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Abstract

Human epidermal growth factor receptor 2 (HER2)-overexpressing breast cancer is an aggressive phenotype with a
poor prognosis, and can easily metastasize and recur. Currently, chemotherapy plus HER2-targeted therapy is the
standard systemic treatment for most of these patients. Given that neoadjuvant chemotherapy (NAC) has an
efficacy equivalent to that of adjuvant chemotherapy and some additional benefits, many patients, especially those
with more advanced tumors, prefer NAC and generally will not receive additional chemotherapy after surgery,
irrespective of the pathological response. However, achieving pathological complete response to NAC is strongly
correlated with prognosis, especially in triple-negative and HER2-overexpressing breast cancer. Therefore,
postoperative treatment of these patients with residual diseases should be optimized to achieve favorable outcomes.
The CREATE-X study has confirmed that additional chemotherapy can improve the outcomes of patients with
HER?2-negative residual disease after NAC. In addition, chemotherapy plays an indispensable role in the treatment
of patients who receive surgery directly or who have recurrent lesions. Therefore, can additional chemotherapy
improve prognosis of patients with HER2-overexpressing residual breast cancer? At present, no studies have
compared the efficacy of additional chemotherapy plus trastuzumab with that of anti-HER?2 therapy alone in
residual cancer. The KATHERINE study revealed that trastuzumab emtansine (T-DM1I) can reduce the risk of
recurrence or death by 50% compared with trastuzumab in patients with HER2-positive residual invasive breast
cancer after neoadjuvant therapy. T-DMI is an antibody-drug conjugate of trastuzumab and the cytotoxic agent
emtansine, and thus, to an extent, T-DMI is equivalent to simultaneous application of chemotherapy and targeted
therapy. However, high cost and low accessibility limit its use especially in low- and middle-income countries and
regions. Hence, we proposed this perspective that additional chemotherapy plus trastuzumab should be given to
HER2-overexpressing breast cancer patients with residual disease after NAC to improve their prognosis by
discussing that the efficacy of additional chemotherapy plus trastuzumab is superior to that of anti-HER?2 therapy
alone and not inferior to T-DM1. Additional chemotherapy plus trastuzumab-based HER2-targeted therapy can be
used as an alternative regimen to T-DM1 when T-DMI is unavailable. However, further clinical research on the

selection of chemotherapeutic agents is warranted.
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Introduction

Human epidermal growth factor receptor 2 (HER2)-
overexpressing breast cancer, which is defined as hormone
receptor (HR) negative and HER2 positive, accounts for
approximately 15%—25% of all invasive breast cancers and
is characterized by aggressive metastatic behavior and
relapse (1,2). HER2 gene amplification is associated with
high-grade tumors, increased cell proliferation, tumor
invasiveness and distant metastasis (3). A previous study
demonstrated that that poorly differentiated or
undifferentiated tumors, which were over 20 times as likely
as well-differentiated tumors, were presented in triple-
negative and HER2-overexpressing breast cancer cases (4).
For this subtype of breast cancer, chemotherapy
combined with targeted therapy is the most effective
adjuvant treatment, which has been validated in several
large clinical trials (5-8). Approximately a quarter of
HER2-overexpressing breast cancer patients who receive
surgery and chemotherapy plus anti-HER2 therapy are at
risk of relapse after 8—10 years (5,7). As an indispensable
systemic anti-tumor treatment, chemotherapy can be
utilized preoperatively or postoperatively. Neoadjuvant
chemotherapy (NAC) has an efficacy equivalent to that of
adjuvant chemotherapy (9-11) and has the additional
advantages of down-staging tumors to increase surgical
opportunity and shrinking tumor volume to allow for
breast-conserving surgery (12). In addition, it provides an
opportunity to assess the chemosensitivity of tumors in vivo
so that postoperative chemotherapy can be tailored
according to the outcome of the NAC (13). Thus, NAC is
widely used in systemic treatment of breast cancer.
Nevertheless, prior studies have revealed that the majority
of patients have residual disease after NAC, and only
approximately 18% of patients achieve pathological
complete response (pCR) after NAC (14,15). The
prognosis of patients with residual disease has been shown
to be significantly inferior to that of those experiencing
pCR and the correlation between pathologic response and
long-term outcomes is the strongest in triple-negative and
HER?2-overexpressing breast cancer. HER2-overexpressing
breast cancer is one of the most aggressive subtypes, with a
high probability of lymphatic metastasis. The poor
prognosis of patients with residual disease, particularly
those with a positive axillary lymph node, which is a risk
factor for recurrence (16-18), raises the question of how to
optimize the postoperative treatment for these patients.
Recently, the KATHERINE study (19) showed that
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administration of trastuzumab emtansine (T-DM1) to
residual HER2-positive breast cancer patients after
neoadjuvant therapy can reduce the risk of recurrence or
death by 50% compared with trastuzumab alone. T-DM1
is an antibody-drug conjugate of trastuzumab and the
cytotoxic agent emtansine (DM1), which is a maytansine
derivative and microtubule inhibitor released within target
cells though degradation of compounds in lysozyme (20).
To an extent, T-DM1 is equivalent to simultaneous
application of chemotherapy and targeted therapy. The
CREATE-X study confirmed that additional chemotherapy
improves the outcomes of patients with HER2-negative
residual disease after NAC. In addition, chemotherapy
plays an indispensable role in the treatment of patients that
receive surgery directly or have recurrent lesions. At
present, no studies have compared the efficacy of
chemotherapy plus trastuzumab with that of T-DM1 and
trastuzumab alone in residual cancer. Given that the low
accessibility and high cost of T-DMI1 limit its use,
especially in low- and middle-income regions, could
additional chemotherapy combined with trastuzumab-
based targeted therapy be given to patients with residual
HER2-overexpressing breast cancer after NAC to improve
their prognosis?

Relationship between residual disease and
prognosis

Several studies have revealed that pathological response to
NAC is a strong and independent predicator of outcome,
regardless of intrinsic breast cancer subtype, tumor size,
and lymph node status (9,14). The correlation between
pathologic response and long-term outcomes is the
strongest in triple-negative and HER2-overexpressing
breast cancer. For different definitions of pCR, absence of
invasive cancer in the breast and axillary nodes, irrespective
of ductal carcinoma in situ (ypT0/is ypNO), is commonly
used in clinical studies (16), and achieving pCR can
significantly improve outcomes, especially in patients with
aggressive breast cancer such as the HER2-overexpressing
and triple-negative subtypes (15,21,22). A prior study
demonstrated that pCR resulted in a 50% reduction in the
risk of death. By contrast, those patients with a clinical
complete response but invasive cancer on pathological
examination, clinical partial response and clinical
nonresponse showed an 8%, 28% and 45% increase in the
risk of death, respectively (9). Although pCR to primary

therapy is what we all want to see, meta-analysis has
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demonstrated that only approximately 18% of patients
achieve pCR, and the proportion is relatively higher in
patients with HER2-overexpressing breast cancer, reaching
more than 30% (14,15). The pCR rate of HER2-positive
breast cancers after NAC varies with initial tumor stage and
the treatment protocol, but half or more of patients do not
experience pCR and have significantly poor prognosis (23-
30). For these patients, the postoperative adjuvant therapy
regimen should be strengthened to improve prognosis.

Axillary lymph node positivity, a detectable indicator of
residual cancer, is a high risk factor for recurrence or death
(31). Studies have shown that residual disease is more
aggressive in lymph nodes than in primary breast tumors
and the number of involved axillary lymph nodes is
inversely related to survival. A retrospective analysis of
1,600 women diagnosed with breast cancer stages II-1II
with cytologically confirmed axillary metastases conducted
by Mougalian et al. demonstrated that only 28.4% of
patients achieved axillary pCR after primary systemic
chemotherapy (32). Among the patients who did not
experience pCR to primary chemotherapy, the 8-year
disease-free survival (DFS) rate of patients with negative
lymph nodes reached 70%, compared with only 40% in
patients with 4-9 positive axillary lymph nodes (33).
Arsenault ef al. (34) found that more than 50% patients
with HER2-overexpressing breast cancer had positive
axillary lymph nodes after NAC. In addition, patients with
4 or more and 1-3 positive axillary lymph nodes had a
19.99-fold (P=0.008) and 10.8-fold (P=0.031) locoregional
recurrence risk, respectively, relative to those without
positive axillary lymph node. As the residual cancer burden
(RCB) index increases, the risk of relapse increases, and the
rate of distant relapse at 5 years was found to be 2.4% and
53.6% in patients with minimal residual disease (RCB-I)
and extensive residual disease (RCB-III), respectively (35).

Another histological grading system to assess the
response of breast cancers to primary chemotherapy,
Miller-Payne grading (MPG), can also be used as an
indicator to guide treatment in the adjuvant setting.
According to MPG, approximately 86% of patients did not
achieve pCR (grade 5: no malignant cells identifiable in
sections from the site of the tumor and ductal carcinoma in
situ may be present) after NAC, among which more than
30% of cases were grade 1 or 2 (the number of tumor cells
did not change or decreased by less than 30%), indicating
that these patients were not sensitive to the primary
chemotherapy regimens and that the adjuvant chemo-
therapy agents need to be changed (36,37).
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Residual disease, especially positive lymph nodes, has a
profound effect on prognosis, which should be noted and
actively treated. Moreover, the adjuvant therapy can be
tailored by the response to NAC and MPG.

Current systemic treatment for HER2-
overexpressing breast cancer

Chemotherapy plus targeted therapy for HER2-positive
breast cancer is generally recognized as the most basic
systemic treatment, both before and after surgery. With the
advent of anti-HER? agents, the natural history of HER2-
positive breast cancer has been dramatically changed.
Almost all relevant clinical studies have confirmed that
chemotherapy combined with trastuzumab can markedly
improve the prognosis of HER2-positive breast cancer
patients (5,6,38,39). Moreover, with the publication of the
results of the NeoSphere (25), TRYPHAENA (28), and
APHINITY studies (8), pertuzumab plus trastuzumab in
combination with chemotherapy has been gradually
accepted for treatment of early HER2-positive breast
cancer in the neoadjuvant or adjuvant setting. Nevertheless,
to date, the efficacy and feasibility of anti-HER2 agent
monotherapy for HER2-positive breast cancer patients are
controversial, although a majority of the Panel at the 2007
St Gallen Expert Consensus meeting (40) was prepared to
offer trastuzumab without chemotherapy for selected
women despite the absence of supporting clinical trial
evidence. A previous study (41) demonstrated that anti-
HER?2 agent monotherapy brought benefits to selected
patients for whom chemotherapy was contraindicated, but
the long-term survival benefits in the targeted mono-
therapy group was significantly inferior to those in patients
who received chemotherapy. Therefore, chemotherapy is
essential and irreplaceable for HER2-overexpressing breast
cancer.

In the neoadjuvant setting, a phase II clinical trial
(NeoSphere) (25,42) randomly assigned 417 eligible
women with HER2-positive breast cancer to four groups;
two of the groups were treated with either trastuzumab
plus docetaxel or with anti-HER2 monotherapy
(pertuzumab and trastuzumab). At surgery, the pCR rate
was 29.0% and 16.8%, respectively, and subgroup analysis
suggested that the HER2-positive patients with negative
HR (HER2-overexpressing subtype) who were treated with
anti-HER2 monotherapy had a notably lower pCR rate
(27.3%) compared with the trastuzumab plus docetaxel
group (36.8%). Among the four experimental groups, the
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dual HER2-targeted group without chemotherapy had the
lowest response rate in the clinical and pathological
assessment despite the hormone receptor and node status,
and their 5-year progression-free survival (PFS) and DFS
were also inferior to those in the chemotherapy groups
(42). Thus, chemotherapy is irreplaceable in the treatment
of HER2-positive breast cancer. Furthermore, in all
groups, less than 50% of patients achieved pCR, and the
risk of relapse in patients who did not achieve pCR was
nearly twice as high as in patients with pCR. This indicates
that a majority of patients have residual diseases after
neoadjuvant therapy, leading to poor survival outcomes,
and the chemotherapy-free approach is not desirable for
most patients.

In the adjuvant setting, for patients with HER2-
overexpressing breast cancer who undergo surgery directly,
the National Comprehensive Cancer Network (NCCN)
(43) panel recommended doxorubicin/cyclophosphamide
followed by paclitaxel plus trastuzumab with or without
pertuzumab, even if the axillary lymph nodes are negative.
By contrast, patients with HER2-overexpressing residual
breast cancer who completed entire chemocycles
preoperatively were recommended to receive either T-
DM1 alone or trastuzumab + pertuzumab to complete one
year of therapy after surgery, with no more additional
chemotherapy, regardless of the lymph nodes status.
However, currently, most patients only receive trastuzumab
due to the high price and low accessibility of T-DM1 and
pertuzumab. In general, tumors are more aggressive in
patients receiving neoadjuvant therapy than in those
undergoing direct surgery, as the candidates for
preoperative systemic therapy are usually patients with
inoperable tumors or those with operable cancer but who
desire breast-conserving surgery. Although previous
randomized trials (9-11) showed similar long-term
outcomes when patients were given the same treatment
preoperatively or postoperatively, the trials also revealed
that the prognosis of patients with residual disease,
especially those with positive lymph nodes, after NAC is
significantly worse than that of those with pCR. Given that
the effect of residual axillary disease on prognosis is greater
than that of primary breast lesions (32,34,44), eradicating
the positive axillary lymph node is extremely important,
especially for HER2-overexpressing breast cancer patients
with a high probability of lymphatic metastasis. A previous
study revealed that patients with residual disease after NAC
had significantly worse survival than patients receiving
adjuvant chemotherapy [hazard ratio (HR)=0.51, P=0.007]
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(45). In this case, compared with postoperative treatment of
patients undergoing surgery directly, HER2-over-
expressing breast cancer patients with residual disease,
particularly those with positive lymph nodes after NAC,
should be given additional chemotherapy plus trastuzumab,
rather than anti-HER? therapy alone (Figure I).

For recurrent or metastatic breast cancer patients, the
NCCN panel recommends pertuzumab plus trastuzumab
in combination with a taxane as the first-line treatment to
prolong survival and enhance quality of life. The results of
a phase II clinical trial PERNETTA) (46), which intended
to investigate the feasibility of de-escalation for HER2-
positives patients, were recently presented at the inaugural
European Society for Medical Oncology (ESMO) Breast
Cancer Congress (46). This study randomly divided 210
HER2-positive breast cancer patients with distant
metastasis into trastuzumab plus pertuzumab with or
without chemotherapy groups until progression. The
results showed that PFS was only 8.4 months in the solely
HER2-directed therapy group but was 23.3 months in
those with additional chemotherapy, and the results were
similar regardless of HR status. The scores for quality of
life were also similar between the groups. Multiple studies
exploring treatment regimens for recurrent or metastatic
breast cancer have also been designed on the basis of
chemotherapy drugs, and thus, chemotherapy is also
indispensable for advanced breast cancer unless the adverse
reactions are intolerable. Since chemotherapy is essential in
the whole treatment course for breast cancer, why can it
not be applied in cases of residual breast cancer to decrease
recurrence or death risk and improve prognosis? Similar to
treatment of patients undergoing surgery first or with
recurrence or metastatic cancer, it is rational to speculate
that additional chemotherapy will bring benefits to patients
with residual disease after NAC.

Management of breast tumor heterogeneity

It is generally accepted that breast cancer is a highly
heterogeneous disease (47). The intra-tumor heterogeneity
denotes the coexistence of subpopulations of cancer cells,
resulting from the interaction of genomic instability and
selective pressure (48). Cancer cells within a tumor can
exhibit remarkable morphologic, genetic and behavioral
variability (49). So, there are different cell phenotypes in a
single tumor. Intra-tumor heterogeneity is related to
disease progression and drug resistance, which become one
of the greatest barriers in cancer therapeutics (48,50,51).
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According to the differential expression of receptors within
a tumor, breast cancer can be divided into four different
intrinsic subtypes, luminal A, luminal B (HER2-/HER2+),
HER?2-overexpressing (HER2+, HR-) and triple-negative
breast cancer (TNBC) (52). Moreover, the therapeutic
approaches vary by subtype, for example, a selective
estrogen receptor (ER) modulator and aromatase inhibitor
for HR-positive cells and monoclonal anti-HER2 agents
for HER2-positive cells. However, the most commonly
used chemotherapeutic agents have a killing effect on all
actively multiplying cells. Therefore, the detection of HR
and HER? is very important and can directly affect the
treatment strategy for breast cancer.

With regard to HER2? testing in breast cancer, American
Society of Clinical Oncology (ASCO) and College of
American Pathologists (CAP) jointly issued a clinical
protocol for HER2 testing (53), which recommended that
when 10% or more of tumor cells exhibit complete and
intense circumferential membrane staining, the breast
lesion can be considered as immunohistochemistry (IHC)
3+ (i.e., HER2-positive). The cutoff point of the evaluation
criteria is just 10% of all tumor cells, and the staining
judgment of tumor cells is relatively subjective. Hence,
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some tumor cells may be HER2-negative within HER2-
overexpressing breast cancer and residual lesions.
Moreover, on account of the negative HR expression
(tumors exhibiting less than 1% of tumor cells with staining
for ER or progesterone receptor (PgR) of any intensity
(54), there are triple-negative tumor cells in this breast
cancer subtype. Therefore, given the intra-tumor
heterogeneity, sole anti-HER? targeted therapy for HER2-
overexpressing residual breast cancer is not sufficient.

A previous study (CREATE-X) conducted by Masuda
et al. demonstrated the benefits of administering additional
chemotherapy to patients with residual invasive breast
cancer after NAC (55). In this study, 910 HER2-negative
breast cancer patients who had residual invasive disease
after NAC (containing anthracycline, taxane, or both) were
randomized to receive standard postsurgical treatment with
capecitabine or not (control group). The results revealed
that the capecitabine group had longer DFS and overall
survival (OS) than the control group. Capecitabine also
reduced the risk of death by approximately 40%, and the
efficacy in TNBC was more obvious (5-year DFS of 69.8%
for the capecitabine group vs. 56.1% for the control group,
and 5-year OS of 78.8% and 70.3%, respectively). This
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study indicated that more attention should be paid to
residual cancer and the additional chemotherapy is effective
in improving the prognosis of patients with residual disease
after NAC. Meanwhile, the application of capecitabine in
residual TNBC has been written into the NCCN Breast
Cancer clinical practice guideline (43). Likewise, HER2-
overexpressing breast cancer patients can also benefit from
additional chemotherapy, since some HER2-negative and
triple-negative tumor cells present in HER2-over-
expressing breast cancer and residual disease. HER2-
targeted therapies, the only systemic therapeutic approach
for HER2-overexpressing breast cancer patients after NAC
and surgery, only target the HER2-positive tumor cells and
neglect the HER2-negative and triple-negative cells which
likely account for a large proportion of the tumor cells.
However, chemotherapeutic agents can act on all tumor
cells that proliferate actively and are effective against both
HER2-positive and triple-negative tumor cells (Figure 2).
Because the notable efficacy of chemotherapy against
triple-negative cells in residual cancer has been verified,
and considering tumor heterogeneity, it is reasonable to
administer additional chemotherapy along with targeted
therapy and radiotherapy (if indicated) to HER2-
overexpressing breast cancer patients with residual disease,
especially those with positive axillary lymph nodes, after
NAC to decrease the death and recurrence risk and

improve patient prognosis and quality of life.
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Analysis of T-DM1 application and cost-
effectiveness

T-DM1 was approved by the Food and Drug
Administration (FDA) as a second-line treatment for
HER2-positive advanced breast cancer, based on a phase
IIT clinical trial called EMILIA (56). This research
demonstrated that T-DMI1 significantly prolonged PFS
and OS with less toxicity than lapatinib plus capecitabine in
patients with HER2-positive advanced breast cancer
previously treated with trastuzumab and a taxane.
Subsequently, additional clinical trials (57-59) (Table I) also
confirmed the efficacy of T-DM1 for HER2-positive
advanced or metastatic breast cancer. Compared with T-
DM1, chemotherapy plus anti-HER?2 therapy has relatively
less efficacy and more adverse events (AEs) in the treatment
of HER2-positive advanced breast cancer, especially for
patients who had previously been treated with taxane and
HER2-directed regimens in the advanced setting.
However, one study showed that chemotherapy plus
trastuzumab was not inferior to T-DM1 when utilized as
the first-line treatment for metastatic or recurrent breast
cancer patients. In the MARIANNE study (59), 1,095
patients with locally advanced or metastatic breast cancer
were randomized to receive first-line treatment with T-
DM1 with or without pertuzumab or trastuzumab plus a
taxane. The results showed no significant differences
among the three experimental groups, indicating that
trastuzumab plus a taxane is not inferior to T-DM1 in
terms of efficacy and tolerability for advanced breast
cancer.

Several studies on early breast cancer (Table 1) (19,60),
have attempted to investigate the therapeutic effect of T-
DMI1. Hurvitz et al. performed the KRISTINE trial (60) to
explore the effectiveness of T-DM1 in the neoadjuvant
setting. T-DM1 plus pertuzumab led to a lower pCR rate
than chemotherapy plus dual HER2-targeted blockade
(pertuzumab + trastuzumab) (44.4% vs. 55.7%, P=0.016)
but fewer AEs. Given that pertuzumab was used in both
groups, the effect of pertuzumab could be considered
equivalent in the two groups, and thus, chemotherapy plus
single anti-HER?2 agents seems to be superior to T-DM1
with regard to efficacy. In the adjuvant therapy setting, the
KATHERINE study (19), was the first research to
optimize the treatment of HER2-positive breast cancer
with residual lesions after neoadjvant systemic treatment,
and results revealed the conspicuous advantages of T-DM1
compared with trastuzumab. In total, 1,486 patients were
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randomized to receive adjuvant T-DM1 or trastuzumab endpoint was invasive disease-free survival (iDFS). The
after receiving neoadjuvant therapy and the primary results manifested that the T-DMI1 group showed a

Table 1 Summary of T-DMI clinical trials for HER2-positive advanced or metastatic and early-stage breast cancer

Clinical

trial Phase Study population Study design Results AEs
Advanced or
metastatic
breast
cancer
EMILIA 1] Patients (n=991) with HER2- G1: lapatinib  Median PFS: G1 vs. G2: 6.4 Grade =3: G1 vs. G2: 57%
(2012) (56) positive advanced breast plus months vs. 9.6 months vs. 41%
cancer, who had previously capecitabine  (HR=0.65, P<0.001) G1: diarrhea, nausea,
been treated with trastuzumab  G2: T-DM1 Median OS: G1 vs. G2: 25.1 vomiting
and taxane months vs. 30.9 months G2: thrombocytopenia and
(HR=0.68, P<0.001) increased serum
ORR: G1 vs. G2: 30.8% vs. aminotransferase levels
43.6% (P<0.001)
TDM4450¢g I Patients (n=137) with HER2- G1: Median PFS: G1 vs. G2: 9.2 Grade =3: G1 vs. G2:
(2013) (57) positive MBC or recurrent locally trastuzumab ~ months vs. 14.2 months 90.9% vs. 46.4%
advanced breast cancer plus docetaxel (HR=0.59, P =0.035) Serious AEs: G1 vs. G2:
G2: T-DM1 ORR: G1 vs. G2: 58.0% vs. 20.3% vs. 25.8%
64.2% G1: neutropenia, alopecia,
diarrhea
G2: thrombocytopenia,
increased
aminotransferase levels,
headache
TH3RESA il Patients (n=602) with HER2- G1: physician’s Median PFS: G1 vs. G2: 3.3 Grade =3: G1 vs. G2: 47%
(2014) (58) positive advanced breast cancer choice (68.5% months vs. 6.2 months vs. 40%
who had received two or more  chemotherapy (HR=0.528, P<0.0001) Serious AEs: G1 vs. G2:
HER2-directed regimens in the plus 0S: G1 vs. G2: 22.7 months 22% vs. 25%
advanced setting, including trastuzumab) vs. 15.8 months (HR=0.68, G1: neutropenia, diarrhea
trastuzumab and lapatinib, and G2: T-DM1 P=0.0007) G2: thrombocytopenia
previous taxane therapy in any
setting
MARIANNE Il Patients (n=1,095) with HER2-  G1: Median PFS: G1 vs. G2 vs. Grade =3: G1 vs. G2 vs.
(2017) (59) positive, advanced breast trastuzumab  G3:13.7 months vs. 14.1  G3: 54.1% vs. 45.4% vs.
cancer and no prior therapy for plus taxane months vs. 15.2 months 46.2%
advanced disease G2: T-DM1 (G2 and G3 are not superior G1: alopecia, diarrhea
plus placebo  to G1) (P>0.05) T-DM1: thrombocytopenia,
G3: T-DM1 ORR: G1 vs. G2 vs. G3: increased
plus 67.9% vs. 59.7% vs. 64.2% aminotransferase, diarrhea
pertuzumab
Early-stage
breast
cancer
KRISTINE 1l Patients (n=444) with HER2- (Neoadjuvant pCR: G1 vs. G2: 55.7% vs. Grade =3: G1 vs. G2: 64%
(2017) (60) positive stage II-1ll operable therapy) 44.4% (P=0.016) vs. 13%
breast cancer G1: docetaxel, serious AEs: G1 vs. G2:
carboplatin, 29% vs. 5%
trastuzumab G1: nausea, headache,
plus increased
pertuzumab aminotransferase,
G2: T-DM1 G2: nausea, diarrhea,
plus vomiting
pertuzumab

Table 1 (continued)
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Table 1 (continued)

t(ﬁilglcal Phase Study population Study design Results AEs
KATHERINE 11l HER2-positive early breast cancer ~ (Adjuvant therapy) iDFS: G1 vs. Grade =3: G1 vs. G2:
(2018) (19) patients (n=1,486) with residual G1: T-DM1 G2:88.3% 25.7% vs. 15.4%
invasive disease at surgery after G2: trastuzumab vs. 77.0%  Serious AEs: G1 vs. G2:
receiving neoadjuvant therapy (HR=0.5, 12.7% vs. 8.1%
containing taxane (with or without P<0.001) G1: thrombocytopenia,
anthracycline) and trastuzumab hypertension
G2: hypertension
KAITLIN 1] Patients (n=1,846) with operable (Adjuvant therapy) Ongoing Ongoing
(NCT HER2-positive primary breast cancer G1: trastuzumab plus
01966471) pertuzumab plus taxane
following anthracyclines
G2: T-DM1 plus
pertuzumab following
anthracyclines
ATEMPT Il Patients (n=512) with stage | HER2-  (Adjuvant therapy) Ongoing Ongoing
(NCT positive breast cancer G1: T-DM1 G2: paclitaxel
01853748) and trastuzumab

T-DM1, trastuzumab emtansine; HER2, human epidermal growth factor receptor 2; MBC, metastatic breast cancer; PFS, progression-
free survival; HR, hazard ratio; OS, overall survival; ORR, objective response rate; pCR, pathological complete response (ypT0/is,
i.e., absence of invasive cancer in the breast irrespective of ductal carcinoma in situ or nodal involvement); iDFS, invasive disease-

free survival; AEs, adverse events.

significant improvement in iDFS relative to the
trastuzumab group (88.3% and 77.0%, respectively), and
T-DM1 reduced the risk of recurrence or death by 50%.
This amazing result has greatly boosted our confidence and
filled the research gap in the treatment of HER2-positive
residual cancer. In view of the remarkable curative effect of
T-DM1 for HER2-positive breast cancer patients with
residual disease after preoperative therapy, the latest
NCCN clinical practice guideline (Version 1, 2019) (43)
recommends it as the preferred treatment. To an extent, T-
DMI1 is equivalent to simultaneous application of
chemotherapy and targeted therapy. Based on the above
studies and the results of the NeoSphere study, it is
reasonable to speculate that the efficacy of chemotherapy
plus trastuzumab is superior to that of anti-HER2 therapy
alone, even dual HER2-targeted therapy, and is likely not
inferior to T-DMI1. Furthermore, the results of the
ongoing trials, KAITLIN (NCT 01966471) and ATEMPT
(NCT 01853748) (https://clinicaltrials.gov), which plan to
evaluate the efficacy and safety of T-DM1 compared with
chemotherapy plus trastuzumab, will bring us more
information about which treatment strategy is better.
Therefore, additional chemotherapy combined with
trastuzumab might be used as an alternative therapy for
HER2-overexpressing breast cancer patients with residual
disease after NAC when T-DMI1 is unavailable.
Concerning AEs, the occurrence rate of grade >3 AEs in

© Chinese Journal of Cancer Research. All rights reserved.

the chemotherapy plus trastuzumab group was relatively
higher than that in the T-DM1 group, but the side effects
observed in both groups were acceptable. Although
frequent AEs, such as nausea, alopecia, and diarrhea, in T-
DM1 group were improved compared with those in the
chemotherapy plus anti-HER?2 group, T-DM1 has specific
AEs such as thrombocytopenia and increased amino-
transferase levels, which cannot be neglected (61).
Although T-DMI1 has been recommended as the
preferred treatment because of its clinical advantages in
patients with residual disease after neoadjuvant therapy, its
high price and low availability limit its application. Many
experts have performed cost-effectiveness analyses (62-66)
of T-DM1 in developed countries, and even though the
cost varied by different regimens, regions and willing-to-
pay (WTP) thresholds, the conclusions were consistent: T-
DMI1 was not cost-effective. Almost all the clinical
effectiveness data were taken from the EMILIA study [T-
DMLI vs. lapatinib plus capecitabine (LC)]. In the United
States (62), researchers constructed four possible Markov
models to estimate the overall cost-effectiveness by taking
the mean of total costs and quality-adjusted life years
(QALY). The results showed that the incremental cost-
effectiveness ratio (ICER) for T-DM1 compared with LC
was $183,828/QALY and $220,385/QALY from the
perspective of US society and the payer, respectively. The
probability of cost-effectiveness for T-DM1 vs. LC was just
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28.1% from the societal perspective. So, the researchers
had to admit that T-DMI1 was not cost-effective when
comparing to the LC combination therapy. According to
the 2015 import price of T-DM1 in Spain (63), T-DM1
had a cost per QALY of over 120,000 €, and at least a 50%
reduction in the price was needed to place T-DM1 close to
the threshold of what is usually considered cost-
effectiveness. The National Institute for Health and Care
Excellence (NICE) of England concluded that T-DM1
could not be recommended for treating HER2-positive
advanced or metastatic breast cancer patients who were
previously treated with trastuzumab and taxane, because
the patient access scheme analysis suggested that T-DM1
had a 0% probability of being cost-effective at an ICER of
£30,000 per QALY gained (64). The list price for T-DM1
was £1,641.01 for a 100 mg vial and £2,625.62 for a 160 mg
vial in 2017, and it was estimated that the average cost of a
course of treatment was over £90,000, according to the list
price (65). Similarly, a final recommendation from the pan-
Canadian Oncology Drug Review (pCODR) Expert
Review Committee (pERC) demonstrated that the average
cost per 28-day course of T-DM1 was $8,426.88 according
to 2013 list price, and this assessment did not take the
wastage into consideration. By contrast, the cost of
capecitabine in combination with lapatinib or trastuzumab
just was approximately half that of T-DM1 (66). In brief,
given current acquisition costs, there is no possibility that
T-DMI can be cost-effective for HER2-positive advanced
breast cancer, even in developed countries. We have to
admit that all of the above cost-effective analyses were
based on treatment for unresectable advanced breast cancer
patients whose life expectancy was relatively short. If the
analysis was performed for the treatment of early breast
cancer, the ICER may be closer to the WTP threshold.
Nevertheless, in low- and middle-income developing
countries and regions, such as sub-Saharan Africa and Iran
(67,68), trastuzumab, the most basic targeted agent for
early HER2-positive breast cancer, does not appear to be
cost-effective. Although the remarkable efficacy of T-DM1
has been confirmed, it met challenge of demonstrating its
cost-effectiveness to payers around the globe. Therefore,
application of T-DM1 to HER2-positive residual cancer
seems to be economically unfeasible in most countries and
regions. Moreover, in May 2019, the FDA approved T-
DM1 for patients with HER2-positive early breast cancer
with residual disease after neoadjuvant therapy in the
adjuvant treatment setting (69). However, in many
countries, especially developing countries, such as China,
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T-DM1 has not been approved for treatment of patients
with HER2-positive advanced breast cancer. Thus, T-
DM1 is also difficult to obtain, even for patients who can
afford it.

Although T-DMI1 can significantly improve the
prognosis of patients with HER2-positive residual breast
cancer, it is unavailable in many countries, especially some
low- and middle-income regions, not only because of the
high cost but also due to policy constraints. We
recommend additional chemotherapy in combination with
trastuzumab-based targeted therapy as an alternative for
treatment with T-DM1lconsidering the similar effect of
these two approaches in HER2-positive breast cancer
patients with residual disease after NAC and the high cost
of T-DMI.

Future perspective

In some countries and regions where T-DMI1 is
unavailable, we need to further investigate the efficacy of
adding additional chemotherapy to trastuzumab for
patients with HER2-overexpressing residual breast cancer
after NAC and select appropriate chemotherapeutic drugs.
A prospective clinical trial with three experimental groups
should be conducted, and the three groups can be designed
to receive trastuzumab with or without pertuzumab, T-
DMI, and trastuzumab plus chemotherapeutic drugs.
Moreover, the selection of the cytotoxic drugs can be
guided by the pathological response to NAC, and to avoid
severe adverse reactions, oral chemotherapeutic drugs such
as capecitabine or metronomic chemotherapy (70) may be
considered. At the same time, we are waiting for
publication of the results of two ongoing trails (KAITLIN
and ATEMPT) to confirm the efficacy of T-DML1 in early
breast cancer and further clarify the possibility of replacing
T-DM1 with chemotherapy combined with trastuzumab-
based targeted therapy. We are also looking forward to a
reduction in the acquisition cost of T-DM1 and supports of
national policies. Under the current circumstances,
according to the results of published studies and rational
derivations, administering chemotherapy along with the
current single anti-HER2 therapy is a reliable and
efficacious alternative regimen for HER2-overexpressing
breast cancer patients with residual disease, particularly
those with positive lymph nodes, after NAC when T-DM1
is unavailable. This approach may reduce the death and
recurrence risk and improve the prognosis and quality of
life of these patients.
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Conclusions

Despite the advantages of NAC, the majority of patients
received NAC fail to experience pCR. Residual disease,
particularly positive lymph nodes, after NAC is a high-risk
factor for recurrence and death, and the correlation is the
strongest for patients with aggressive breast cancer, such as
the HER2-overexpressing and triple-negative subtypes.
Approximately a quarter of HER2-overexpressing breast
cancer patients who receive surgery and standard systemic
treatments are at risk of relapse after 8-10 years.
Therefore, the treatment regimens for patients with
residual disease after NAC need to be optimized to
improve outcomes of patients. Compared with the systemic
treatment of patients that receive surgery directly or those
with recurrent lesions, adding chemotherapy to treatment
regimens for patients with residual disease after NAC is
rational. Furthermore, the CREATE-X study has
confirmed that administering capecitabine to HER2-
negative patients with residual invasive cancer can
significantly prolong patient survival. In addition, due to
tumor heterogeneity, HER2-negative and triple-negative
tumor cells are present in HER2-overexpressing breast
cancer, and these cells are sensitive to chemotherapy.
Hence, it is reasonable to infer that the efficacy of
additional chemotherapy plus trastuzumab would be
superior to HER2 directed therapy alone for HER2-
overexpressing residual breast cancer. Although the efficacy
of T-DM1 in patients with residual invasive HER2-positive
breast cancer has been verified in the KATHERINE study,
the high cost and low accessibility of T-DMI limit its use,
especially in low- and middle-income countries and
regions. Furthermore, previous studies have demonstrated
that chemotherapy in combination with trastuzumab-based
targeted therapy was not inferior to T-DMI. Therefore,
administering additional chemotherapy to the currently
used pure targeted therapy for HER2-overexpressing
breast cancer patients with residual disease, particularly
those with positive lymph nodes after NAC is a potentially
efficacious alternative regimen to T-DM1, but further
clinical research is highly warranted to explore which
chemotherapeutic agents and administration routes are the
most efficacious and the safest.
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