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Table 1 Patient characteristics

Parous Nulliparous
Group A Group B Group C Group N
Time since last parity: <2 years 3-5 years >5 years Nulliparous
Number or patients: N =137 N=59 N =181 N =249
Age at diagnosis, median (range) 35 (26-44) 37 (27-43) 41 (32-44) 38 (22-44)
Age at diagnosis category, N (%)
<35 18 (49) 15 (25) 42 75 (30)
35-39 15 (41) 26 (44) 44 (24) 69 (28)
40-44 4 (11) 18 (31) 133 (73) 105 (42)
Family history of breast and/or ovarian cancer (within second degree), N (%)

Absent 27 (73) 46 (78) 141 (78) 194 (78)
Present 10 27) 13 (22) 40 (22) 55 (22)
Age at menarche, median (range) 12 (10-15) 12 (10-15) 12 (9-16) 12 (9-16)

Age at first full-term birth, median (range) 30 (23-43) 30 (20-38) 27 (19-38)
Age at first full-term birth, category, N (%)
Nulliparous 249 (100)
<30 17 (46) 26 (44) 137 (76)
>30 20 (54) 33 (56) 44 (24)
Number of children, N (%)
0 (nulliparous) 249 (100)
1 19 (51) 21 (36) 52 (29)
2 11 (30) 29 (49) 105 (58)
>3 7 (19) 9 (15) 24 (13)
Breastfeeding, N (%)
Nulliparous 249 (100)
<6 months 15 (41) 22 (37) 60 (33)
>6 months 19 (51) 39 (66) 86 (48)
Missing data 3(8) 7(12) 35(19)

group A, 59 (11 %) into group B, 118 (35 %) into group C,
and 249 (47 %) into group N. Parous women with breast
cancer were much older than nulliparous women, and the
trend test showed that age at diagnosis increased as the
period from last childbirth increased.

Tumor characteristics at diagnosis according to repro-
ductive history are presented in Table 2. Between nullip-
arous and parous women, no significant differences were
observed in any available factors. However, breast cancer
patients who had given birth recently had more advanced
stage tumors; larger sized tumors; a higher rate of axillary
lymph node metastases; higher histological tumor grade;
and more PgR—, HER2+, and triple negative tumors than
those who had given birth less recently or not at all.

Impact of the time since last childbirth on outcome
The Kaplan—-Meier 5-year OS probability was 64.3 % for

group A, 79.3 % for group B, 88.2 % for group C, and
90.6 % for group N. The patients in group A had
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significantly shorter survival times than patients in both
groups C and N (log rank test; p < 0.001 for both groups)
(Fig. 1). Other host-related factors were not associated with
survival.

Using multivariate Cox proportional hazards survival
models, survival outcome of young breast cancer patients
was associated with AJCC stage, histological tumor grade,
and ER status, whereas age at diagnosis and PgR and HER2
statuses were not significantly associated with mortality.
Using those models, breast cancer diagnosed within 2 years
of last childbirth was an independently poor prognostic
factor relative to nulliparity (Table 3). After adjusting for
tumor characteristics, the hazard ratio for death in group A
was 2.19 (95 % CI, 1.05-4.56; p = 0.036), 1.49 in group B
(95 % CI, 0.79-2.83; p = 0.223), and 0.81 in group C
(95 % CI, 0.46-1.43; p = 0.471) compared with group N
(Table 4; Fig. 2). Among the patients with HR+-HER2—
tumors, the adjusted hazard ratio for death was 3.07 in group
A (95 % CI, 1.30-7.27; p = 0.011), 1.01 in group B (95 %
CI, 0.39-2.63; p=0977), and 0.60 in group C
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Table 2 Tumor characteristics

Parous Nulliparous p value
Group A Group B Group C Group N Parous vs. nulliparous Trend test (parous)
Time since last parity: <2 years 3-5 years >5 years nulliparous
N =137 N=159 N =181 N = 249
N (%) N (%) N (%) N (%)
AJCC stage at diagnosis 0.409 0.584
0 1(3) 1) 4(2) 8 (3)
I 5(13) 16 (27) 52 (29) 60 (24)
I 18 (49) 26 (44) 97 (53) 140 (56)
il 9 (24) 14 (24) 21 (12) 34 (14)
v 4(11) 2(3) 7 (4) 7(3)
AJCC T factor at diagnosis 0.679 0.010
Tis 1(3 12 4(2) 7(3)
T1 7(19) 18 (30) 57 (31) 63 (25)
T2 16 (43) 23 (39) 90 (50) 130 (52)
T3 8 (22) 11 (19) 21 (12) 32 (13)
T4 5(13) 6 (10) 9(5) 16 (6)
TO (Occult primary) 0O 0 () 0 10
Regional lymph node metastasis at diagnosis 0.153 0.005
Negative 19 (51) 37 (63) 133 (73) 184 (74)
Positive 18 (49) 22 (37) 48 (27) 65 (26)
Histological type 0.075 0.139
Invasive ductal carcinoma 35 (95) 49 (83) 164 (90) 226 (91)
Invasive lobular carcinoma 0 () 23 10 (6) 3()
Others 2(5) 8 (14) 7(4) 20 (8)
Estrogen receptor status 0.436 0.140
Negative 19 (51) 19 (32) 63 (35) 83 (33)
Positive 18 (49) 39 (66) 117 (64) 165 (67)
Missing data 0 12 1(1) 1 (0)
Progesterone receptor status 0.328 0.001
Negative 20 (54) 18 (30) 45 (25) 65 (26)
Positive 17 (46) 40 (68) 135 (74) 182 (73)
Missing data 0 (0 1) 1) 2 (1)
HER?2 status 0.217 0.041
Negative 27 (73) 44 (74) 153 (84) 212 (85)
Positive 10 (27) 14 (24) 27 (15) 36 (14)
Missing 0 (0) 12 1D 1.(0) ‘
Tumor subtype 0.605 0.004
HR-+HER2— 16 (43) 38 (64) 128 (71) 174 (70)
HR-+HER2+ 3(8) 59 16 (9) 19 (8)
HR—-HER2- (TNBC) 11 (30) 6 (10) 25 (14) 38 (15)
HR-HER2+ 7(19) 9 (15) 11 (6) 17 (1)
Missing 0 1(2) 1D 10
Histological tumor grade 0.253 0.005
Grade 1 and 2 9(24) 27 (46) 95 (52) 131 (53)
Grade 3 27 (73) 30 (51) 86 (48) 117 (47)
Missing data 1(3) 2(3) 0 1(0)

AJCC American Joint Committee on Cancer, HER2 human EGFR-related 2, HR hormone receptor, TNBC triple negative breast cancer
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Fig. 1 Kaplan-Meier curves for overall survival based on the time
since last childbirth

(95 % CI, 0.26-1.38; p = 0.228) compared to group N
(Fig. 3a). However, among the patients with other tumor
subtypes, no significant differences in survival were
observed in any group (Fig. 3b-d). Other multivariate Cox
proportional hazard survival models using age at first and
last birth, time from first childbirth to diagnosis, or number
of children among parous women were not associated with
mortality (data not shown).

Discussion

Here, we showed that breast cancer patients with recent
parity had shorter survival times than nulliparous patients.
Women who had delivered within 2 years of breast cancer
diagnosis had tumor(s) at a higher AJCC stage at diagnosis,
a lower rate of ER— and PgR+ tumors, a higher rate of
HER2+ and triple negative tumors, and a higher histo-
logical tumor grade than those with less recent childbirth.
Even after adjusting for these well-known prognostic fac-
tors, including AJCC stage, hormone receptor and HER2
statuses, and histological tumor grade, women who deliv-
ered within 2 years of breast cancer diagnosis had a two-
fold increased risk of death (i.e., were twice as likely to
die) compared with nulliparous women. Moreover, when
the analysis was restricted to patients with HR+HER2—
tumors, women with recent parity had an even higher risk
of death. Several studies have shown that breast cancer
patients with recent childbirth before diagnosis had worse
survival outcomes than nulliparous patients or those with a
less recent childbirth [18-22]. However, to date, few
studies have analyzed the hazard ratio adjusting for not
only reproductive factors, but also tumor characteristics
[23-26]. This study analyzed the hazard ratio adjusting for
both reproductive factors and tumor -characteristics,
including hormone receptor and HER?2 statuses and histo-
logical tumor grade.

The patients who were diagnosed with breast cancer
within 2 years of parity might have had a delay in diag-
nosis as a result of pregnancy or lactation or have delayed

Table 3 Multivariate Cox proportional hazards survival models based on the time since last childbirth among patients with breast cancer

Factors Status Hazard ratio 95 % CI Wald p value 3 test p value
AJCC stage Stage 0-1 1 <0.0001
Stage 2 2.63 1.10-6.30 0.0303
Stage 34 10.48 4.30-25.55 <0.0001
Histological grade Grade 1-2 1 NA
Grade 3 2.49 1.47-4.21 0.0007
ER status Negative 1 NA
Positive 0.66 0.39-1.12 0.125
PgR status Negative 1 ) NA
Positive 0.94 0.55-1.60 0.8155
HER? status Negative 1 NA
Positive 1.08 0.61-1.92 0.7836
Since last childbirth Group N 1 0.0695
Group A 2.19 1.05-4.56 0.0364
Group B 1.49 0.79-2.83 02231
Group C 0.81 0.46-1.43 0.4711
Adjusted for age at diagnosis, AJCC stage, histoldgical grade, and ER, PgR, and HER?2 statuses
NA not applicable, AJCC American Joint Committee on Cancer, HER2 human EGFR-related 2
@ Springer
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Table 4 Hazard ratio for death based on the time since last childbirth

Since last childbirth Unadjusted Adjusted 1 Adjusted 2

HR (95 % CI) p HR (95 % CI) P HR (95 % CI) p
Group N 1 1 1
Group A 3.25 (1.81-5.85) <0.001 2.26 (1.11-4.59) 0.024 2.19 (1.05-4.56) 0.036
Group B 1.59 (0.86-2.94) 0.141 1.50 (0.79-2.85) 0.210 1.49 (0.79-2.83) 0.223
Group C 0.79 (0.47-1.33) 0.377 0.81 (0.46-1.42) 0.460 0.81 (0.46-1.43) 0471

Adjusted 1 HR adjusted for AJCC clinical stage (0-1, 2, 3—4), histological tumor grade (1-2, 3), and estrogen receptor status (positive, negative)
Adjusted 2 HR adjusted for age at diagnosis, AJCC clinical stage (0-1, 2, 3—4), histological tumor grade (1-2, 3), estrogen and progesterone

receptor status (positive, negative), and HER?2 status (positive and negative)

HR hazard ratio, CI confidence interval

the duration

from adjusted* 95% ClI
last childbirth hazard ratio
Nulliparity 1 (reference)
0-2 years — 2.19 1.05-4.56
3-5 years ——— 1.49 0.79-2.83
>5 years _E]—' 0.81 0.46-1.43
01 1 10

Fig. 2 Multivariate model of mortality based on the time since last
childbirth. *Adjusted for age at diagnosis; AJCC clinical stage;
histological tumor grade; and ER, PgR, and HER2 statuses; CI
confidence interval

initiation of therapy until after delivery. Several studies had
described that these factors also might have played a role in
having an adverse outcome compared with those who had
delivered more than 2 years earlier or were nulliparous at
diagnosis [18, 21, 23-25]. This study showed that breast
cancer patients who delivered within 2 years at diagnosis
had more advanced T stage, more regional lymph node
metastasis, and higher histological tumor grade compared
with those who delivered 3 years or more at diagnosis by
trend test. However, the time since last childbirth demon-
strated an independent prognostic factor adjusted to tumor
characteristics in our study.

The present study was concordant with previous studies
showing that breast cancer patients with recent parity tend
to have more advanced stage tumors, hormone-receptor
negativity, aggressive growth, and high tumor grade, sug-
gesting that pregnancy could have influenced tumor biol-
ogy [21, 23, 27, 28]. Young breast cancer patients, those
included women with recent childbirth, also had more
aggressive tumor characteristics, less luminal A tumor, and
more TNBC tumor [5, 16, 29, 30]. The present study was
also concordant with epidemiological studies showing that
recent parity before breast cancer diagnosis is associated
with a worse outcome in premenopausal women (generally

@ Springer

younger than 45 years), with a peak in risk of death within
2 years after delivery [21-26, 31]. Tumors found in women
who have given birth recently have been reported to
present with more adverse characteristics compared with
tumors in nulliparous women [23, 32]. However, our
results revealed that among patients with HR+HER2—
tumors, which generally have a good prognosis, women
who had given birth recently had a poorer prognosis than
nulliparous women, although the reason for recent parity
being associated with poor survival has not yet been clearly
elucidated.

Pregnancy has a dual effect on the risk of breast cancer.
A full-term pregnancy protects against the development of
breast cancer later in life because full-term pregnancy
induces differentiation of the mammary gland during
pregnancy, making it less susceptible to carcinogenic
insults [33]. However, shortly after pregnancy the risk of
breast cancer increases temporarily, with a peak in risk
5-7 years after delivery [34, 35]. This short-term increase
in risk may be because of stimulation of normal mammary
gland growth by pregnancy hormones as well as, already
existing mammary tumor cells.

Several hypotheses have been proposed to explain the
poor prognosis of young breast cancer patients who have
recently given birth. Gestational hormones, which are
estrogen, progesterone, and insulin-like growth factor,
increase tumor cell proliferation [36—40]. Special hormonal
environment of pregnancy may influence the biology of
more aggressive tumor type. Russo et al. [33] proposed that
pregnancy induced differentiation of the mammary pro-
genitor stem cell 1 to stem cell 2, which is less vulnerable
to transformation by carcinogenic insult than progenitor
stem cell 1. Recently, several studies have shown that the
first full-term pregnancy induces a specific genomic sig-
nature in breast epithelium [41-43]. In the premenopausal
parous human breast, inflammation-associated genes were
upregulated and expression of hormone receptor and HER2
was changed compared to the nulliparous human breast of
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Fig. 3 Kaplan-Meier curves for overall survival according to tumor subtypes. a HR+HER2— subtype, b HR+HER2+ subtype, ¢ HR—HER2—

subtype, d HR—HER?2+- subtype; HR hormone receptor

the same generation [42]. The genomic profile of the breast
cancer cases, irrespective of parity history, differed from
those of parous or nulliparous cancer-free cases according
to the hierarchical clustering [41]. This finding suggests
that the breast cancer cell was already generated before
pregnancy and that pregnancy has contributed to preven-
tion of mammary carcinogenesis. If a breast cancer cell had
already been generated before the start of pregnancy, then
estrogen and progesterone would mainly promote the
proliferation of hormone-receptor-positive breast cancer
cells, not negative cells.

This hypothesis cannot explain how a shorter length of
time since the last childbirth leads to an increased devel-
opment of hormone-receptor-negative breast cancer in
young breast cancer patients. However, researchers have
shown that receptor activator of nuclear factor-xB ligand
secreted by progesterone-receptor-expressing epithelial
cells stimulated by progesterone induced not only an epi-
thelial proliferative response, but also epithelial carcino-
genesis [44, 45]. In addition, RANKL PgR+ differentiated
mammary cells stimulated by progesterone, promoted
proliferation of the hormone-receptor-negative mammary
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progenitor cells. Conversely, Schedin [35] proposed that
the period between last childbirth to breast cancer diag-
nosis involved the process of mammary gland involution,
which might facilitate breast cancer metastasis and increase
the risk of death. In support of this hypothesis, others have
shown that breast cancer patients with recent parity have a
higher risk of distant recurrence than nulliparous women
[46]. However, our data are not able to provide any proof
for above-mentioned hypotheses underlying development
of aggressive phenotype in women with recent parity.

Here, we have provided evidence that recent parity is
associated with more aggressive histopathological tumor
features and worse survival outcomes in breast cancer
patients; however, our study does have some limitations.
Firstly, since we used an initial routine questionnaire to
assess reproductive status, some data was missing from our
analysis. In fact, only 85 % of the data regarding breast-
feeding status was obtained, although parity data from
almost all patients was included in the analysis. Secondly,
the questionnaire inquired information about prior use of
any hormonal agents including those used for fertility
treatment, contraception, and treatment for osteoporosis,
but not all patients filled in the form and also their response
had not been routinely validated through interview by
healthcare providers. Thirdly, although the frequency of
BRCA1/2 germline mutation in Japanese women has been
reported to be similar to caucasian in a small study [47],
genetic counseling and testing has not been routinely rec-
ommended in clinical practice except for selected patients
with a strong family history. Moreover BRCA1/2 testing is
not supported by public health insurance. Therefore, only a
limited number of patients were offered genetic counseling
and testing in this cohort, which disallows analyses
according to BRCAI/2 mutation status. However, family
history was neither associated with clinical feature nor
prognosis in our cohort (data not shown). Finally, it was
not clear whether tumor(s) with poor outcome affected the
advanced tumor characteristics or whether the advanced
tumor characteristics caused the poor outcomes. However,
our findings that breast cancer patients who gave birth
more recently had poor outcomes even after adjusting well-
known prognostic factors indicate that undiscovered factors
associated with recent childbirth induce a change in the
mammary glands. Further studies are needed to elucidate
the underlying biology.

In conclusion, our results demonstrate that breast cancer
patients who had given birth more recently had tumors with
more aggressive features and a worse prognosis than
patients who were nulliparous or had given birth less
recently.

Acknowledgments This study was supported by the “Yomei
1-kagetsu no hanayome” Memorial Grant of the Foundation for

@ Springer

341

Promotion of Cancer Research and Grant-in-aid for Cancer Research
(H21-021) from the Ministry of Health, Labour and Welfare of Japan.

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Chung M, Chang HR, Bland KI, Wanebo HJ (1996) Younger
women with breast carcinoma have a poorer prognosis than older
women. Cancer 77(1):97-103. doi:10.1002/(SICT)1097-0142
(19960101)77:1<97:AID-CNCR16>3.0.CO;2-3

2. de la Rochefordiere A, Asselain B, Campana F, Scholl SM,
Fenton J, Vilcoq JR, Durand JC, Pouillart P, Magdelenat H,
Fourquet A (1993) Age as prognostic factor in premenopausal
breast carcinoma. Lancet 341(8852):1039-1043. doi:10.1016/
0140-6736(93)92407-K

3. Fredholm H, Eaker S, Frisell J, Holmberg L, Fredriksson I,
Lindman H (2009) Breast cancer in young women: poor survival
despite intensive treatment. PLoS ONE 4(11):¢7695. doi:
10.1371/journal.pone.0007695

4. Peng R, Wang S, Shi Y, Liu D, Teng X, Qin T, Zeng Y, Yuan Z
(2011) Patients 35 years old or younger with operable breast
cancer are more at risk for relapse and survival: a retrospective
matched case-control study. Breast. doi:10.1016/j.breast.
2011.07.012

5. Yoshida M, Shimizu C, Fukutomi T, Tsuda H, Kinoshita T,
Akashi-Tanaka S, Ando M, Hojo T, Fujiwara Y (2011) Prog-
nostic factors in young Japanese women with breast cancer:
prognostic value of age at diagnosis. Jpn J Clin Oncol 41(2):
180-189. doi:10.1093/jjco/hyq191

6. Middleton LP, Amin M, Gwyn K, Theriault R, Sahin A (2003)
Breast carcinoma in pregnant women: assessment of clinico-
pathologic and immunohistochemical features. Cancer
98(5):1055-1060. doi:10.1002/cncr. 11614

7. Ma H, Bernstein L, Pike MC, Ursin G (2006) Reproductive
factors and breast cancer risk according to joint estrogen and
progesterone receptor status: a meta-analysis of epidemiological
studies. Breast Cancer Res 8(4):R43. doi:10.1186/bcr1525

8. Xing P, Li J, Jin F (2010) A case-control study of reproductive
factors associated with subtypes of breast cancer in Northeast China.
Med Oncol 27(3):926-931. doi: 10.1007/512032-009-9308-7

9. Suzuki R, Rylander-Rudqvist T, Ye W, Saji S, Wolk A (2006)
Body weight and postmenopausal breast cancer risk defined by
estrogen and progesterone receptor status among Swedish
women: a prospective cohort study. Int J Cancer 119(7):1683—
1689. doi:10.1002/ijc.22034

10. Iwasaki M, Otani T, Inoue M, Sasazuki S, Tsugane S (2007)
Body size and risk for breast cancer in relation to estrogen and
progesterone receptor status in Japan. Ann Epidemiol 17(4):
304-312. doi:10.1016/j.annepidem.2006.09.003

11. Canchola AJ, Anton-Culver H, Bernstein L, Clarke CA, Hen-
derson K, Ma H, Ursin G, Horn-Ross PL (2012) Body size and
the risk of postmenopausal breast cancer subtypes in the Cali-
fornia Teachers Study cohort. Cancer Causes Control. doi:
10.1007/510552-012-9897-x

12. Zakhartseva LM, Gorovenko NG, Podolskaya SV, Anikusko NF,
Lobanova OE, Pekur KA, Kropelnytskyi VA, Shurygina OV
(2009) Breast cancer immunohistochemical features in young
women with BRCA 1/2 mutations. Exp Oncol 31(3):174-178

13. Southey MC, Ramus SJ, Dowty JG, Smith LD, Tesoriero AA,
Wong EE, Dite GS, Jenkins MA, Byrnes GB, Winship I, Phillips
KA, Giles GG, Hopper JL (2011) Morphological predictors of



Breast Cancer Res Treat (2013) 138:941-950

949

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

BRCAL1 germline mutations in young women with breast cancer.
Br J Cancer 104(6):903-909. doi:10.1038/bjc.2011.41

Rennert G, Bisland-Naggan S, Barnett-Griness O, Bar-Joseph N,
Zhang S, Rennert HS, Narod SA (2007) Clinical outcomes of
breast cancer in carriers of BRCA1 and BRCA2 mutations.
N Engl J Med 357(2):115-123. doi:10.1056/NEJMo0a070608
Chen XS, Ma CD, Wu JY, Yang WT, Lu HF, Wu J, Lu JS, Shao
ZM, Shen ZZ, Shen KW (2010) Molecular subtype approximated
by quantitative estrogen receptor, progesterone receptor and Her2
can predict the prognosis of breast cancer. Tumori 96(1):103-110
van der Hage JA, Mieog JS, van de Velde CJ, Putter H, Bartelink
H, van de Vijver MJ (2011) Impact of established prognostic
factors and molecular subtype in very young breast cancer
patients: pooled analysis of four EORTC randomized controlied
trials. Breast Cancer Res 13(3):R68. doi:10.1186/bcr2908

.Blows FM, Driver KE, Schmidt MK, Broeks A, van Leeuwen FE,

Wesseling J, Cheang MC, Gelmon K, Nielsen TO, Blomqvist C,
Heikkila P, Heikkinen T, Nevanlinna H, Akslen LA, Begin LR,
Foulkes WD, Couch FJ, Wang X, Cafourek V, Olson JE, Ba-
glietto L, Giles GG, Severi G, McLean CA, Southey MC, Rakha
E, Green AR, Ellis IO, Sherman ME, Lissowska J, Anderson WF,
Cox A, Cross SS, Reed MW, Provenzano E, Dawson SJ, Dunning
AM, Humphreys M, Easton DF, Garcia-Closas M, Caldas C,
Pharoah PD, Huntsman D (2010) Subtyping of breast cancer by
immunohistochemistry to investigate a relationship between
subtype and short and long term survival: a collaborative analysis
of data for 10,159 cases from 12 studies. PLoS Med 7(5):
€1000279. doi:10.1371/journal.pmed. 1000279

Bladstrom A, Anderson H, Olsson H (2003) Worse survival in
breast cancer among women with recent childbirth: results from a
Swedish population-based register study. Clin Breast Cancer
4(4):280-285

Rosenberg L, Thalib L, Adami HO, Hall P (2004) Childbirth and
breast cancer prognosis. Int J Cancer 111(5):772-776. doi:
10.1002/ijc.20323

Trivers KF, Gammon MD, Abrahamson PE, Lund MJ, Flagg EW,
Kaufman JS, Moorman PG, Cai J, Olshan AF, Porter PL, Brinton
LA, Eley JW, Coates RJ (2007) Association between reproductive
factors and breast cancer survival in younger women. Breast
Cancer Res Treat 103(1):93-102. doi: 10.1007/510549-006-9346-1
Dodds L, Fell DB, Joseph KS, Dewar R, Scott H, Platt R,
Aronson KJ (2008) Relationship of time since childbirth and
other pregnancy factors to premenopausal breast cancer progno-
sis. Obstet Gynecol 111(5):1167-1173. doi:10.1097/A0G.0b013e
31816fd778

Johansson AL, Andersson TM, Hsieh CC, Cnattingius S, Lambe
M (2011) Increased mortality in women with breast cancer
detected during pregnancy and different periods postpartum,
Cancer Epidemiol Biomark Prev 20(9):1865-1872. doi:
10.1158/1055-9965.EPI-11-0515

Daling JR, Malone KE, Doody DR, Anderson BO, Porter PL
(2002) The relation of reproductive factors to mortality from
breast cancer. Cancer Epidemiol Biomark Prev 11(3):235-241
Phillips KA, Milne RL, Friedlander ML, Jenkins MA, McCredie
MR, Giles GG, Hopper JL (2004) Prognosis of premenopausal
breast cancer and childbirth prior to diagnosis. J Clin Oncol
22(4):699-705. doi:10.1200/JC0.2004.07.062

Kroman N, Wohlfahrt J, Andersen KW, Mouridsen HT, West-
ergaard T, Melbye M (1997) Time since childbirth and prognosis
in primary breast cancer: population based study. BMIJ
315(7112):851-855

Olson SH, Zauber AG, Tang J, Harlap S (1998) Relation of time
since last birth and parity to survival of young women with breast
cancer. Epidemiology 9(6):669-671

Beadle BM, Woodward WA, Middleton LP, Tereffe W, Strom
EA, Litton JK, Meric-Bernstam F, Theriault RL, Buchholz TA,

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

342

Perkins GH (2009) The impact of pregnancy on breast cancer
outcomes in women < or == 35 years. Cancer 115(6):1174-1184.
doi:10.1002/cncr.24165

Butt S, Borgquist S, Anagnostaki L, Landberg G, Manjer J (2009)
Parity and age at first childbirth in relation to the risk of different
breast cancer subgroups. Int J Cancer 125(8):1926-1934. doi:
10.1002/ijc.24494

Loibl S, Jackisch C, Gade S, Untch M, Paepke S, Kuemmel S,
Schneeweiss A, Jackisch C, Huober J, Hilfrich J, Hanusch C,
Gerber B, Eidtmann H, Denkert C, Costa S-D, Blohmer J-U,
Nekljudova V, Mehta K, Minckwitz G (2012) Neoadjuvant
chemotherapy in the very young 35 years of age or younger.
Cancer Res 72(24 Suppl):Abstract no S3-1

Collins LC, Marotti JD, Gelber S, Cole K, Ruddy K, Kereako-
glow S, Brachtel EF, Schapira L, Come SE, Winer EP, Partridge
AH (2012) Pathologic features and molecular phenotype by
patient age in a large cohort of young women with breast cancer.
Breast Cancer Res Treat 131(3):1061-1066. doi:10.1007/
$10549-011-1872-9

Whiteman MK, Hillis SD, Curtis KM, McDonald JA, Wingo PA,
Marchbanks PA (2004) Reproductive history and mortality after
breast cancer diagnosis. Obstet Gynecol 104(1):146-154. doi:
10.1097/01.A0G.0000128173.0161 1.1

Murphy CG, Mallam D, Stein S, Patil S, Howard J, Sklarin N,
Hudis CA, Gemignani ML, Seidman AD (2011) Current or recent
pregnancy is associated with adverse pathologic features but not
impaired survival in early breast cancer. Cancer. doi:10.1002/
cncr.26654

Russo J, Moral R, Balogh GA, Mailo D, Russo IH (2005) The
protective role of pregnancy in breast cancer. Breast Cancer Res
7(3):131-142. doi:10.1186/bcr1029

Liu Q, Wuu J, Lambe M, Hsieh SF, Ekbom A, Hsieh CC (2002)
Transient increase in breast cancer risk after giving birth: post-
partum period with the highest risk (Sweden). Cancer Causes
Control 13(4):299-305

Schedin P (2006) Pregnancy-associated breast cancer and
metastasis. Nat Rev Cancer 6(4):281-291. doi:10.1038/nrc1839
Grubbs CJ, Hill DL, McDonough KC, Peckham JC (1983)
N-nitroso-N-methylurea-induced =~ mammary carcinogenesis:
effect of pregnancy on preneoplastic cells. T Natl Cancer Inst
71(3):625-628

Henderson BE, Ross R, Bernstein L (1988) Estrogens as a cause
of human cancer: the Richard and Hinda Rosenthal Foundation
award lecture. Cancer Res 48(2):246-253

Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooper-
berg C, Stefanick ML, Jackson RD, Beresford SA, Howard BV,
Johnson KC, Kotchen JM, Ockene J (2002) Risks and benefits of
estrogen plus progestin in healthy postmenopausal women:
principal results From the Women’s Health Initiative randomized
controlled trial. JAMA 288(3):321-333

Hankinson SE, Colditz GA, Willett WC (2004) Towards an
integrated model for breast cancer etiology: the lifelong interplay
of genes, lifestyle, and hormones. Breast Cancer Res
6(5):213-218. doi:10.1186/bcr921

Kleinberg DL, Wood TL, Furth PA, Lee AV (2009) Growth
hormone and insulin-like growth factor-I in the transition from
normal mammary development to preneoplastic mammary
lesions. Endocr Rev 30(1):51-74. doi:10.1210/er.2008-0022
Russo J, Balogh GA, Russo IH (2008) Full-term pregnancy
induces a specific genomic signature in the human breast. Cancer
Epidemiol Biomarkers Prev 17(1):51-66. doi:10.1158/1055-
9965.EPI-07-0678

Asztalos S, Gann PH, Hayes MK, Nonn L, Beam CA, Dai Y,
Wiley EL, Tonetti DA (2010) Gene expression patterns in the
human breast after pregnancy. Cancer Prev Res 3(3):301-311.
doi:10.1158/1940-6207.CAPR-09-0069

@ Springer



950

Breast Cancer Res Treat (2013) 138:941-950

43. Belitskaya-Levy I, Zeleniuch-Jacquotte A, Russo J, Russo IH,
Bordas P, Ahman J, Afanasyeva Y, Johansson R, Lenner P, Li X,
de Cicco RL, Peri S, Ross E, Russo PA, Santucci-Pereira J,
Sheriff ES, Slifker M, Hallmans G, Toniolo P, Arslan AA (2011)
Characterization of a genomic signature of pregnancy identified
in the breast. Cancer Prev Res 4(9):1457-1464. doi:10.1158/
1940-6207.CAPR-11-0021

44. Gonzalez-Suarez E, Jacob AP, Jones J, Miller R, Roudier-Meyer
MP, Erwert R, Pinkas J, Branstetter D, Dougall WC (2010)
RANK ligand mediates progestin-induced mammary epithelial
proliferation and carcinogenesis. Nature 468(7320):103-107. doi:
10.1038/mature(}9495

45. Schramek D, Leibbrandt A, Sigl V, Kenner L, Pospisilik JA, Lee
HIJ, Hanada R, Joshi PA, Aliprantis A, Glimcher L, Pasparakis M,
Khokha R, Ormandy CJ, Widschwendter M, Schett G, Penninger
JM (2010) Osteoclast differentiation factor RANKL controls
development of progestin-driven mammary cancer. Nature
468(7320):98-102. doi:10.1038/nature(09387

@ Springer

343

46.

47.

Borges VF, Callihan E, Jindal S, Lyons T, Manthey E, Gao D,
Schedin PJ (2011) The post-partum diagnosis of pregnancy
associated breast cancer confers an increased risk for metastasis
without increased incidence of poorer prognosis biologic subtype.
Cancer Res 71(24 Suppl):Abstract no P2-01-04. doi:10.1158/
0008-5472.SABCS11-P2-01-04

Sugano K, Nakamura S, Ando J, Takayama S, Kamata H, Sekig-
uchi I, Ubukata M, Kodama T, Arai M, Kasumi F, Hirai Y, Ikeda T,
Jinno H, Kitajima M, Aoki D, Hirasawa A, Takeda Y, Yazaki K,
Fukutomi T, Kinoshita T, Tsunematsu R, Yoshida T, Izumi M,
Umezawa S, Yagata H, Komatsu H, Arimori N, Matoba N, Gondo
N, Yokoyama S, Miki Y (2008) Cross-sectional analysis of germ-
line BRCA1 and BRCA2 mutations in Japanese patients suspected
to have hereditary breast/ovarian cancer. Cancer Sci 99(10):
1967-1976. doi:10.1111/§.1349-7006.2008.00944 x



Breast Cancer
DOI 10.1007/s12282-013-0511-1

Prognostic significance of subtype and pathologic response
in operable breast cancer; a pooled analysis of prospective

neoadjuvant studies of JBCRG

Katsumasa Kuroi - Masakazu Toi - Shinji Ohno - Seigo Nakamura -
Hiroji Iwata + Norikazu Masuda - Nobuaki Sato - Hitoshi Tsuda -

Masafumi Kurosumi + Futoshi Akiyama

Received: 17 October 2013 / Accepted: 22 November 2013
© The Japanese Breast Cancer Society 2013

Abstract

Purpose In the past decade, JBCRG has conducted three
studies of neoadjuvant chemotherapy which have exam-
ined sequential combination of fluorouracil, epirubicin and
cyclophosphamide, and docetaxel. The present study is a
pooled analysis of these studies performed to determine the
prognostic significance of pathologic complete response
(pCR) and predictive variables for pCR.

Methods A total of 353 patients were included. pCR was
defined as the absence of invasive cancer or only a few
remaining isolated cancer cells in the breast (quasi-pCR,

QpCR).
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Results Disease-free survival (DFS) and overall survival
(OS) were not significantly different among studies, and
patients who achieved a QpCR had significantly better
prognosis (DES, p < 0.001; OS, p = 0.002). Patients with
triple-negative (TN) tumors had worse prognosis than
patients with the other subtypes (DFS, p = 0.03; OS,
p = 0.10). A Cox proportional hazards model showed
node-positive, TN, and QpCR were the significant predic-
tors for DFS and OS among study, age, tumor size, nuclear
grade, nodal status, subtype, clinical response, and patho-
logic response (DFS; node-positive, HR = 2.29,
p=10.001; TN, HR=339, p<0.001; QpCR,
HR = 0.27, p < 0.001: OS; node-positive, HR = 3.05,

H. Iwata
Department of Breast Oncology, Aichi Cancer Center Hospital,
Aichi, Japan

N. Masuda
Department of Surgery, Breast Oncology, NHO Osaka National
Hospital, Osaka, Japan

N. Sato
Department of Breast Oncology, Niigata Cancer Center Hospital,
Niigata, Japan

H. Tsuda
Department of Basic Pathology, National Defense Medical
College, Saitama, Japan

M. Kurosumi
Department of Pathology, Saitama Cancer Center, Saitama,
Japan

F. Akiyama

Department of Pathology, The Cancer Institute of Japanese
Foundation for Cancer Research, Tokyo, Japan

_@_ Springer

344



Breast Cancer

p = 0.003; TN, HR =4.92, p <0.001; QpCR, HR =
0.12, p < 0.001). In a logistic regression analysis, subtype
and clinical response before surgery were the significant
predictive variables for QpCR (luminal/Her2-positive,
odds ratio (OR) =4.15, p =0.002; Her2-positive,
OR = 6.24, p < 0.001; TN, OR = 4.24, p < 0.001; clini-
cal response before surgery, OR = 2.41, p = 0.019).

Conclusions This study confirmed the prognostic signifi-
cance of QpCR and nodal status and the predictive and prog-
nostic significance of subtype in neoadjuvant chemotherapy.

Keywords Neoadjuvant chemotherapy - Pathologic
response - Subtype - Anthracycline - Taxane

Introduction

Neoadjuvant chemotherapy (NAC) has become part of the
standard care for operable breast cancer to increase the
chance of breast conservation [1, 2]. NAC also enables us
to evaluate tumor response to determine whether ineffec-
tive therapy should be discontinued and replaced with an
alternative therapy. To date, a sequential anthracycline-
containing regimen and taxane are a frequently used regi-
men, and pathologic complete response (pCR) has pre-
dicted the long-term outcome, and is thus regarded as a
potential surrogate marker for survival [1, 2]. More
recently, however, several studies have demonstrated that
the incidence and prognostic impact of pCR could vary
among breast cancer subtypes [2-5]. Moreover, as several
definitions of pCR have been used, the term pCR has not
been applied in a consistent manner [6].

In the past decade, the Japan Breast Cancer Research
Group (JBCRG) has conducted three prospective phase II
studies of NAC, JBCRG-01, JBCRG-02, and JBCRG-03,
and found that 8 cycles of fluorouracil, epirubicin, and
cyclophosphamide (FEC), and docetaxel (DOC) were safe,
feasible, and effective, and that subtype was predictive for
pCR [7-9]. In these studies, pCR was defined as the
absence of invasive cancer (ypT0, ypTis) or only a few
remaining isolated cancer cells in the breast (near pCR)
(quasi-pCR, QpCR) [6, 8-10]. The present study is a
pooled analysis of these previous JBCRG studies per-
formed to determine the prognostic significance of QpCR
and predictive variables for QpCR.

Patients and methods
Studies

Between 2002 and 2006, JBCRG-01 (n = 202), JBCRG-02
(n = 50) and JBCRG-03 (n = 137) were conducted in

@ Springer

Japan. Details of the individual studies have been described
previously [7-9]. All studies were approved by the relevant
ethics committees, and all patients provided written
informed consent for study participation and data collec-
tion. All studies were registered to UMIN (JBCRG-01,
C000000011; JBCRG-02, C000000020, C000000320;
JBCRG-03, C000000291).

All three studies had comparable main eligibility crite-
ria. The diagnosis of invasive breast cancer was histologi-
cally confirmed in all patients by core biopsy. Female
patients needed to have a measurable breast tumor of at
least 1 cm. Locally advanced or inflammatory breast cancer
was not eligible. Prior to surgery, 4 cycles of fluorouracil
500 mg/m?, epirubicin 100 mg/m?, and cyclophosphamide
500 mg/m?, q3w followed by 4 cycles of DOC 75 mg/m?,
q3w were administered in JBCRG-01, and the dose of
DOC was increased to 100 mg/m2 in JBCRG-02 [7, §]. In
JBCRG-03, FEC and DOC were administered in reverse
order from JBCRG-01 [9]. Patients with hormone receptor
(HR)-positive tumors were encouraged to receive adjuvant
endocrine treatment for at least 5 years, and adjuvant
radiation therapy was recommended for patients who
underwent breast-conserving surgery. No patients received
trastuzumab as a part of NAC; however, after the approval
of adjuvant use of trastuzumab in 2008, patients could
receive trastuzumab for 1 year, if indicated.

Assessment of response

Clinical tumor assessments were performed at each insti-
tute within 4 weeks before initiation of NAC, after com-
pletion of the first 4 cycles of chemotherapy and before
surgery according to the modified Response Evaluation
Criteria in Solid Tumors (RECIST) guideline. Clinical
examinations were based on palpable changes in tumor size
in combination with mammography, ultrasonography,
computed tomography (CT), and magnetic resonance
imaging (MRI). Pathologic response was independently
evaluated by a blinded central review committee according
to the criteria of the Japanese Breast Cancer Society [6,
10], and near pCR was defined as extremely high grade
marked changes approaching a complete response, with a
few remaining isolated cancer cells. For an assessment of
QpCR, multiple tumor sections were examined, and cyto-
keratin immunostaining was performed to confirm the
presence of residual cancer cells, if required.

Assessment of HR and Her2

Estrogen receptor (ER) status and progesterone receptor
(PgR) status were determined by immunohistochemistry at
each institute and, in general, tumors with >10 %
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positively stained tumor cells were classified as positive for
ER and PgR. Her2 status was also determined at each
institute by immunohistochemistry or by fluorescence
in situ hybridization (FISH) analysis. Her2-positive tumors
were defined as 3+ on immunohistochemistry or as posi-
tive by FISH. Subtypes were classified into luminal (ER-
positive and/or PgR-positive, Her2-negative), luminal/
Her2-positive (ER-positive and/or PgR-positive, Her2-
positive), Her2-positive (ER-negative, PgR-negative, Her2-
positive), and triple-negative (TN) (ER-negative, PgR-
negative, Her2-negative).

Statistical analysis

Individual patient data regarding baseline characteristics,
histopathological results at diagnosis and surgery, and
follow-up was extracted for this pooled analysis from the
original databases. Only patients who received at least
one cycle of systemic chemotherapy were included.
Patients were excluded due to missing data for ER, PgR,

Her2, or surgery and due to ineligibility or withdrawal of
consent.

Comparisons between groups were performed with the
chi square test or Fisher’s exact test for proportions and
Wilcoxon test for continuous variables. Disease-free sur-
vival (DFS) and overall survival (OS) were calculated from
the date of initiation of NAC to the date of last follow-up,
recurrence, second cancers, contralateral breast cancers, or
death by using the Kaplan-Meier method. Comparisons
were made by using the log-rank test. Hazard ratios
(HzRs), 95 % confidence interval (CI), and corresponding
p values were calculated by using the Cox proportional
hazards model. Factors associated with QpCR were
assessed by using univariate analysis, and odds ratios
(ORs), 95 % CI, and corresponding p values were assessed
by using logistic regression analysis. In multivariate ana-
lysis, variables were chosen on the basis of the goodness of
fit. Statistical analyses were performed with JMP (version
10, SAS Institute Inc.), and p < 0.05 was considered sta-
tistically significant.

Table 1 Patient characteristics

JBCRG-01 JBCRG-02 JBCRG-03 p value
(2002.6-2004.6) (2004.8-2006.7) -(2005.10-2006.10)
No 186 37 130
Median age (range) 46 (28-60) 45 (30-57) 46 (24-62) 0.62
Tumor size
<3 cm 82 19 45 0.11
>3 cm 104 18 85
Nuclear grade
Grade 1 34 13 22 0.32
Grade 2 43 13 46
Grade 3 39 29
Unknown 70 3 33
Nodal status
n0 109 22 79 0.93
n+ 77 15 51
Subtype
Luminal 113 22 71 0.91
Luminal/Her2- 15 3 16
positive
Her2-positive 21 4 15
Triple-negative 37 8 28
RR (%)
After the first half of 59.7 59.5 62.3 0.88
NAC
Before surgery 74.2 67.6 75.4 0.24
Quasi-pCR rate (%)  25.3 35.1 29.1 0.43
Adjuvant therapy
CR complete response, NAC None 70 16 45 0.62
neoadjuvant chemotherapy, Endocrine 111 17 72 0.29
PCR pathologic complete Trastuzumab 4 3 10 0.042
response, RR response rate
@ Springer
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Results

A total of 353 patients were included in this analysis
among 389 patients who received sequential FEC and DOC
as NAC (Table 1). With a median follow-up of 2274 days,
76 DFS events (21 %) and 36 deaths (10 %) occurred.
There were no significant differences among studies in
terms of patient age at time of study entry, menopausal
status, tumor size, nuclear grade, nodal status, subtype,
clinical response (after the first half of NAC, before sur-
gery), and pathological response. Ki-67 was not available
in the majority of patients and nuclear grade was not
assessed in 106 patients (30 %). Among the 353 patients,
206 (58 %) were luminal, 34 (10 %) were luminal/Her2-
positive, 40 (11 %) were Her2-positive, and 73 (21 %)
were TN. According to protocol and practice guidelines,
200 patients received adjuvant endocrine therapy (no sig-
nificant difference among studies), and 17 patients received
postoperative adjuvant trastuzumab for 1 year. There was a
significant increase in the use of adjuvant trastuzumab in
JBCRG-02 and JBCRG-03 as compared to JBCRG-01
(» = 0.042).

DFS and OS were not significantly different among the
three studies (DFS, p = 0.57; OS, p = 0.27) (Fig. 1). On
the other hand, as shown in Fig. 2, patients who achieved
QpCR had significantly improved survivals compared to

@ Springer

patients without QpCR (DFS, p < 0.001; OS, p = 0.002),
and patients with QpCR experienced greater DFS and OS
as compared to patients without QpCR in JBCRG-01, and
patients with QpCR showed a trend towards greater DFS
and OS in JBCRG-02 and JBCRG-03 (DFS; JBCRG-01,
p < 0.001, JBCRG-02, p = 0.07, JBCRG-03, p = 0.46:
0S; JBCRG-01, p < 0.001, JBCRG-02, p = 0.28, JIBCRG-
03, p = 0.17) (Fig. 3). The types of events was not dif-
ferent among studies (data not shown). Patients with TN
tumors had worse survivals than patients with luminal,
luminal/Her2-positive, and Her2-positive tumors (DFS,

= 0.031; OS, p = 0.10) (Fig. 4). When DFS and OS
according to subtype was analyzed separately for patients
with or without QpCR, patients who achieved QpCR had
significantly improved DFS as compared to patients with-
out QpCR in luminal, luminal/Her2-positive, and Her2-
positive tumors (p = 0.022, p = 0.028, p = 0.003,
respectively), and those who achieved QpCR had signifi-
cantly improved OS compared to those without QpCR in
Her2-positive and TN tumors (p = 0.024, p = 0.031,
respectively) (Fig. 5). There was a trend towards better
prognosis in patients with QpCR as compared to those
without QpCR in DES for patients with TN tumors
(p = 0.11) and in OS for patients with luminal or luminal/
Her2-positive tumors (luminal, p = 0.09; luminal/Her2-
positive, p = 0.16). The Cox proportional hazards model
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Fig. 3 Prognostic impact of pathologic response according to studies

showed node-positive, TN, and QpCR were the significant
predictors for DFS and OS among study, age, tumor size,
nuclear grade, nodal status, subtype, clinical response, and
pathologic response (DFS; node-positive, HzR = 2.29,
p = 0.001; TN, HzR = 3.39, p < 0.001; QpCR, HzR =
0.27, p<0.001: OS; node-positive, HzR = 3.05,
p = 0.003; TN, HzR = 4.92, p < 0.001; QpCR, HzR =
0.12, p < 0.001) (Tables 2, 3).

As shown in Table 4, luminal/Her2-positive, Her2-
positive and TN tumors showed significantly higher QpCR
rates than luminal tumors (41.2, 52.5, 42.5, 15.5 %,
respectively) (p < 0.001), and the clinical response was

Days

also significantly associated with QpCR in univariate ana-
lysis (clinical response after the first half of NAC,
p < 0.001; clinical response before surgery, p < 0.001).
When logistic regression analysis was performed to exam-
ine which variables among study, age, tumor size, nuclear
grade, subtype, and clinical response were associated with
QpCR, subtype (luminal/Her2-positive, Her2-positive, TN),
and clinical response before surgery were significant pre-
dictive variables for QpCR (luminal/Her2-positive,
OR = 4.15, p=0.002; Her2-positive, OR = 6.24,
p < 0.001; TN, OR = 4.24, p < 0.001, clinical response
before surgery, OR = 2.41, p = 0.019) (Table 5).
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Fig. 4 Prognostic impact of
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This is, to the best of our knowledge, the largest individual
patient-based pooled analysis of the prognostic significance
of QpCR and the predictive variables for QpCR in pro-
spective studies of neoadjuvant anthracycline-taxane-based
chemotherapy. In a similar study, von Minckwitz et al. [3]
demonstrated that when pCR was defined as no invasive
and no in situ residuals in breast and nodes (ypTOypNO),
the pathologic response could best discriminate between
patients with favorable and unfavorable outcomes and was
a suitable surrogate end point for patients with luminal
B/Her2-negative, Her2-positive and TN tumors, but not for
patients with luminal A or luminal B/Her2-positive tumors
(irrespective of trastuzumab treatment). In addition, in the
meta-analysis of a working group known as the Collabo-
rative Trials in Neoadjuvant Breast Cancer (CTNeoBC)
[4], pCR was uncommon in patients with low-grade HR-
positive tumors, and pCR (ypT0/isypNO) had prognostic
impact in patients with HR-positive-high-grade, HR-posi-
tive-Her2-positive, Her2-positive, and TN tumors. Con-
sistent with these studies, we found that pathologic
response as well as subtype (i.e., TN) has prognostic sig-
nificance. In addition, the prognostic significance of QpCR
was dependent on subtypes; however, the beneficial effect
of QpCR on DFS in luminal and luminal-Her2-positive
tumors might be attributed to 8 cycles of NAC, as longer
treatment was found to increase pCR rates in HR-positive
tumors, irrespective of Her2 status [5].

In the present study, we included near pCR to pCR to
ensure consistency among the studies. In this respect, it
should be noted that residual invasive diseases (RD) after
NAC include a broad range of actual responses from near
pCR to frank resistance, and QpCR used in the present
study differs from the other studies including focal RD for
pCR in the extent of RD [3, 11, 12]. For example, in the
former study([3], up to 5 mm of RD was considered as
focal, and it was found that focal RD was associated with
increased relapse risk, while we strictly limited near pCR
to only a few remaining isolated cancer cells [3, 11]. It is
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pathologic responses were subdivided into residual cancer
burden (RCB)-0 (ypstage0), RCB-1(minimal RD), RCB-II
(moderate RD) and RCB-III (extensive RD) by calculating
RCB as a continuous variable from the primary tumor
dimensions, cellularity of the tumor bed, and the number
and size of nodal metastases, patients with RCB-I had the
same S5-year prognosis as patients with RCB-0. Thus, the
inclusion of RCB-1 or near pCR as defined in this study
would expand the subset of patients who could be identi-
fied as having benefited from NAC [13].

In addition to pathologic response, nodal status was an
independent prognostic variable in this study. This finding
is consistent with the study of Bear et al. [14] demon-
strating that pathologic nodal status was a strong predictor
of survival irrespective of pathologic response to the breast.
On the other hand, the prognostic impact of QpCR was
statistically significant in JBCRG-01, but not in JBCRG-02
and JBCRG-03. One plausible explanation of this differ-
ence seems to be due to the adjuvant use of trastuzumab, as
more patients received trastuzumab as adjuvant therapy in
JBCRG-02 and JBCRG-03 than JBCRG-01. On the other
hand, we could not completely exclude another possibility
that the sequence of FEC and DOC could affect the sur-
vival. However, so far, no strategy has been found to be
clearly superior to the others in patients with operable
breast cancer [1]. In addition, the potential limitations of
the present study should be addressed. We could not divide
luminal A tumors and luminal B/Her2-negative tumors; the
majority of tumors were HR-positive; the sample size of
patients with Her2-positive or TN tumors was small; and
the limited number of events could affect the result. Nev-
ertheless, the results of the present study as a whole are
consistent with the previous reports in that the prognostic
significance of pCR varies according to subtype [3, 4].

Moreover, we found that subtype (i.e., not luminal) was
predictive of QpCR. This result is consistent with the meta-
analysis by Houssami et al. [15] demonstrating an inde-
pendent association between subtype and pCR. In that
meta-analysis, OR for pCR was highest for TN and HR-
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was also indicated by the Neoadjuvant Herceptin (NOAH)
trial [16]. It is also demonstrated that patients with TN
tumors have increased pCR rates as compared to non-TN
tumors, and patients with pCR have excellent and
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Table 2 Multivariate analysis for disease-free survival (Cox pro-
portional hazards model)

Table 3 Multivariate analysis for overall survival (Cox proportional
hazards model)

Variables HzR 95 % CI p value Variables HzR 95 % CI p value
Study Study

JBCRG-02 2.09 0.95-4.25 0.07 JBCRG-03 2.85 0.92-7.81 0.07

JBCRG-03 1.31 0.76-2.21 0.32 JBCRG-02 1.42 0.57-3.42 0.44
Age 1.00 0.97-1.03 0.86 Age 0.98 0.94-1.03 0.45
Tumor size Tumor size

>3 cm 1.19 0.73-1.98 0.48 >3 cm 2.03 0.98-4.54 0.06
Nuclear grade Nuclear grade

Grade 3 1.31 0.66-2.55 0.43 Grade 3 1.07 0.39-2.81 0.89
Nodal status Nodal status

Node positive 2.29 1.40-3.81 0.001 Node positive 3.05 1.47-6.63 0.003
Subtype Subtype

Luminal/Her2-positive 1.62 0.60-3.73 0.32 Luminal/Her2-positive 273 0.60-9.08 0.17

Her2-positive 1.33 0.48-3.12 0.55 Her2-positive 331 0.88-10.19 0.07

Triple-negative 3.39 1.82-6.19 <0.001 Triple-negative 4.92 2.07-11.42 <0.001
Clinical response (CR, PR) Clinical response (CR, PR)

After the first half of NAC 0.74 0.44-1.27 0.27 After the first half of NAC 0.76 0.34-1.71 0.50

Before surgery 0.88 0.48-1.50 0.56 Before surgery 0.55 0.25-1.26 0.16
Pathological response Pathologic response

Quasi-pCR 0.27 0.11-0.56 <0.001 Quasi-pCR 0.12 0.02-0.43 <0.001

CI confidence interval, CR complete response, HzR hazard risk, NAC
neoadjuvant chemotherapy, PR partial response, pCR pathologic
complete response

comparable survival, but those without pCR have signifi-
cantly worse survival if they have TN tumors as compared
to non-TN tumors [3, 17]. Similarly, patients with TN
tumors had worse survival compared with the others in the
present study. In addition, we failed to find statistically
significant improvement of DFS by achieving QpCR in
patients with TN tumors, and probability of OS tended to
decrease with time. Thus, high QpCR rates obtained in
patients with TN tumors do not appear to have a mean-
ingful effect on the prognosis of the entire group of patients
with TN tumors, and it is conceivable to consider that the
worse survival of patients with TN tumors is primarily
determined by the worse survival of patients with RD after
NAC [17]. These findings indicate the necessity of an
individualized approach for preoperative treatment
according to subtype or RD after NAC to improve the
outcomes of patients receiving NAC [5]. To address these
issues, JBCRG is conducting several phase II studies of
neoadjuvant-endocrine treatment in patients with HR-
positive/Her2-negative tumors and an exploratory ran-
domized phase I study of dual-Her2 blockage therapy
(trastuizumab and lapatinib) in Her2-positive operable
breast cancer JBCRG-16/NeoLaTH) [18, 19]. In addition,
an international collaborating randomized phase III study is
now investigating whether or not capecitabine improves

@ Springer

CI confidence interval, CR complete response, HzR hazard risk, n+
node positive, NAC neoadjuvant chemotherapy, PR partial response,
pCR pathologic complete response

the outcome in patients with Her2-negative tumors who
have RD after NAC (JBCRG-04/CREATE-X) [18, 19].

In addition, this study demonstrated the predictive
impact of clinical response before surgery on QpCR by
logistic analysis. This finding is consistent with the finding
of JBCRG-01, indicating that clinical response was an
independent predictive variable for QpCR [7], but is in
contrast to the findings of JBCRG-03, in which clinical
response was not a significant predictive factor. Although
the inconsistency might partially be due to the lack of a
standardized method to evaluate clinical response, it should
be noted that current imaging techniques may underesti-
mate the biological or pathologic tumor response, as these
are primarily based on anatomic information only (tumor
size). Therefore, it will be important to identify accurate
methods for monitoring early treatment response in order
to maximize treatment effectiveness and minimize treat-
ment toxicity without benefit [2]. In this respect, a
quantitative contrast-enhanced MRI and [F-18] fluorode-
oxyglucose positron emission tomography (FDG PET)
might be helpful to identify RD and to predict pCR [2, 20,
21]. Further study is needed to better characterize the
response to NAC.

In conclusion, this pooled analysis confirmed the prog-
nostic significance of QpCR in patients who received
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Table 4 Predictive variables for QpCR by univariate analysis

Variables QpCR Non-QpCR  p value
Study
JBCRG-01 47 (25.3 %*) 139
JBCRG-02 13 (35.1 %) 24 0.43
JBCRG-03 38 (29.2 %) 92

Median age (range)

Tumor size 47.5 (29-60) 46 (24-62) 0.57
<3cm 43 (26.6 %) 103 0.55
>3 cm 55 (29.5 %) 152

Nuclear grade
Grade 3 25 (32.9 %) 51 0.18
Grade 2, 1 42 (24.6 %) 129

Subtype
Luminal 32 (15.5 %) 174

Luminal/Her2-positive 14 (41.2 %) 20 <0.001

Her2-positive 21 (52.5 %) 19

Triple-negative 42 (42.5 %) 42

Clinical response (response rate)

After the first half of NAC
SD, PD 29 (20.9 %) 145 0.018
CR, PD 69 (32.2 %) 110

Before surgery
SD, PD 15 (16.9 %) 74 0.023
CR, PD 82 (31.4 %) 179

CR complete response, NAC neoadjuvant chemotherapy, PD pro-
gressive disease, PR partial response, pCR pathologic complete
response, SD stable disease

* QpCR rate

Table 5 Predictive variables for QpCR by logistic regression
analysis

Variables OR 95 % CI p value
Study

JBCRG-02 2.11 0.87-5.05 0.10

JBCRG-03 1.22 0.69-2.17 0.50
Age 1.01 0.97-1.04 0.65
Tumor size

>3 cm 0.68 0.39-1.20 0.19
Nuclear grade

Grade 3 - 0.70 0.33-1.42 0.32
Subtype

Luminal/Her2-positive 4.15 1.75-9.86 0.002

Her2-positive 6.24 2.76-14.48 <0.001

Triple-negative 4.24 2.14-8.54 <0.001
Clinical response (CR, PR)

After the first half of NAC 1.35 0.74-2.50 032

Before surgery 241 1.15-5.27 0.019

CI confidence interval, CR complete response, NAC neoadjuvant
chemotherapy, OR odds ratio, PR partial response
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sequential FEC and DOC regimens as NAC. The QpCR
rate was high in patients with luminal/Her2-positive, Her2-
positive, and TN tumors as compared to luminal tumors;
however, the survival of patients with TN tumors was
inferior. This study underscores the significance of a sub-
type-based, individualized approach for NAC.
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Abstract This randomized, multicenter study compared
the efficacy of docetaxel with or without capecitabine
following fluorouracil/epirubicin/cyclophosphamide (FEC)
therapy in operable breast cancer and investigated the role
of Ki67 as a predictive biomarker. Patients were random-
ized to 4 cycles of docetaxel/capecitabine (docetaxel:
75 mg/m* on day 1; capecitabine: 1,650 mg/m? on days
1-14 every 3 weeks) or docetaxel alone (75 mg/m? on day
1 every 3 weeks) after completion of 4 cycles of FEC
(5-fluorouracil 500 mg/m?, epirubicin 100 mg/m? and cyclo-
phosphamide 500 mg/m* on day 1 every 3 weeks). The
primary endpoint was the pathological complete response
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(pCR) rate. Predictive factor analysis was conducted using
clinicopathological markers, including hormone receptors
and Ki67 labeling index (Ki67LI). A total of 477 patients
were randomized; the overall response in the docetaxel/
capecitabine and docetaxel groups was 88.3 and 87.4 %,
respectively. There were no significant differences in the
PCR rate (docetaxel/capecitabine: 23 %; docetaxel: 24 %;
p = 0.748), disease-free survival, or overall survival.
However, patients with mid-range Ki67LI (10-20 %)
showed a trend towards improved pCR rate with docetaxel/
capecitabine compared to docetaxel alone. Furthermore,
multivariate logistic regression analysis showed pre-treat-
ment Ki67LI (odds ratio 1.031; 95 % CI 1.014-1.048;
p = 0.0004) to be a significant predictor of pCR in
this neoadjuvant treatment setting. Docetaxel/capecitabine
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(after 4 cycles of FEC) did not generate significant
improvement in pCR compared to docetaxel alone. How-
ever, exploratory analyses suggested that assessment of
pre-treatment Ki67LI may be a useful tool in the identifi-
cation of responders to preoperative docetaxel/capecitabine
in early-stage breast cancer.

Keywords Breast cancer - Neoadjuvant
chemotherapy - Ki67 - Capecitabine - Pathological
complete response - Docetaxel

Introduction

Neoadjuvant chemotherapy has become increasingly sig-
nificant in the treatment of operable early-stage breast
cancer, with the advantage of the potential to downgrade
tumors and increase the rate of breast conserving surgery
(BCS) in patients that may have otherwise required a
mastectomy [1]. Results from the National Surgical
Adjuvant Breast and Bowel Project (NSABP) protocol
B-18 trial demonstrated an increased likelihood in BCS in
breast cancer patients treated with a neoadjuvant anthra-
cycline-based regimen [1]. Although the B-18 trial did not
demonstrate a survival advantage in patients treated with
preoperative chemotherapy, it established pathological
complete response (pCR) as a prognostic marker for dis-
ease-free survival (DES). Indeed, pCR after neoadjuvant
chemotherapy is considered a marker for favorable prog-
nosis in breast cancer patients [2].

As such, clinical and molecular biomarkers capable of
predicting pCR have been assessed following neoadjuvant
treatment in breast cancer patients [3, 4]. In particular, the
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proliferation marker Ki67 has been reported to have pre-
dictive and prognostic value in patients with invasive
breast cancer who received a range of neoadjuvant che-
motherapy regimens, including anthracycline-based regi-
men without taxanes and anthracycline and taxane-based
protocols [5].

While neoadjuvant treatment with anthracycline-based
regimens is highly effective in the treatment of breast
cancer, the sequential addition of a taxane to an anthra-
cycline-based neoadjuvant regimen has been demonstrated
to induce additive efficacy. In the NSABP B-27 trial, the
sequential addition of docetaxel after doxorubicin and
cyclophosphamide (AC) therapy doubled the rate of pCR,
increased clinical response and increased the proportion of
negative axillary nodes in early breast cancer patients [6].
In addition, 5-fluorouracil-epirubicin and cyclophospha-
mide (FEC) followed by docetaxel as neoadjuvant che-
motherapy in the Japan Breast Cancer Research Group
(JBCRG) 01 trial resulted in a pCR rate of 16 % with BCS
possible for 85 % of the patients assessed [7].

In addition to inducing increased efficacy with anthra-
cyclines, docetaxel has demonstrated significant synergy
with the oral prodrug capecitabine [8]. Capecitabine is
converted to S5-fluorouracil in a three-step process catalyzed
by thymidine phosphorylase (TP) [9] and exhibits tumor
specificity by exploiting the significantly higher activity of
TP in tumor tissue in comparison to healthy tissue [8, 9].
Docetaxel has been demonstrated to upregulate TP expres-
sion in tumor tissues, possibly accounting for the synergistic
effect observed with capecitabine [8]. Clinical studies have
shown that single-agent capecitabine was an active and
tolerable treatment for metastatic breast cancer (MBC) with
disease progression during and after anthracycline and

H. Yamashita
Department of Breast and Endocrine Surgery, Nagoya City
University Hospital, Nagoya, Japan

K. Hisamatsu
Department of Surgery, Hiroshima City Asa Hospital,
Hiroshima, Japan

Y. Ito
Department of Surgery, Higashi Municipal Hospital, Nagoya,
Japan .

Y. Yamamoto
Department of Breast and Endocrine Surgery, Kumamoto
University Hospital, Kumamoto, Japan

T. Ueno - E. Fakhrejahani - N. Yoshida - M. Toi
Breast Surgery Department, Kyoto University Hospital, Kyoto,
Japan

355



