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Abstract. Aim: Patients with triple-negative breast cancer
(TNBC) who have not achieved pathological complete
response (pCR) after neoadjuvant chemotherapy (NAC) were
considered for adjuvant capecitabine. This study was to
explore the utility of the Neo-Bioscore in guiding post-surgical
therapy in TNBC. Patients and Methods: The Neo-Bioscore
was calculated for patients with non-metastatic primary breast
cancer who received NAC at National Cancer Center Hospital
East, Japan. Results: A total of 329 patients were evaluated.
The Neo-Bioscore stratified prognosis after NAC better than
clinical or pathological stage. The Neo-Bioscore performed
well in the selection of patients with TNBC with excellent
prognoses despite non-pCR; no death was observed in patients
who had a Neo-Bioscore of 2, the lowest score in those with
TNBC. Conclusion: The Neo-Bioscore can improve the
prognostic stratification of patients after NAC for breast
cancer over clinical and pathological staging and may enable
the identification of patients with non-pCR TNBC who can
avoid additional adjuvant chemotherapy.

Neoadjuvant chemotherapy (NAC) has been adopted as the
standard of care for early and locally advanced breast cancer
for the past two decades. While NAC does not improve
disease-free survival (DFS) or overall survival (OS) compared
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with adjuvant chemotherapy composed of the same treatment
regimen (1-3), NAC has several advantages over adjuvant
chemotherapy. Firstly, it increases the chance for breast-
conserving surgery even when mastectomy is the only option
at diagnosis. Secondly, clinical response can be monitored by
measuring tumor size during NAC, which prevents giving
ineffective chemotherapy to the patient. Thirdly, the
effectiveness of the particular chemotherapy can be evaluated
pathologically. Pathological complete response (pCR) is
generally associated with a good prognosis (4). Until recently,
however, pathological response was used only as a prognostic
marker and not as a determinant of treatment after surgery.
Two randomized phase III trials provided a paradigm shift
showing that the prognosis of patients who have residual
disease (non-pCR) can be improved by giving additional
treatment over standard therapy (5, 6). The first trial was
CREATE X, in which patients with human epidermal growth
factor receptor 2 (HER2)-negative breast cancer who had
residual disease after standard NAC were randomized to
standard therapy as the control arm or standard therapy plus
capecitabine as the experimental arm (5). Capecitabine
treatment was found to significantly improve DFS and OS
[hazard ratio (HR)=0.70, 95% confidence interval (CI)=0.53-
0.92; and 0.59, 95% CI=0.39-0.90, respectively], along with
increased incidence of diarrhea, mucositis, and hand-foot
syndrome. The benefit of adding capecitabine was particularly
prominent in patients with triple-negative breast cancer (TNBC)
(DFS: 69.8% in the capecitabine group vs. 59.1% in the control
group; HR=0.58, 95% CI=0.39-0.87). Based on these results,
the National Comprehensive Cancer Network guideline
recommends adjuvant capecitabine only in patients with TNBC
who have residual disease after NAC (7). The second trial was
KATHERINE, in which patients with HER2-positive breast
cancer who had residual disease after standard NAC containing
trastuzumab were randomized to continuing trastuzumab as the
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Table 1. Point assignments for Neo-Bioscore staging systems.

Table II. Patient demographics and baseline disease characteristics.

Subgroup Neo-Bioscore points Characteristic Subgroup No. of patients (%)

Clinical stage 1 0 Pretreatment cT1 16 (4.9)

1A 0 clinical tumor cT2 204 (62)

1IB 1 stage cT3 54 (16)

IITA 1 cT4a-c 50 (15)

1B 2 cT4d 4(12)

1IIC 2 Unknown 1(0.3)

Pathological stage 0 0 Pretreatment cNO 102 (31)

I 0 clinical nodal cN1 151 (46)

1A 1 status cN2 13 (4.0)

1B 1 cN3 63 (19)

1A 1 Tumor nuclear 1 150 (46)

111B 1 grade* I 90 (27)

jie 2 1II 89 (27)

Tumor marker ER-negative 1 Hormone-receptor Negative 148 (45)

Grade 3 1 status® Positive 181 (55)

HER2-negative 1 HER?2 status* Negative 237 (72)

Positive 92 (28)

ER: Estrogen receptor; HER2: human epidermal growth factor receptor 2. Breast cancer Luminal type 135 (41)

subtype* (ER+/HER2-)

HER2+ (ER+ or ER-) 92 (28)

TNBC 102 (31)

Ki-67* <20% 119 (36)

control arm or switching to trastuzumab-emtansine (T-DM1) as >20% 210 (24)

the experimental arm (6). T-DM1 resulted in improved invasive  Adjuvant Anthracycline- containing 283 (86)

cancer recurrence and invasive cancer-free survival (HR=0.50,  chemotherapy Non-anthracycline- 46 (14)
95% CI=0.39-0.64), with an increase in the incidence of containing

. . . Trastuzumab-containing 92 (28)

thrombocytopenia. These studies demonstrated the utility of Non-trastuzumab- 237 (712)

changing treatment based on response to NAC. At the same containing
time, the importance of estimating prognosis for individual — Type of breast Lumpectomy 160 (49)
patients after NAC is being emphasized to guide each patient surgery Mastectomy 169 (51)

to the appropriate treatment based on a risk/benefit analysis.

In an effort to evaluate prognosis after NAC, the CSP+EG
score, which incorporates the pretreatment clinical stage
(cStage) and post-treatment pathological stage (pStage) (CPS
score) as well as estrogen receptor (ER) status and tumor
nuclear grade (NG), was developed (8). It has been shown
that the CPS+EG score better stratifies disease-specific
survival (DSS) than does cStage or pStage alone (8). More
recently, the Neo-Bioscore, in which HER2 status was
incorporated into the CPS+EG score, was shown to stratify
DSS even better than the CPS+EG score (Table 1) (9).

While more toxic adjuvant treatment has come to be
considered for non-pCR cases after the emergence of the
trials described above, the utility of the Neo-Bioscore in non-
PCR cases or by breast cancer subtype has not been fully
evaluated. We therefore explored the utility of the Neo-
Bioscore in guiding post-surgical therapy, particularly in the
non-pCR TNBC population.

Patients and Methods

Eligibility and clinicopathological data collection. A total of 1,096
women diagnosed with primary breast cancer who underwent NAC
from October 2005 to April 2017 at the National Cancer Center
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ER: Estrogen receptor; HER2: human epidermal growth factor receptor
2; TNBC: triple-negative breast cancer. *Core needle biopsy.

Hospital East were listed. Patients were eligible if they were not de
novo stage IV cases, and their clinicopathological data including
age, cStage, pStage, and NG, as well as ER, HER2, and Ki-67
statuses on diagnostic specimens obtained with core needle biopsies
of their primary breast tumors were all available. HER2-positive
patients who did not receive trastuzumab along with NAC were
excluded. Clinical staging was based on physical examination or
ultrasonography of the breast and regional nodal basins at diagnosis,
and the latter was prioritized if discrepancy existed. Pathological
examination of surgically removed breasts was carried out after
sectioning the entire breast into 4-mm-thick slices. Surgically
removed axillary lymph nodes were sectioned into 2-mm-thick
slices. cStage and pStage were determined according to the eighth
Edition of the TNM Classification of Malignant Tumours by the
Union for International Cancer Control (10). ER status was
classified as positive if =1% of tumor cells were ER-positive. HER2
immunohistochemical scoring (0, 1+, 2+, or 3+) was performed
according to the manufacturer’s recommendations (PATHWAY®;
Ventana Medical Systems, Tucson, AZ, USA). HER2-positive was
defined as a HER2 3+ result using PATHWAY® or the presence of
HER?2 gene amplification using fluorescence in situ hybridization
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1096 Excluded: De novo stage IV breast cancer, surgery for
recurrence, did not remove cancer by surgery (only biopsy),
or secondary surgery (mainly for margin positive cases)
n=81

1015
Excluded: Clinical stage 0, no reports of clinical stage, no

l malignancy

097 n=18

Excluded: Follow-up less than 180 days, or no reports of
i DSS, DFS, OS

955 n=42

Excluded: No reports of pathological stage
v -
n=80

875

Excluded: No reports of ER status or HER2 status or both
v n=38

837

Excluded: HER2-positive patients who did not receive
v trastuzumab

736 n=101

Excluded: Did not receive anthracycline nor taxane
i (n=33), or unknown regimen (n=22)
n=55

681

Excluded: No reports of NG
v n=352
329

Figure 1. Study CONSORT diagram. DFS: disease-free survival; DSS: disease-specific survival; ER: estrogen receptor; HER2: human epidermal

growth factor receptor 2; NG: nuclear grade; OS: overall survival.

assays (HER2 to chromosome 17 centromere ratio =2), which was
typically ordered after obtaining ambiguous HER2 2+ results. NG
(score 1-3) was evaluated according to the Elston-Ellis modification
of the Scarff-Bloom-Richardson grading system (11). The Neo-
Bioscore was determined for each patient according to a previously
published study (9). Point assignments for the Neo-Bioscore staging
systems are listed in Table I (9).

After completion of NAC, patients typically underwent local
therapy involving either breast-conserving surgery with whole-
breast irradiation or mastectomy with or without post-mastectomy
radiation therapy, along with axillary evaluation. Patients with
hormone receptor-positive tumors routinely received adjuvant
endocrine therapy. Patients with HER2-positive disease who
received trastuzumab with NAC routinely completed a total of 1
year of trastuzumab therapy.

For DSS and OS analysis, the data-cutoff date was set as
March 19, 2019. Date of surgery, presence or absence of local
recurrence, distant recurrence, second primary cancer, date of
death, date of each event if present, cause of death, the last date
of confirming that the patient was alive unless the patient had
died, and treatment regimens adopted for NAC were collected
from electronic medical records.

Statistical analysis. DSS was defined as the time from the date of
surgery to the date of death caused by recurrent breast cancer. OS
was defined as the time from the date of surgery to the date of death
from any cause. The 5-year DSS and OS rates were estimated using
the Kaplan-Meier method (12) for patient subgroups defined using
different staging systems, that is, cStage, pStage, and the Neo-
Bioscore. DSS and OS data were analyzed using SPSS 24 .0 statistics
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Figure 2. Kaplan-Meier estimates for disease-specific survival (DSS) (left panel) and overall survival (OS) (right panel) for the entire study
population based on clinical stage (cStage) (A), pathological stage (pStage) (B), and Neo-Bioscore (C).
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Table III. Five-year disease-specific survival (DSS, %) outcomes by clinical stage (cStage), pathological stage (pStage), and Neo-Bioscore.
cStage Median DSS (95% CI) pStage Median DSS (95% CI) Neo-Bioscore Median DSS (95% CI)
0 N/A 0 96 (90-101) 0 100
1 57 (8-106) 1 93 (87-99) 1 94 (86-102)
2 95 (89-101)
2A 96 (91-101) 2A 86 (77-95) 3 91 (84-99)
2B 89 (82-96) 2B 88 (74-101) 4 81 (71-90)
3A 89 (80-99) 3A 66 (51-81) 5 67 (50-83)
3B 87 (75-99) 3B N/A 6 75 (33-117)
3C 68 (54-81) 3C 66 (38-94) 7 0
CI: Confidence interval; N/A: not available.
software (IBM, Armonk, NY, USA). The prognostic discriminatory A
ability of cStage, pStage, and the Neo-Bioscore were evaluated using 1.0
time-dependent area under the receiver operating characteristic curve 0.9
(tAUROC), in which a higher integrated tAUROC value indicated 0.8
better marker performance (13, 14). Calculations were performed 0.7 ) BN
using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA). 06 ] = A ~—
- 0.
Ethics. A waiver from the need to provide written informed consent g 0.5 )
for this study was obtained from the Institutional Review Board of < 04 - .
the National Cancer Center (2017-431). 03 — Neo-Bioscore
—— pStage
Results 8i —— CStage
) ) 0.0
Patient population. From a total of 1,096 listed patients, 721 0 1 2 3 4 5 6
patients were excluded for reasons shown in the CONSORT
diagram (Figure 1). As a result, a total of 329 patients were DSS (years)
analyzed. Patient backgrounds are shown in Table II. One B
hundred and thirty-five (41.0%), 92 (28.0%), and 102 1.0
(31.0%) patients were categorized as having luminal type 0.9
(ER-positive/HER2-negative), HER2-positive (HER2- 0.8
positive irrespective to ER status), and TNBC, respectively, 0.7 S e
representing a typical distribution for patients with breast . 06 (W S
cancer indicated for NAC. Most patients received an ‘S‘ 0.5 4}
anthracycline-containing regimen as their NAC. None of the 3 0.4 =
patients received additional adjuvant chemotherapy. 03
0.2
Prognostic value of the Neo-Bioscore. Prognostic value of 0.1
cStage, pStage, and the Neo-Bioscore was evaluated. The 0.0
median follow-up period was 59.2 months. Five-year DSS 0 1 2 3 4 5 6
stratified by cStage, pStage, and the Neo-Bioscore are 0S (years)

summarized in Table III. Kaplan-Meier curves for DSS and
OS appeared to be better separated using the Neo-Bioscore
than using cStage or pStage (Figure 2). The integrated
tAUROC of the Neo-Bioscore for DSS and OS was higher
than that for cStage and pStage (integrated tAUROC for
DSS; cStage vs. pStage vs. Neo-Bioscore, 0.6441 vs. 0.6751
vs. 0.7515, respectively) (integrated tAUROC for OS; cStage
vs. pStage vs. Neo-Bioscore, 0.6448 vs. 0.6573 vs. 0.7375,
respectively) (Figure 3). This indicates the superior
discriminatory ability of the Neo-Bioscore to cStage or
pStage for predicting prognosis after NAC.

Figure 3. Time-dependent receiver operating characteristic (ROC)
curves for clinical stage (cStage), pathological stage (pStage), and Neo-
Bioscore in predicting disease-specific survival (DSS) (A) and overall
survival (0S) (B). AUC(t): Time-dependent area under the ROC curve.

Prognostic value of the Neo-Bioscore in TNBC. We next
evaluated the prognostic value of the Neo-Bioscore separately
in TNBC because stratifying post-NAC prognosis is
particularly important for this subtype, as highlighted in the
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Figure 4. Kaplan-Meier estimates for disease-specific survival (DSS) in the triple-negative breast cancer study population, including those with
pathological complete response (pCR) (upper panel) and those with non-pCR (lower panel), based on clinical stage (cStage) (A), pathological stage

(pStage) (B), and Neo-Bioscore (C).

CREATE X trial (see above). Even though superiority of the
Neo-Bioscore to cStage or pStage in stratifying DSS was not
clearly demonstrated (integrated tAUROC for DSS; cStage vs.
pStage vs. Neo-Bioscore, 0.6756 vs. 0.7116 vs. 0.7296,
respectively), the Neo-Bioscore appeared to perform well in
selecting patients with an excellent prognosis after NAC
(Figures 4 and 5, upper panels). Of 25 patients with TNBC
who achieved pCR, only one died with recurrent breast cancer.
Even when excluding these pCR cases, that is, for the
‘CREATE X population, 11 patients with a Neo-Bioscore of 2,
the lowest score that can be determined in TNBC, had no DSS
or OS events (Figures 4 and 5, lower panels). For the Neo-
Bioscore to be 2, as in non-pCR TNBC cases, cStage and
pStage had to be I or IIA and I, respectively. Three out of 27
(11.1%) patients with cStage I or ITA and two out of 29 (6.9%)
patients with pStage I died with recurrent breast cancer,
indicating an advantage of the Neo-Bioscore in selecting
patients with an excellent prognosis despite having a non-pCR.

Discussion

In this study, using a data set of Japanese patients, we
demonstrated that the Neo-Bioscore staging can provide better
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prognostic information about DSS and OS than clinical or
pathological staging. Additionally, we found that the ability of
the Neo-Bioscore in stratifying prognosis was maintained even
when excluding pCR cases in the TNBC subtype. Finally, we
found that for highly selected patients with TNBC with a Neo-
Bioscore of 2, omitting capecitabine may be considered
despite the presence of residual disease after NAC.

After publication of the original article on the Neo-
Bioscore (9), several studies validated its usefulness in
different cohorts. One large cohort study (n=12,002) utilizing
the National Cancer Database showed that the Neo-Bioscore
was better in discriminating OS over CPS+EG, clinical
staging, and pathological staging (15). A single-institutional
study from Peking University, China, concluded that the
CPS+EG score and the Neo-Bioscore were both better than
clinical staging in discriminating DFS, DSS, and OS,
although they failed to show an advantage of the Neo-
Bioscore over pathological staging or the CPS+EG score,
possibly because of the small sample size (n=403) (16). Our
current results are consistent with these studies based on
real-world data, although we did not focus on comparison of
the Neo-Bioscore with the CPS+EG score because of the
small sample size.
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Figure 5. Kaplan-Meier estimates for overall survival (OS) in the triple-negative breast cancer study population, including those with pathological
complete response (pCR) (upper panel) and those with non-pCR (lower panel), based on clinical stage (cStage) (A), pathological stage (pStage)

(B), and Neo-Bioscore (C).

The prognostic value of the CPS+EG score, but not of Neo-
Bioscore staging, has been evaluated according to breast cancer
subtype. A study involving 6,637 unselected patients and 2,454
patients with hormone receptor-positive/HER2-negative
(luminal type) tumors who received anthracycline/taxane-based
NAC within eight prospective randomized neoadjuvant trials
conducted by the German Breast Group showed that while
more patients with luminal-type tumors had CPS+EG 0-1
scores (44%) than the subtype-unselected entire population
(33%), the 5-year DFS and OS for each individual score was
identical for these populations (17). The CPS+EG score was
also shown to discriminate prognosis similarly in both the
TNBC and the entire HER2-negative population in a study
involving 4,812 patients who were given NAC within nine
prospective randomized neoadjuvant trials conducted by the
German Breast Group (18). Consistent with these studies, the
discriminatory capacity of the Neo-Bioscore appeared to be
sustained when limiting it to TNBC in our current study.

While pCR is an accepted indicator of a good prognosis,
the prognosis of patients not achieving a pCR is less defined
but more clinically relevant after the emergence of results of
the CREATE X and KATHERINE trials. In particular, it is of
great importance to identify patient groups with excellent

prognosis, despite non-pCR, in order to avoid more toxic and
more costly post-surgical treatment. Even though the Neo-
Bioscore was developed including patients who achieved
PCR, we showed that the Neo-Bioscore stratified patient
prognosis even after excluding pCR cases in the TNBC
population (Figure 4 lower panel). Additionally, we suggest
that patients with TNBC with a Neo-Bioscore of 2 may avoid
adjuvant capecitabine because we observed no DSS or OS
events for this particular cohort (Figures 4 and 5). A similar
attempt at identifying patients with a good prognosis despite
having a non-pCR was made in a recently published study, in
which it was found that patients with non-pCR had a 5-year
recurrence-free survival comparable to patients with pCR
using the combination of the Neo-Bioscore, residual cancer
burden, and Neoadjuvant Response Index (19). Conversely,
the above-mentioned study from the German Breast Group
showed that even non-pCR with a CPS+EG score of 1, the
lowest for TNBC and equivalent to a Neo-Bioscore of 2,
cStage I-1IA, and pStage I, had unsatisfactory 5-year-DFS of
77.5% (18). The cause of these discrepant results is not clear
but may be related to the differential biology of TNBC
between different ethnicities or a difference in the stringency
of the pathological examination between facilities.
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Our study had some limitations. Firstly, this was a
retrospective analysis with a relatively small sample size
from a single institute, which limits its statistical power.
Secondly, in our study, we were unable to apply the Neo-
Bioscore to patients with non-pCR HER2-positive disease,
who are recommended T-DM1, because there were very
few DSS events (five DSS events in 53 non-pCR HER2-
positive cases). Using a database that includes more
patients may overcome these limitations, and we are
attempting to validate our current findings in a nationwide
study in Japan.

In conclusion, this study showed that the Neo-Bioscore
staging system can improve the prognostic stratification of
patients with patients after NAC for breast cancer over
cStage and pStage. Moreover, the Neo-Bioscore may enable
the identification of patients with non-pCR TNBC who can
avoid additional adjuvant chemotherapy, although large-scale
validation studies are necessary.
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