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Background: We retrospectively examined whether different cycles of chemotherapy affected the
prognosis of patients who achieved a pathologic complete response (pCR).

Methods: We reviewed data from patients who achieved pCR after neoadjuvant chemotherapy (NACT)
between 2008 and 2018. In total, 286 patients were divided into three groups: group one (n=148, 52%)
completed standard chemotherapy cycles before surgery, group two (n=81, 28%) did not complete standard
chemotherapy cycles before surgery or received chemotherapy after surgery, and group three (n=57,
20%) did not complete standard chemotherapy cycles before surgery but completed them after surgery.
Recurrence-free survival (RFS) was estimated using the Kaplan-Meier method, and differences between
groups were evaluated by the log-rank test. Cox proportional hazards regression analysis was adjusted for
different NACT groups, age, Ki-67 levels, and clinical stages.

Results: After a median follow-up of 26 months, there were no significant differences in RFS among the
NACT groups (P=0.14). Multivariate analysis showed that Ki-67 >40% (P=0.03) and clinical stage (IIIB
+ IIIC) (P=0.002) might be risk factors for recurrence in patients with pCR. There were no significant
differences in survival among subgroups according to Ki-67 levels and clinical stages.

Conclusions: Our study suggests that, even with pCR, patients with baseline stage IIIB or ITIC or Ki-67
levels >40% may have an increased risk of recurrence. The RFS of patients with pCR was not associated with
the completion of standard chemotherapy cycles, even in high-risk patients. Therefore, the prevention of

excessive chemotherapeutic treatment by de-escalation is necessary for patients with pCR.
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Introduction addition to downstaging, NACT may benefit patients

with human epidermal growth factor receptor (HER)2-

Neoadjuvant chemotherapy (NACT), initially used to
downstage breast cancer, may achieve pathologic complete
response (pCR) in patients with no residual invasive
breast or axillary disease (1). An increasing number of

indications for NACT have been recently described; in
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positive or triple-negative stage II-III breast cancer and
hormone receptor-positive (HR+) patients with an explicit
need for chemotherapy (2). NACT did not improve
survival in patients with similar baseline characteristics and
chemotherapy regimens when compared with adjuvant
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chemotherapy (3). However, residual cancer burden has
been demonstrated as a useful predictor of survival after
NACT (4,5), especially in patients with triple-negative
or HER2-positive breast cancer; thus, patients who
have not achieved pCR could benefit significantly from
intensive postoperative adjuvant chemotherapy (6,7). The
prognosis of patients with pCR is good, and additional
adjuvant chemotherapy may not confer survival benefits of
clinical or statistical significance. Therefore, de-escalation
of chemotherapy is essential in these patients to reduce
unnecessary toxicity and cost and avoid excessive treatment (8).

We aimed to evaluate if the prognoses of patients who
achieved pCR differed between those who completed a
standard NACT regimen and those who did not. We also
wished to assess whether it is appropriate for all patients
with the end goal of pCR to receive the same course of
NACT and whether de-escalation of NACT for patients
with risk factors for recurrence after pCR is appropriate. To
date, no studies have demonstrated the appropriate timing
for terminating chemotherapy in patients who achieve
pCR during NACT. Previous studies have suggested that
different molecular types and NACT regimens may not
affect the prognosis of patients who achieve pCR (1,9);
however, image-guided biopsy during the course of NACT
can predict pCR (10,11). Therefore, the primary objectives
of this study were to evaluate the influence of a reduced
number of cycles of the standard NACT regimen on the
prognosis of patients with pCR and to identify independent
risk factors for recurrence among these patients.

Methods

Between 2008 and 2018, the records of patients who were
diagnosed with primary breast cancer by histopathology
and had achieved pCR after NACT were retrieved from the
database of Harbin Medical University Cancer Hospital.
pCR was defined in this study as the eradication of invasive
disease from both breast and lymph nodes (ypT0/Tis,
ypNO) (1). Tumors were classified according to the 2013
St. Gallen surrogate definition of intrinsic subtypes (12).
Patients were excluded if they met any of the following
criteria: (I) those who received any part of chemotherapy or
surgery at outside institutions; (II) those who had already
completed standard cycles of NACT supplemented with
additional chemotherapy; (III) those with bilateral breast
cancer; (IV) those with stage IV disease when diagnosed;
(V) those with the Luminal-A molecular subtype; (VI) those
treated without taxanes; (VII) those with non-invasive ductal
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carcinoma; (VIII) those for whom no follow-up information
was available.

The NACT grouping of Harbin Medical University
Cancer Hospital is shown in Figure 1. Patients were divided
into the following three groups: group one, patients who
completed all cycles of a standard regimen of NACT before
surgery and achieved pCR; group two, those who did not
complete all cycles of a standard NACT regimen before
or after surgery; group three, those who did not complete
all cycles of a standard NACT regimen before surgery but
completed the regimen after surgery. The standard NACT
regimen is: 8 cycles of doxorubicin and cyclophosphamide
followed by docetaxel (AC-T) (H), 6 cycles of docetaxel,
doxorubicin, and cyclophosphamide (TAC) (H), 12 weeks
of paclitaxel plus carboplatin (PCb) (H), and either 4 cycles
of epirubicin and cyclophosphamide (EC) or 18 weeks
of PCb (H) (13). The recurrence-free survival (RFS) of
patients with pCR was compared among the three groups
and defined as the time from diagnosis of breast cancer to
the occurrence of regional or distant recurrence or death of
the patients.

The Kaplan-Meier method was used to estimate RFS.
First, univariate analysis was performed, and differences
among the three groups were evaluated by the log-rank
test. A P value <0.05 was represented statistical significance.
Significant factors identified by univariate analysis were
analyzed using a Cox proportional hazards regression
model and adjusted for different NACT groups (reference,
group one), age (reference, age >60 years), clinical staging
(reference, stage IIA and IIB), and Ki-67 levels (reference,
Ki-67 <40%). Differences in survival among the three
groups were compared in reference to the high-risk factors
identified by Cox proportional hazard regression analysis.

Results
Patients

Between 2008 and 2018, a total of 340 patients achieved
pCR after NACT at our hospital, and 54 were excluded
by the exclusion criteria. The remaining 286 patients
underwent survival analysis (Figure 2).

All 286 patients underwent radical surgery and were
divided into three different NACT groups. Group one
comprised 148 patients (52%), group two comprised 81
patients (28%), and group three comprised 57 patients
(20%). Details of patient characteristics are shown in 7able 1.

Most patients had stage IITA disease (n=128, 45%), and 70
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Assessment of treatment efficacy of NACT patients

Doctors decided whether and when to do the secondary
image-guided biopsy to judge whether patients achieve
pPCR or not.

Secondary image-guided biopsy shows no

\ /

Patients who did not complete the
standard cycle of NACT

Patients with low compliance, intolerance or Patients completed the standard

invasive cancer cycle of NACT

emergence of advancement

‘ Surgery

Doctors and patients decided together whether patients who achieved
pCR, and meanwhile did not complete the standard cycle of NACT,
would continue the standard cycle or not.

Figure 1 NACT Groups of Harbin Medical University Cancer Hospital. NACT, neoadjuvant chemotherapy; pCR, pathologic complete

response.

patients (24%) had stage IIIB and IIIC disease. There were
96 (34%) patients whose Ki-67 levels were >40%. The most
common NACT regimen was A + T (n=218, 76%). There
were 85 HER2+ patients (63.9%) who did not receive
HER2-targeted therapies. Anthracyclines and taxanes were
administered in combination for most patients (n=170,
59%). Postoperative adjuvant endocrine therapy was
administered to 65 patients (23%), and 77 patients (27%)
received postoperative adjuvant radiation therapy. Table 1
summarizes the therapeutic regimens.

Survival analysis

The median follow-up time was 26 (range, 3—135) months,
and the mean follow-up time was 38.8 months. There
were 38 recurrence or death events: 35 patients had disease
progression and 3 patients died without recurrence. Of the
patients with recurrence, 23 (61%) had recurrences at a
distant site first, of which there were 10 (26%) brain, 5 (13%)
bone, 2 (5%) liver, and 5 (13%) lung metastases (Zable 1).
There was no statistically significant difference in
RFS among the three groups (P=0.14) (Figure 3). The
3-year RFS was approximately 88% in group one and
approximately 90% in groups two and three. Univariate
analysis showed an association between clinicopathological
features and survival (Table 2). Age (P=0.33), menstrual
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status (P=0.76), molecular subtype (P=0.10), Ki-67
level (P=0.069), NACT regimen (P=0.75), sequence of
administration (P=0.28), administration schedule (P=0.90),
adjuvant endocrine therapy (P=0.90), and adjuvant radiation
therapy (P=0.36) had no significant association with
recurrence in patients with pCR. However, clinical stage
was significantly associated with RFS (P<0.0001).

We summarized the possible independent prediction
factors of patients who had end-point events. Adjusted
RFS hazard ratios (HRs) of death, based on patient
characteristics and treatments received, are shown in Table 3.
Compared with the patients with stage I, stage IIIA did not
significantly increase the HR of RFS (P=0.28), and patients
with end-point events showed no statistically significant
difference (P=0.28). However, patients with stages IIIB
and IIIC had a significantly higher number of recurrence
events than did patients with stage II, and stage IIIB and
IIIC disease were identified as an independent prognostic
factor for RFS [HR, 5.31; 95% confidence interval (CI),
1.64-15.44; P=0.002]. Ki-67 levels >40% was also identified
as an independent prognostic factor for RFS (HR, 2.91;
95% ClI, 1.09-7.80; P=0.03). We further compared the RFS
of patients from different NACT groups within subgroups
according to clinical staging and Ki-67 levels (Figure 3).
There were no significant statistical differences among the
three groups in not only patients with stage II and IITA
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Assessed for eligibility (n=340)

Excluded (n=54)

———— | * Other history of cancer (n=3)

¢ Did not receive full course at our institution (n=25)
e Without taxanes (n=5)

e Bilateral BC (n=1)
e |HC-Luminal A (n=2)
e Non-invasive ductal cancer (n=2)

e Patients with pCR who completed the standard cycle
were given extra chemotherapy (n=2)

5 cycles (n=23) — 18AT, 2PC, 2AT+H, 1PCbH

Analyzed
(n=286) * M1(n=3)
¢ No follow up available (n=11)

pCR and completed the standard cycles of PCR and did not complete the standard
chemotherapy (n=205) cycles of chemotherapy (n=81)
148 completed the whole NACT 3 cycles (n=11) — 4 AT, 3PC, 4PCbH
before surgery 4 cycles
57 did not complete the whole (n=38) — 18AT, 10PC, 5AT+H, 5PCbH
chemotherapy before surgery, but
finished it after surgery 6 cycles (n=1) — 1AT+H

7 cycles (n=8) — 6AT, 1AT+H, 1PCbH

Follow Up

Y

Y

v

Distant recurrence first (n=23)

Local/regional recurrence first

Died of non-breast cancer
event (n=3)

1 mixed/other

10 brain (n=12)

5 bone 4 regional lymph nodes
2 liver 4 contralateral breast

5 lung 4 chest wall

Figure 2 CONSORT diagram. CONSORT, Consolidated Standards of Reporting Trials; NACT, neoadjuvant chemotherapy; pCR,

pathologic complete response; AT, adriamycin plus taxane; PCb, paclitaxel plus carboplatin.

disease but also those at a “high risk” of recurrence (stage
HIB, IIIC and Ki-67 >40%) (Figure 4).

Discussion

Our study did not observe clinically or statistically
significant improvement in the survival of patients
with pCR after NACT; therefore, further adjuvant
chemotherapy may be unnecessary for these patients. In
the past, adjuvant chemotherapy was prescribed after only
evaluating regional lymph nodes as the main prognostic
factor, with patients and doctors alike focusing on small
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statistical differences in survival curves (14). This resulted
in the overtreatment of many patients. In contrast, we
believe chemotherapy for patients with breast cancer
should be based on a comprehensive assessment of the
risk of recurrence, chemosensitivity, risk of treatment,
and economic cost rather than a list of currently available
chemotherapy regimens (15). In the absence of useful
tumor markers, the benefits of additional chemotherapy
are already meager (16). Additional chemotherapy benefits
a minority of patients, whereas the majority receive no
benefit. However, NACT with the primary goal of pCR is

the gateway to individualized treatment for patients with
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Table 1 Patient characteristics of the entire cohort

Characteristics

Number of patients

%

Age, years
21-40
40-60
>60
Menopausal status
Unknown
Premenopausal
Perimenopausal
Postmenopausal
NACT groups
Group 1
Group 2
Group 3
Clinical stage
A
1B
A
1B
nc
IHC-based subtype
Unknown
Luminal-B
Luminal-B/HER2+
HR-/HER2+
Triple-negative
Ki-67 >40%
Yes
No
Unknown
NACT regimen
A+T
PCb
A + T + HER2-target
PCb + HER2-target

58
205
23

135
26
121

148
81
57

14
74
128

61

42
27
35
98
84

96
150
40

218
20
27
21

20
72

47

42

52

28
20

26

45

21

15

12

34

29

34

52

14

76

Table 1 (continued)
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Characteristics Number of patients %
Sequence
Combination 170 59
Sequential 75 26
Schedule
Weekly chemotherapy 36 13
3-weekly chemotherapy 250 87
Adjuvant endocrine
therapy
Yes 65 23
No 221 77
Adjuvant radiation
therapy
Yes 77 27
No 209 73
Outcomes
Progression 35 12
Death without 3 1
progression
Site of metastasis
Distant first 23 61
Brain 10 26
Bone 5 13
Liver 2 5
Lung 5 13
Mixed/other 1 3
Local first 12 32
Chest wall 4 11
Ipsilateral breast 4 11
Regional lymph node 4 11

IHC, immunohistochemical; HER, human epidermal growth
factor receptor; HR, hormone receptor; NACT, neoadjuvant
chemotherapy; A + T, adriamycin plus taxane; PCb, paclitaxel

plus carboplatin.

breast cancer (5,17). Patients without pCR who receive
intensive treatment may gain survival benefits; however, we

aim to achieve individualized de-escalation of chemotherapy

for patients with pCR.
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Overall RFS by NACT groups Table 2 Univariate analysis for factors correlated with survival
1.0+
o % of patients with
Characteristics events (n=286) Log-rank P
g 087 Age, years 0.33
P
3 21-40 10.3
® 0.6
2 Log-rank test P=0.14 41-60 15.1
@
% 0.4 >60 4.3
3 —— Group 1 Menopausal status 0.76
(5]
@ gp{ — Group2 Premenopausal 14.1
—i— Group 3
Perimenopausal 7.7
0.0 — T T T T 1T T 1 Postmenopausal 14.0
0 12 24 36 48 60 72 84 96 108 120
Months Clinical stage <0.0001
1A +11B 5.7
Figure 3 RFS for the entire cohort, compared among the
three NACT groups. NACT, neoadjuvant chemotherapy; RES, A 1.7
recurrence-free survival. B + NG 5.7
IHC-based subtype 0.10
Unknown 14.3
It is well established that pCR differs according to the Luminal-B 12.9
therapeutic regimen and breast cancer subtype (1,8,18), HR-/HER2+ 13.3
and the prognosis of patients with pCR is significantly Triple-negative 13.1
better than that of patients without pCR (19). Previous Ki-67 >40% 0.069
retrospective studies have suggested that there is no Yes 6.3
significant difference in prognosis among different No 17.3
molecular types and NACT regimens in patients with
i . Unknown 15.0
pCR (1,9,20). One meta-analysis by Spring et /. showed
. . . . . .. NACT regimen 0.75
that, in patients who did or did not receive additional
adjuvant chemotherapy after pCR, the 5-year event-free A+T 14.2
survival (EFS) rates were 86% and 88%, respectively, and PCb 100
there was no significant difference (P=0.60) (8). However, A +T + HER2-target 1.1
in that study, the population that did not receive extra PCb + HER2-target 91
chemotherapy was described as “no more than 10% of Sequential 0.28
patients were given postoperative intensive treatment”, Combination 17.6
which is not the same as “no chemotherapy was given”. Sequential 5.2
Moreover, previous studies did not use image-guided biopsy Schedule 0.90
to predict pCR. Further studies must be conducted to Weekly 111
evaluate the effects of various levels of NACT de-escalation 3-weekly 13.6
on the prognosis of patients who have achieved pCR. Adjuvant endocrine therapy 0.90
The present study shows that the REFS of patients with Yes 108
pCR after NACT was not associated with the completion of No 15.4
standard chemotherapy cycles. Consistent with the re.sults Adjuvant radiation therapy 0.36
of Gonzalez-Angulo ez al. (21), we observed that patients v 16.9
es :
with stage IIIB and IIIC disease had a higher recurrence N 119
o .

risk, even if they had achieved pCR. In addition, Gluz

IHC, immunohistochemical; HER, human epidermal growth
factor receptor; HR, hormone receptor; NACT, neoadjuvant
chemotherapy; A + T, adriamycin plus taxane; PCb, paclitaxel
plus carboplatin.

et al. reported that 90% of patients with Ki-67 levels >40%
were at high risk for recurrence (22). Hence, we conducted
our retrospective analysis with a cut-off point of Ki-67
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Figure 4 RFS by NACT groups within “high risk” patients. (A) RES by NACT groups within clinical stage IIA + IIB; (B) RFS by NACT
groups within clinical stage IITA; (C) RFS by NACT groups within clinical stage ITIB + IIIC; (D) RFS by NACT groups within Ki-67 <40%;
(E) RFS by NACT groups within Ki-67 >40%. NACT, neoadjuvant chemotherapy; RFS, recurrence-free survival.

Table 3 HRs of death, based on patient characteristics and treatments received

Variables Contrast HR (95% Cl) P value
NACT groups Group 2 vs. group 1 0.74 (0.29-1.89) 0.53
Group 3 vs. group 1 0.55 (0.23-1.31) 0.18
Age 41-60 vs. =60 2.98 (0.89-9.95) 0.76
20-40 vs. =60 1.21 (0.13-11.79) 0.87
Ki-67 =40 Yes vs. no 2.91 (1.09-7.80) 0.03
Clinical stage A vs. 1A + 11B 1.80 (0.64-5.10) 0.27
B + lIC vs. lIA + 11B 5.13 (1.80-14.58) 0.002

HR, hazard ratio; Cl, confidence interval; NACT, neoadjuvant chemotherapy.

levels of 40% and found that, even with pCR, patients with
Ki-67 >40% had a higher recurrence risk than those with
Ki-67 <40%. Our data support the feasibility of terminating
chemotherapy after achieving pCR, even in these high-risk
patients.

Therefore, it is vital to assess the emergence of pCR
in time. Due to the marked fibrosis after NACT and the
changes in cell density and intraductal cancer after the
disappearance of invasive cancer (23), ultrasonography
and mammography cannot accurately assess residual

© Translational Cancer Research. All rights reserved.

tumors. For magnetic resonance imaging (MRI), recent
studies have primarily used baseline levels of NACT and
other parameters (e.g., tumor size, enhancement pattern,
perfusion parameters obtained from dynamic contrast
enhanced-MRI, and apparent diffusion coefficient values) to
evaluate the sensitivity of NACT (24-27). Chemosensitivity
to early NACT is then used to predict pCR; however, this
approach has a low sensitivity (28,29). In addition, there
are no criteria for assessing pCR after NACT on MRI,

and there are considerable limitations regarding non-mass
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enhancement and non-concentric shrinkage of tumors.
Positron emission computed tomography can also be used
to predict pCR (30); however, it nonetheless has defects
in assessing pCR because it cannot detect lesions <1 cm
in diameter or distinguish reliably between benign and
malignant tumors (31). Imaging-guided minimally invasive
biopsy (MIB) has enormous potential for predicting pCR.
In representative histological specimens of vacuum-assisted
biopsy, the negative predictive value and false-negative rate
are 94.4% and 4.8%, respectively (32). Therefore, assessing
whether to de-escalate chemotherapy under the guidance of
MIB is very promising for individualized NACT.

Whether a single-institution cohort study is suitable
for NACT patients at other institutions still needs to
be confirmed. Our study has several limitations. First,
although there was no statistically significant difference in
RFS among patients in different NACT groups, the broad
CI may not represent the true equality of the RFS, which
may reflect the better prognosis of patients with pCR
(33,34), shorter follow-up times, and inadequate samples
contributing to fewer end-point events (38/286). Second,
among HER2-positive patients, only 36.1% received
HER?2-targeted therapy. Whether the use of targeted
therapy affects survival in HER2-positive patients with pCR
is unclear, with different studies showing conflicting results
(9,20,33). Third, the median follow-up times of groups one,
two, and three were 20, 22, and 51 months, respectively,
which also reflected the NACT trend in our hospital.
That is, after pCR achieved by NACT, fewer doctors and
patients chose additional chemotherapy. Furthermore, the
population distribution of the three groups was imbalanced
because the baseline had biases. However, when we
analyzed the differences in prognostic factors among the
three groups, no significant differences were observed.
Further prospective studies are needed to explore the safety
of individual NACT de-escalation after pCR.

Despite these limitations, the multivariate analyses of
this study revealed that baseline stage IIIB and IIIC disease
and Ki-67 levels of >40%significantly increased the risk
of recurrence of pCR patients compared to those without
these factors. For these high-risk patients, our findings
do not support further chemotherapy after pCR. NACT
can be regarded as a sensitivity assessment for systemic
therapy; patients with sensitive to NACT may further
reduce their risk of recurrence. At present, we still cannot
create a meaningful stratification of patients who achieved
pCR. Achieving pCR is the best therapeutic outcome
for patients, and additional systemic therapy will not

© Translational Cancer Research. All rights reserved.
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significantly improve survival. Until the advent of more
effective systemic therapeutic approaches, pCR can be
regarded as the endpoint of NACT, which can be tailored

and individualized.

Conclusions

Our results suggest that, even with pCR, patients with
baseline stage IIIB and IIIC disease and Ki-67 levels of
>40% had a higher recurrence risk than those without these
factors. The RFS of patients with pCR was not associated
with the completion of standard chemotherapy cycles,
even in high-risk patients. Therefore, it is necessary to
appropriately de-escalate chemotherapy in patients with
pCR to reduce unnecessary toxicity and cost and avoid
excessive treatment.
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