received T-DM1 compared to trastuzumab
(HR 0.50; 95% CI: 0.39-0.64, P<0.001). The benefit of
adjuvant T-DM1 was demonstrated in both patients with
hormone receptor-positive and hormone receptor-negative
disease (17). Therefore, T-DM1 should now be considered
the standard adjuvant anti-HER?2 treatment in patients not
achieving a pCR after neoadjuvant chemotherapy plus anti-
HER? therapy.

The KATHERINE trial has completely changed the
treatment algorithm for managing patients with HER2-
positive early breast cancer by favoring even more the use of
the neoadjuvant approach in most of these cases. The only
exception is represented by patients with stage I disease
(tumors <2 cm and node negative) for whom the APT
trial has shown very good outcomes with a de-escalated
approach including weekly paclitaxel and trastuzumab (18).
At a median follow-up of 6.5 years, 7-year DFS was 93%
(95% CI: 90.4-96.2) and 7-year OS was 95% (95% CI:
92.4-97.7). In patients with hormone receptor-positive
tumors, the 7-year DFS was 94.6% (95% CI: 91.8-97.5)
while among patients with hormone receptors-negative
tumors, 7-year DFS was 90.7% (95% CI: 84.6-97.2) (18). A
further step in de-escalating the treatment of these patients
has been more recently investigated in the ATEMPT
trial (19). Women with histologically confirmed HER2-
positive breast tumors <2 cm without nodal involvement
were randomized to receive T-DMI1 for 17 cycles every 3
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weeks or standard paclitaxel plus trastuzumab for 12 weeks
(followed by trastuzumab to complete 1 year of treatment).
A total of 43% of the patients enrolled were diagnosed with
a tumor size smaller than 1 cm and the majority (75%) had
a positive hormone receptor status. Overall, 3-year DFS
was 97.7% (95% CI: 96.2-99.3%) in the T-DM1 arm with
only 2 of the 383 patients enrolled experiencing a distant
recurrence. Notably, 23.5% of the patients discontinued
treatment, being toxicity the most important reason (17.0%
of the patients) (19). Although these are promising results to
move a “chemotherapy-free” regimen as the only adjuvant
treatment in selected patients with low-risk HER2-positive
breast cancer, longer follow-up is needed. Financial toxicity
is another important issue to be considered before allowing
widespread use of T-DMI in this setting.

Based on the availability of all these new important
data including with the use of T-DMI in the early setting,
the management of patients with HER2-positive early
breast cancer has radically changed (Figure 1). Clinical
stage at presentation is crucial to define the best approach.
Patients with tumors <2 cm without nodal involvement are
candidates to surgery followed by a de-escalated strategy
with weekly paclitaxel and trastuzumab. All the other
patients (with node-positive and/or tumors >2 c¢m) should
now be candidates to neoadjuvant chemotherapy (with
a taxane-based regimen with or without anthracyclines)
plus anti-HER?2 therapy including trastuzumab plus, if
available, pertuzumab. The neoadjuvant approach would
help clarifying the best adjuvant treatment being the
continuation of trastuzumab alone (or plus pertuzumab, if
available, in the presence of high-risk features at diagnosis)
to complete 1 year in patients achieving pCR and switching
to T-DM1 in those with residual disease at surgery.

Despite major improvement in the care of patients
with HER2-positive early breast cancer, some unanswered
questions remain in this field including the possibility to
de-escalate chemotherapy burden in a higher number of
patients (20) as well as to escalate treatment approaches
in the presence of poor prognostic features (21). More
attention should be also paid to the management of patients
with hormone receptor-positive/HER2-positive disease (22),
including the optimization of the best adjuvant endocrine
treatment approach (23-25). Ongoing and future studies are
awaited to further improve the care of patients with HER2-
positive early breast cancer. More personalized approaches
will lead to a continuous improvement in survival rates but
at the same time to a reduction in treatment burden.
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NEW DIAGNOSIS OF
HER2 — POSITIVE EBC

T <2 cm NO

l

ADJUVANT CHEMOTHERAPY
(weekly Paclitaxel)

+TRASTUZUMAB

N+ and/or T >2 cm

i

NEOADJUVANT CHEMOTHERAPY
(Taxane- + Anthracycline-based)

+TRASTUZUMAB+PERTUZUMAB

pCR No pCR

l l

ADJUVANT TRASTUZUMAB
+PERTUZUMAB*

ADJUVANT T-DM1

Figure 1 Treatment algorithm in patients with HER2-positive early breast cancer. *, pertuzumab to be considered, if available, in the

presence of high-risk features at diagnosis. HER2, human epithelial growth factor receptor 2; EBC, early breast cancer; T, tumor size; N,

nodal status; pCR, pathologic complete response; T-DM1, trastuzumab emtansine.
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