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ABSTRACT

Background. Surgery after neoadjuvant chemotherapy

(NCT) is an accepted treatment approach for locally

advanced and some early-stage breast cancers, even for

patients with a clinical complete response (cCR) after

NCT. This study sought to evaluate the survival outcomes

for patients with cCR to NCT who did not undergo surgery.

Methods. The National Cancer Data Base (NCDB) was

used to identify 93,417 women age 18 years or older with a

diagnosis of invasive breast cancer who received NCT

between 2010 and 2015. The study identified 350 women

with cT1-4, N0-3, and M0 tumors who underwent NCT and

did not have surgery. A matched surgical cohort was

extracted from the NCDB, and overall survival (OS) was

compared between the surgical and nonsurgical patients

after NCT.

Results. Of the 350 NCT patients who did not undergo

surgery, 45 (12.9%) had cCR, 51 (14.6%) had a partial

response, 241 (68.9%) had a response but whether com-

plete or partial was not recorded, and 13 (3.7%) had no

response/progression. The 5-year OS was better in the cCR

group than in the no-cCR group (96.8% vs 69.8%;

p = 0.004). A 5-year OS analysis of the cCR patients

without surgery (n = 45; median follow-up period,

37 months) compared with the patients with a pathologic

complete response who underwent surgery (n = 3938;

median follow-up period, 43 months) showed no statisti-

cally significant difference (96.8% vs 92.5%, respectively;

p = 0.15).

Conclusion. This retrospective cohort study demonstrated

that active surveillance or de-escalation therapy may be an

option for patients who achieve cCR. Prospective studies

are underway to determine whether a subgroup of patients

may forgo surgery in the setting of cCR after NCT.

Neoadjuvant chemotherapy (NCT) can reduce the extent

of surgery for both the breast and the axilla.1 In the last

decade, NCT was widely used not only for locally

advanced breast cancer, but also for some early-stage

breast cancer patients with biologically aggressive sub-

types such as triple-negative breast cancer (TNBC) and

human epidermal growth factor receptor 2-positive

(HER2 ?) disease that normally would need adjuvant

chemotherapy.

Findings have shown that NCT increases breast-con-

servation therapy (BCT) rates without a reduction in

overall survival (OS) or an increased risk of local recur-

rence.2–4 Furthermore, NCT allows physicians to monitor

in vivo efficacy of the treatment, and it also is used as a

surrogate clinical end point for long-term survival when a

pathologic complete response (pCR) is achieved.5
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Developments of new drugs and treatment combinations

have increased the rates of response, and pCR is achieved

for up to 60% of patients, especially those with HER2 ?

and TNBC subtypes.6–8 These increased pCR rates have

led to studies about omitting surgery for a select subgroup

of patients who have high concordance between clinical

complete response (cCR), which is evaluated before

definitive surgery, and pCR, which is evaluated after sur-

gery as a final pathology report.

Early attempts to omit surgery and administer radio-

therapy after a cCR date back to late 1970s.4–9 However,

due to high local–regional recurrence (LRR) rates, this

treatment approach was put aside.4 In the modern era,

higher cCR rates concordant with pCR rates and develop-

ments of highly sensitive and specific imaging methods and

biopsy techniques have revived the idea of obviating local

therapy. Very few patients undergo no surgery after NCT.

The reason for no surgery usually is the patient’s prefer-

ence, but sometimes it could be the physician’s choice due

to accompanying comorbidities. Because data are limited

concerning patients with cCR after NCT who did not

undergo surgery, we sought to evaluate the survival out-

comes for these patients using the National Cancer Data

Base (NCDB).

METHODS

Patient Cohort

Using the NCDB, we identified 93,417 women 18 years

of age or older who had a diagnosis of invasive breast

cancer and received NCT between 2010 and 2015. To

demonstrate the effect of NCT on survival, we extracted

two different cohorts (nonsurgical and surgical cohorts)

depending on the inclusion and exclusion criteria further

defined.

For our nonsurgical cohort, the study excluded patients

who had undergone surgery, patients who received

neoadjuvant endocrine therapy, patients with clinical or

pathologic Stage 4 cancer as defined by the American Joint

Committee on Cancer (AJCC) 7th edition, patients with

more than one cancer during a lifetime, patients with in situ

carcinoma in histology, and patients with unknown or

missing survival data. To define our nonsurgical cohort

further, we excluded patients with discordant (i.e., no

surgery mentioned but pathologic stage given) or missing

data related to our inclusion criteria.

Our final nonsurgical cohort included 350 patients

(Fig. 1). We divided our nonsurgical cohort into two

groups (cCR and non-cCR) for further analysis. Uni- and

multivariate analyses to demonstrate association with cCR

were performed.

For our surgical cohort, patients who underwent surgery

after NCT were included. All the remaining exclusion

criteria for the nonsurgical cohort also applied to this

group. Our final surgical cohort included 33,326 patients.

In the NCDB, complete response is defined as no

residual tumor after completion of NCT. Partial response is

defined as residual tumor after completion of NCT but not

larger than the initial status of the tumor. Response is

defined as a response to NCT without the type of response

being defined as a complete or partial response after

completion of NCT. No response (NR) is defined as

stable disease or progression of the tumor after completion

of NCT. Furthermore, if the patient did not undergo sur-

gery, response to NCT is defined as a clinical response as

stated in physician’s notes. But if the patient underwent

surgery, response to NCT is defined as a pathologic

response because NCDB does not present the clinical

response after NCT if the patient had surgery. Therefore,

cCR will hereafter define complete response for patients

without surgery, and pCR will define complete response for

patients with surgery.

Statistical Analysis

To assess differences in categorical and continuous

variables, Pearson’s Chi square, independent samples t test,

and one-way analysis of variance (ANOVA) were per-

formed. Variables related to cCR with p values lower than

0.10 in the univariable analysis were entered into a mul-

tivariable binary logistic regression model. Overall survival

was defined as the time from diagnosis to death or last

contact with the patient, at which point the patient was

right censored.

Although response to NCT in NCDB was divided into

four groups (cCR, clinical partial response [cPR], clinical

response [cR], and NR), we divided the nonsurgical cohort

into two groups as mentioned earlier. Differences between

categorical and continuous variables were calculated

between the cCR and no-cCR groups. Kaplan–Meier sur-

vival curves were used to illustrate OS differences for the

entire nonsurgical cohort and subgroups. Log-rank tests

with p values lower than 0.05 were considered statistically

significant. Finally, to determine whether OS differed

between the nonsurgical cCR cohort and the surgical pCR

cohort after NCT, we performed a Kaplan–Meier survival

analysis comparing these two complete responder groups.

The NCDB gives only OS, not the disease-free survival

of patients. To account for this limitation, we examined the

Charlson-Deyo comorbidity scores of the patients. This

scoring system presents the 10-year estimated survival of

the patient depending on 15 major comorbidities.10 In the

NCDB output, it is classified as scores 0, 1, 2, and C 3. The

estimated 10-year survival rate according to the Charlson/
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Deyo comorbidity score is 98% for score 0, 96% for score

1, 90% for score 2, and B 77% for score C 3. Statistical

analysis was performed using SPSS version 24.0 (released

2016 as IBM SPSS Statistics for Windows; IBM Corp,

Armonk, NY, USA).

RESULTS

We identified 350 breast cancer patients who received

NCT but did not undergo surgery (Fig. 1). The demo-

graphics and clinic-pathologic features of these patients are

summarized in Table 1. The median follow-up time was

30 months. Of the 350 patients, 45 (12.9%) had cCR, 51

(14.6%) had cPR, 241 (68.9%) had cR, and 13 (3.7%) had

NR. The cCR and no-cCR groups did not exhibit any sta-

tistically significant demographic differences. The

Charlson-Deyo comorbidity score was lower than 2 for 334

(95.4%) of the patients (100% for cCR vs 94.8% for no-

cCR; p = 0.45).

The patients in the cCR group had smaller tumor sizes

(T1–T2) than the no-cCR group (36 [80%] of 45 of cCR vs

162 [53.8%] of 305 for no-cCR; p\ 0.001). In contrast,

nodal involvement was more frequent in the cCR group

(91.1% [n = 41] for cCR vs 68.5% [n = 209] for no-cCR;

p\ 0.001).

The AJCC 7th edition clinical staging did not differ

between the two groups. The histologic subtype was

invasive ductal carcinoma for 90% (n = 315) of the non-

surgical cohort. Luminal, HER2 ?, and TNBC were well-

balanced between the cCR and no-cCR groups (p = 0.53)

(Table 1). The cCR rates for receptor subgroups were 9.8%

for HR ?/HER2–, 11.1% for HR ?/HER2 ?, 17.6% for

HR–/HER2 ?, and 12.8% for HR–/HER2–.

Breast cancer patients  ≥ 18
National Cancer Data Base (NCDB), 2004-2015 

(N=2,445,870)

Neoadjuvant  therapy 
administered 
(N=93,417)

Exclude;

•     Patients       underwent       surgery       or
      pathological staging mentioned. 
• More than 1 cancer over the lifetime.
• Caseswith metastasis.
• In-situ carcinoma.
• Only neoadjuvant hormonal therapy.
• Cases with  missing  or  discordant   data 

about  systemic  therapy, follow-up, vital 
status.

Patients  received  Neoadjuvant 
chemotherapy    (No surgery)

(N=350)

cCR

(N=45)

no-cCR
(N=305)

FIG. 1 Flow diagram for breast cancer patients who received neoadjuvant chemotherapy not followed by surgery; National Cancer Data Base

(NCDB) 2004–2015. cCR, clinical complete response

3262 E. Özkurt et al.



T
A
B
L
E
1

D
em

o
g

ra
p

h
ic

,
cl

in
ic

,
an

d
p

at
h

o
lo

g
ic

ch
ar

ac
te

ri
st

ic
s

o
f

b
re

as
t

ca
n

ce
r

p
at

ie
n

ts
w

h
o

re
ce

iv
ed

n
eo

ad
ju

v
an

t
ch

em
o

th
er

ap
y

V
ar

ia
b

le
s

N
o

-s
u

rg
er

y
co

h
o

rt
S

u
rg

er
y

co
h

o
rt

A
ll

p
at

ie
n

ts
R

es
p

o
n

se
to

n
eo

ad
ju

v
an

t
ch

em
o

th
er

ap
y

P
V

al
u

e
A

ll
p

at
ie

n
ts

R
es

p
o

n
se

to
n

eo
ad

ju
v

an
t

ch
em

o
th

er
ap

y
P

V
al

u
e

C
li

n
ic

al
C

R
N

o
n

-c
li

n
ic

al
C

R
P

at
h

o
lo

g
ic

C
R

N
o

n
-p

at
h

o
lo

g
ic

C
R

N
=

3
5

0
(1

0
0

%
)

n
(%

)

N
=

4
5

(1
2

.9
%

)

n
(%

)

N
=

3
0

5
(8

7
.1

%
)

n
(%

)

N
=

3
3

,3
2

6
(1

0
0

%
)

n
(%

)

N
=

3
9

3
8

(1
1

.8
%

)

n
(%

)

N
=

2
9

,3
8

8
(8

8
.2

%
)

n
(%

)

M
ed

ia
n

ag
e

(2
3

–
9

0
y

ea
rs

)
5

4
(2

3
–

8
8

)
5

4
(3

3
–

7
9

)
5

4
(2

3
–

8
8

)
0

.9
5

2
(1

8
–

9
0

)
5

0
(2

0
–

9
0

)
5

2
(1

8
–

9
0

)
\

0
.0

0
1

M
ed

ia
n

fo
ll

o
w

-u
p

(3
–

1
5

6
m

o
n

th
s)

3
0

(1
–

8
0

)
3

7
(1

5
–

8
0

)
2

9
(1

–
7

5
)

\
0

.0
0

1
3

7
(1

–
8

6
)

4
3

(3
–

8
5

)
3

6
(1

–
8

6
)

\
0

.0
0

1

R
ac

e
0

.6
9

0
.7

2

N
o

n
-H

is
p

an
ic

w
h

it
e

2
3

8
(6

8
)

3
3

(7
3

.3
)

2
0

5
(6

7
.2

)
2

5
,4

4
8

(7
6

.4
)

3
0

2
2

(7
6

.7
)

2
2

,4
2

6
(7

6
.3

)

N
o

n
-H

is
p

an
ic

b
la

ck
9

0
(2

5
.7

)
1

0
(2

2
.2

)
8

0
(2

6
.2

)
5

7
1

1
(1

7
.1

)
6

5
7

(1
6

.7
)

5
0

5
4

(1
7

.2
)

O
th

er
2

2
(6

.3
)

2
(4

.4
)

2
0

(6
.6

)
2

1
6

7
(6

.5
)

2
5

9
(6

.6
)

1
9

0
8

(6
.5

)

C
h

ar
ls

o
n

-D
ey

o
co

m
o

rb
id

it
y

sc
o

re

0
.4

5
\

0
.0

0
1

0
2

9
9

(8
5

.4
)

4
1

(9
1

.1
)

2
5

8
(8

4
.6

)
2

9
,0

7
2

(8
7

.2
)

3
5

4
0

(8
9

.9
)

2
5

,5
3

2
(8

6
.9

)

1
3

5
(1

0
)

4
(8

.9
)

3
1

(1
0

.2
)

3
5

9
3

(1
0

.8
)

3
4

8
(8

.8
)

3
2

4
5

(1
1

)

2
1

2
(3

.4
)

0
1

2
(3

.9
)

5
3

7
(1

.6
)

3
9

(1
)

4
9

8
(1

.7
)

3
4

(1
.1

)
0

4
(1

.3
)

1
2

4
(0

.4
)

1
1

(0
.3

)
1

1
3

(0
.4

)

A
JC

C
cl

in
ic

al
T

st
ag

e
\

0
.0

0
1

\
0

.0
0

1

cT
1

7
7

(2
2

)
2

1
(4

6
.7

)
5

6
(1

8
.4

)
4

4
5

5
(1

3
.4

)
8

1
2

(2
0

.6
)

3
6

4
3

(1
2

.4
)

cT
2

1
2

3
(3

5
.1

)
1

5
(3

3
.3

)
1

0
8

(3
5

.4
)

1
5

,8
2

9
(4

7
.5

)
1

9
3

2
(4

9
.1

)
1

3
,8

9
7

(4
7

.3
)

cT
3

6
1

(1
7

.4
)

2
(4

.4
)

5
9

(1
9

.3
)

7
6

1
9

(2
2

.9
)

6
8

5
(1

7
.4

)
6

9
3

4
(2

3
.6

)

cT
4

7
3

(2
0

.9
)

3
(6

.7
)

7
0

(2
3

)
4

6
4

4
(1

3
.9

)
4

1
3

(1
0

.5
)

4
2

3
1

(1
4

.4
)

cT
x

1
6

(4
.6

)
4

(8
.9

)
1

2
(3

.9
)

7
7

9
(2

.3
)

9
6

(2
.4

)
6

8
3

(2
.3

)

A
JC

C
cl

in
ic

al
N

st
ag

e
\

0
.0

0
1

\
0

.0
0

1

cN
0

9
3

(2
6

.6
)

4
(8

.9
)

8
9

(2
9

.2
)

1
2

,0
5

4
(3

6
.2

)
1

6
4

4
(4

1
.7

)
1

0
,4

1
0

(3
5

.4
)

cN
1

1
5

5
(4

4
.3

)
2

0
(4

4
.4

)
1

3
5

(4
4

.3
)

1
5

,6
8

0
(4

7
.1

)
1

9
7

9
(4

2
.6

)
1

4
,0

0
1

(4
7

.6
)

cN
2

5
6

(1
6

)
1

9
(4

2
.2

)
3

7
(1

2
.1

)
3

1
1

4
(9

.3
)

3
4

8
(8

.8
)

2
7

6
6

(9
.4

)

cN
3

3
9

(1
1

.1
)

2
(4

.4
)

3
7

(1
2

.1
)

1
7

6
9

(5
.3

)
1

8
3

(4
.7

)
1

5
8

6
(5

.5
)

cN
x

7
(2

)
0

7
(2

.3
)

7
0

9
(2

.1
)

8
4

(2
.2

)
6

2
5

(2
.1

)

A
JC

C
cl

in
ic

al
st

ag
ea

0
.3

2
\

0
.0

0
1

1
1

4
(4

.2
)

0
1

4
(4

.8
)

2
2

5
6

(6
.9

)
4

6
7

(1
2

.1
)

1
7

8
9

(6
.2

)

2
1

5
0

(4
5

.3
)

1
8

(4
3

.9
)

1
3

2
(4

5
.5

)
1

8
,0

5
6

(5
5

.5
)

2
1

9
1

(5
6

.9
)

1
5

,8
6

5
(5

5
.3

)

3
1

6
7

(5
0

.5
)

2
3

(5
6

.1
)

1
4

4
(4

9
.7

)
1

2
,2

3
8

(3
7

.6
)

1
1

9
6

(3
1

)
1

1
,0

4
2

(3
8

.5
)

H
is

to
lo

g
y

0
.2

0
\

0
.0

0
1

ID
C

3
1

5
(9

0
)

3
8

(8
4

.4
)

2
7

7
(9

0
.8

)
2

8
,0

5
9

(8
4

.2
)

3
5

4
0

(8
9

.9
)

2
4

,5
1

9
(8

3
.4

)

IL
C

1
3

(3
.7

)
1

(2
.2

)
1

2
(3

.9
)

2
1

0
1

(6
.3

)
1

4
2

(3
.6

)
1

1
,9

5
9

(6
.7

)

Survival Outcomes in Complete Responders 3263



T
A
B
L
E
1

co
n

ti
n

u
ed

V
ar

ia
b

le
s

N
o

-s
u

rg
er

y
co

h
o

rt
S

u
rg

er
y

co
h

o
rt

A
ll

p
at

ie
n

ts
R

es
p

o
n

se
to

n
eo

ad
ju

v
an

t
ch

em
o

th
er

ap
y

P
V

al
u

e
A

ll
p

at
ie

n
ts

R
es

p
o

n
se

to
n

eo
ad

ju
v

an
t

ch
em

o
th

er
ap

y
P

V
al

u
e

C
li

n
ic

al
C

R
N

o
n

-c
li

n
ic

al
C

R
P

at
h

o
lo

g
ic

C
R

N
o

n
-p

at
h

o
lo

g
ic

C
R

N
=

3
5

0
(1

0
0

%
)

n
(%

)

N
=

4
5

(1
2

.9
%

)

n
(%

)

N
=

3
0

5
(8

7
.1

%
)

n
(%

)

N
=

3
3

,3
2

6
(1

0
0

%
)

n
(%

)

N
=

3
9

3
8

(1
1

.8
%

)

n
(%

)

N
=

2
9

,3
8

8
(8

8
.2

%
)

n
(%

)

ID
C

?
IL

C
1

3
(3

.7
)

4
(8

.9
)

9
(3

)
1

2
7

5
(3

.8
)

9
3

(2
.4

)
1

1
8

2
(4

)

O
th

er
9

(2
.6

)
2

(4
.4

)
7

(2
.3

)
1

8
9

1
(5

.7
)

1
6

3
(4

.1
)

1
7

2
8

(5
.9

)

M
B

R
g

ra
d

ea
0

.5
0

\
0

.0
0

1

1
9

(4
.5

)
0

9
(4

.9
)

2
8

3
1

(9
.7

)
2

3
9

(7
.5

)
2

5
9

2
(1

0
)

2
6

3
(3

1
.3

)
5

(2
6

.3
)

5
8

(3
1

.9
)

1
1

,6
5

3
(4

0
.2

)
1

0
3

3
(3

2
.4

)
1

0
,6

2
0

(4
1

.1
)

3
1

2
9

(6
4

.2
)

1
4

(7
3

.7
)

1
1

5
(6

3
.2

)
1

4
,5

5
6

(5
0

.1
)

1
9

1
5

(6
0

.1
)

1
2

,6
4

1
(4

8
.9

)

E
R

st
at

u
sa

0
.1

0
\

0
.0

0
1

P
o

si
ti

v
e

1
6

8
(4

8
.8

)
1

5
(3

6
.6

)
1

5
3

(5
0

.5
)

2
1

,5
2

7
(6

4
.9

)
2

0
0

5
(5

1
.3

)
1

9
,5

2
2

(6
6

.7
)

N
eg

at
iv

e
1

7
6

(5
1

.2
)

2
6

(6
3

.4
)

1
5

0
(4

9
.5

)
1

1
,6

2
8

(3
5

.1
)

1
9

0
0

(4
8

.7
)

9
7

2
8

(3
3

.3
)

P
R

st
at

u
sa

0
.2

3
\

0
.0

0
1

P
o

si
ti

v
e

1
2

9
(3

2
.5

)
1

2
(2

9
.3

)
1

1
7

(3
8

.6
)

1
8

,0
0

4
(5

5
.4

)
1

6
0

3
(4

1
.2

)
1

6
,4

0
1

(5
6

.2
)

N
eg

at
iv

e
2

1
5

(6
2

.5
)

2
9

(7
0

.7
)

1
8

6
(6

1
.4

)
1

5
,0

9
5

(4
5

.6
)

2
2

8
9

(5
8

.8
)

1
2

,8
0

6
(4

3
.8

)

H
E

R
2

st
at

u
sa

0
.4

6
\

0
.0

0
1

P
o

si
ti

v
e

9
6

(2
9

.3
)

1
4

(3
5

)
8

2
(2

8
.5

)
8

3
2

7
(2

6
.1

)
1

3
6

9
(3

6
.8

)
6

9
5

8
(2

4
.7

)

N
eg

at
iv

e
2

3
2

(7
0

.7
)

2
6

(6
5

)
2

0
6

(7
1

.5
)

2
3

,6
2

2
(7

3
.9

)
2

3
5

5
(6

3
.2

)
2

1
,2

6
7

(7
5

.3
)

R
ec

ep
to

r
st

at
u

sa
0

.5
3

\
0

.0
0

1

H
R

?
/H

E
R

2
–

1
2

3
(3

7
.5

)
1

2
(3

0
)

1
1

1
(3

8
.5

)
1

5
,4

5
0

(4
8

.4
)

1
1

5
6

(3
1

,1
)

1
4

,2
9

4
(5

0
.7

)

H
R

?
/H

E
R

2
?

4
5

(1
3

.7
)

5
(1

2
.5

)
4

0
(1

3
.9

)
5

7
9

6
(1

8
.2

)
8

1
9

(2
2

)
4

9
7

7
(1

7
.6

)

H
R

–
/H

E
R

2
?

5
1

(1
5

.5
)

9
(2

2
.5

)
4

2
(1

4
.6

)
2

5
2

0
(7

.9
)

5
4

7
(1

4
.7

)
1

9
7

3
(7

)

H
R

–
/H

E
R

2
–

1
0

9
(3

3
.2

)
1

4
(3

5
)

9
5

(3
3

)
8

1
6

4
(2

5
.6

)
1

1
9

9
(3

2
.2

)
6

9
6

5
(2

4
.7

)

R
ad

ia
ti

o
n

th
er

ap
y

a
\

0
.0

0
1

\
0

.0
0

1

Y
es

1
0

6
(3

0
.8

)
3

3
(7

3
.3

)
7

3
(2

4
.4

)
2

6
.0

1
9

(7
8

.3
)

2
9

1
4

(7
4

.1
)

2
3

,1
0

5
(7

8
.9

)

N
o

2
3

8
(6

9
.2

)
1

2
(2

6
.7

)
2

2
6

(7
5

.6
)

7
2

1
1

(2
1

.7
)

1
0

1
6

(2
5

.9
)

6
1

9
5

(2
1

.1
)

A
d

ju
v

an
t

en
d

o
cr

in
e

th
er

ap
y

a
0

.0
7

\
0

.0
0

1

Y
es

6
2

(1
9

.5
)

1
2

(2
9

.3
)

5
0

(1
8

.1
)

2
2

,1
2

6
(6

7
.7

)
2

1
6

5
(5

6
.1

)
1

9
,9

6
1

(6
9

.3
)

N
o

2
5

6
(8

0
.5

)
2

9
(7

0
.7

)
2

2
7

(8
1

.9
)

1
0

,5
4

8
(3

2
.3

)
1

6
9

5
(4

3
.9

)
8

8
5

3
(3

0
.7

)

N
at

io
n

al
C

an
ce

r
D

at
a

B
as

e
(N

C
D

B
)

2
0

1
0

–
2

0
1

5

C
R

C
o

m
p

le
te

re
sp

o
n

se
;
A
JC

C
A

m
er

ic
an

jo
in

t
co

m
m

it
te

e
o

n
ca

n
ce

r;
ID

C
in

v
as

iv
e

d
u

ct
al

ca
rc

in
o

m
a;
IL
C

in
v

as
iv

e
lo

b
u

la
r

ca
rc

in
o

m
a;
M
B
R

m
o

d
ifi

ed
B

lo
o

m
-R

ic
h

ar
d

so
n

;
E
R

es
tr

o
g

en
re

ce
p

to
r;

P
R

p
ro

g
es

te
ro

n
e

re
ce

p
to

r;
H
E
R
2

h
u

m
an

ep
id

er
m

al
g

ro
w

th
fa

ct
o

r
re

ce
p

to
r

2
;
H
R

h
o

rm
o

n
e

re
ce

p
to

r
a
M

is
si

n
g

d
at

a
n

o
t

in
cl

u
d

ed
an

d
p

er
ce

n
ta

g
es

ca
lc

u
la

te
d

fo
r

av
ai

la
b

le
d

at
a
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In the nonsurgical group, 19.5% (n = 62) of the patients

received adjuvant endocrine therapy (29.3% of cCR vs

18.1% of no-cCR; p = 0.07), and 30.8% (n = 106) received

radiation therapy (73.3% of cCR vs 24.4% of no-cCR;

p\ 0.001). In the multivariable analysis, the significant

predictors for cCR after NCT were clinical stage T2 or

lower (odds ratio [OR], 6.56; 95% confidence interval [CI],

2.48–17.32; p\ 0.001) and nodal positivity (OR, 5.02;

95% CI, 1.71–14.69; p = 0.003).

During a median follow-up time of 30 months, Kaplan–

Meier survival analysis showed significant 5-year OS dif-

ferences between the groups (96.8% for cCR, 86.2% for

cPR, 63.2% for cR, and 58.9% for NR; p = 0.012, log rank)

(Fig. 2). The 5-year OS was 96.8% for the cCR group and

69.8% for the no-cCR group (p = 0.004) (Fig. 2).

The differences in OS between the surgical and non-

surgical cohorts were compared (Figs. 3 and 4). The 5-year

OS was 79% for the surgical cohort and 74.8% for the

nonsurgical cohort (p = 0.003). To validate the OS differ-

ence between the pCR and no-pCR after NCT for the

surgical cohort, we performed a Kaplan–Meier survival

analysis, which showed a significant OS difference in favor

of the pathologic complete responders (87.3% for pCR vs

77.8% for no-pCR; p\ 0.001) (Fig. 3). Additionally, for

the patients in the surgical cohort who achieved pCR ver-

sus the patients in the nonsurgical cohort who achieved

cCR (complete responders), the 5-year OS rates were

respectively 92.5% (median follow-up period, 43 months)

and 96.8% (median follow-up period, 37 months)

(p = 0.15) (Fig. 4).

Finally, the survival analysis comparing the complete

responder patients without surgery who received radio-

therapy and the complete responder patients with breast-

conservation surgery (BCS) who received radiotherapy

demonstrated no significant OS difference (86.9% for

BCS ? radiotherapy vs 95.7% for no surgery ? radio-

therapy; p = 0.26) (Fig. 4).

DISCUSSION

Findings have shown long-term survival to be similar

between NCT and adjuvant chemotherapy.11,12 Addition-

ally, patients who achieve pCR have better survival than

patients who do not achieve pCR. The United States Food

and Drug Administration and the European Medicine

Agency are considering pCR as an end point for acceler-

ated approval for the development of new treatments and

drugs for high-risk operable breast cancers.13,14

The current practice for patients who received NCT for

non-metastatic breast cancer is surgery to the breast and

axilla regardless of response. Omitting cancer surgery for

clinical complete responders is not a new concept, but until

recently, it had largely been abandoned. No surgery for

clinical complete responders after neoadjuvant treatment

has been accepted for different fields and specific
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subgroups in surgical oncology such as gastrointestinal

tract cancers (esophageal, gastric, and anal cancers) and

prostate cancer.15

Breast surgical oncology saw its first attempts to omit

surgery in the late 1970s.16 However, these trials showed

unacceptable rates of LRR, and omission of surgery was

abandoned. This abandonment was due to a lack of

effective therapies with low cCR and pCR rates, imprecise

radiotherapy, and lack of precise imaging methods to

determine cCR patients concordant with pCR.

Identifying cCR patients before surgery is easier than in

the past, but still needs to be improved. The possibility of

omitting surgery for some patients after NCT is emerging

as a new research field.17 However, none of the imaging
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Survival Time (Months)
,00 20,00 40,00 60,00 80,00 100,00

Su
rv

iv
al

 P
ro

ba
bi

lit
y

0,0

0,2

0,4

0,6

0,8

1,0

Survival Time (Months)
,00 20,00 40,00 60,00 80,00 100,00

Su
rv

iv
al

 P
ro

ba
bi

lit
y

0,0

0,2

0,4

0,6

0,8

1,0

log rank p=0.15 log rank p=0.26

No Surgery
Surgery BCS+RT

No Surgery+RT45

3938

38

3578

19

2176

8

969

0

41

0

0

33

2914

28

2669

15

1657

6

763

0

32

0

0

No. at risk No. at risk

(a) (b)

Surgical
Treatment Status 

No Surgery
Surgery
No Surgery-censored
Surgery-censored

Surgical
Treatment Status 

No Surgery + RT
BCS+RT
No Surgery +RT-censored
BCS+RT-censored

Overall  Survival (complete responders) Overall  Survival (complete responders) 

FIG. 4 Kaplan-Meier survival plots for neoadjuvant chemotherapy

patients who showed a complete clinical response without surgery and

a complete pathologic response with surgery in the National Cancer

Data Base (NCDB). Survival analysis was performed (a) for complete

responders and (b) for radiation therapy effect on clinical complete

response cases without surgery and pathologic complete response
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methods, not even trimodality imaging (mammography,

ultrasound, magnetic resonance imaging), gives adequate

information for choosing cCR patients concordant with

pCR whose surgery can be omitted.18–20

Different international research groups have completed

feasibility trials and ongoing clinical trials that investigate

omitting surgery for exceptional responders after

NCT.9,17,21–24 These trials have focused on accurate pre-

diction of the residual disease in the setting of NCT with

the help of image-guided biopsy. Despite some differences

between inclusion criteria, clinical evaluation, and biopsy

techniques, principally in these trials, non-metastatic

operable patients underwent clinical evaluation and image-

guided biopsy after completion of NCT and before

definitive surgery. The biopsy results and final pathology

results were compared for sensitivity, specificity, predic-

tivity, and accuracy of the pre-surgical biopsy.25 These

trials demonstrated that multiple biopsies with adequate

technique can clinically predict pCR after completion of

NCT.

Currently, an ongoing phase 2 study conducted by MD

Anderson Cancer Center is investigating omission of sur-

gery for T1-2, N0-1, HER2 ?, and TNBC patients who

received NCT and achieved pCR with a minimum of 12

cores using vacuum-assisted 9-gauge core biopsies.15

Patients who show achievement of pCR on biopsy will no

longer receive surgery, but instead will be treated with

whole-breast radiotherapy. The primary end point is ipsi-

lateral breast tumor recurrence-free survival.15

Our study investigated a cohort of 350 patients who did

not undergo surgery after NCT. The Collaborative Trials in

Neoadjuvant Breast Cancer (CTNeoBC) considers that at

least 36 months of follow-up evaluation are necessary for

effective survival analysis.8 The follow-up time for the

nonsurgical cohort was short (30 months), but the follow-

up time was 37 months for the nonsurgical cCR subgroup

(n = 45). Because 95% of the nonsurgical cohort had

Charlson-Deyo comorbidity scores of 0 (85.4%) and 1

(10%), the comorbidity score was not higher than 1 for the

entire nonsurgical cCR sub-group (Table 1). Therefore, we

can make an inference that OS may represent survival

depending on primary breast cancer.

In the literature, response rates depend on tumor char-

acteristics, specifically tumor subtypes. Patients with

HER2 ? and TNBC tend to achieve a higher pCR,

reaching 60–80%.11 Similarly, the cCR rates for the non-

surgical cohort in the NCDB records are the highest for the

patients with HER2 ? and TNBC subtypes (28.7% and

12.8%, respectively) and lowest for the patients with an

HR ? subtype (9.8%), yet not as high as mentioned in the

literature for the HER2 ? and TNBC subtypes.

In the current study, another factor affecting the cCR

rate was clinical T stage, with T1 and T2 showing higher

rates of response. This also was stated in a pooled analysis

by the CTNeoBC group8 and in a meta-analysis by Li

et al.12

Another area of discordance in our study was the use of

radiotherapy after completion of NCT. Previous and

ongoing trials necessitated a radiotherapy alternative to

surgery when surgery was omitted.25 In our nonsurgical

cohort, significantly more patients in the cCR subgroup

received radiotherapy than in the non-cCR group (73.3% vs

24.4%; p\ 0.001; Table 1), and this could have affected

OS rates.

Our study had several other limitations and challenges.

First, as mentioned earlier, the NCDB records report OS

only for each case and does not report disease-free survival,

LRR-free survival, or other types of survival. We tried to

overcome this by analyzing the Charlson-Deyo comorbid-

ity score of the patients.

Second, although NCDB neoadjuvant data are available

between 2010 and 2015, we had a short follow-up time for

the nonsurgical cohort (median, 30 months).

Third, the clinical response to NCT is recorded from

physician’s notes, which can be subjective. It is unclear

whether the physician determined the response by physical

examination only, imaging only, or the two combined.

Besides, if the patient had surgery, only pathologic

response is mentioned, not the clinical response before

surgery so a comparison between cCR and pCR can be

made between the surgical and nonsurgical groups.

Fourth, our study had a low response rate and a lack of

information on the clinical response rate, which is more

important because we had a large number of patients for

whom the type of clinical response they achieved with

NCT was unknown to us. Additionally, the NCDB has no

information about names of agents (chemotherapy, anti-

HER2 therapy) used in treatment regimens.

Finally, due to the small sample size of cases with cCR

(n = 45) and only one event that occurred, the statistical

analysis was not strong.

To the best of our knowledge, this is the largest retro-

spective cohort study to analyze nonsurgical patients after

NCT. This retrospective cohort study demonstrated that

active surveillance or de-escalating therapy to the primary

tumor site could be a possible option to consider for

patients who achieve cCR after NCT as part of a clinic

trial. The results from ongoing trials together with new

drug combination therapies and improved imaging and

biopsy techniques may help physicians to identify patients

who may not need surgery to the breast after NCT.
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