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Table 1

Neoadjuvant endocrine trials.
Author or Number Design Duration  Clinical ORR®
trial name of patients (month)
IMPACT? 330 ANA? vs TAMP 3 37%, 36%, 39%

vs ANA + TAM
PROACT? 451 ANA vs TAM 3 49.7%, 39.7%
PO24 Trial* 337 LETC vs TAM 4 55%, 36%
GENARI Trial® 29 EXEY 4 37.0%
French study® 45 EXE 14-27 70.6%
weeks

Gil Gil (Spain)’ 55 EXE 6 50%
Mustacchi® 44 EXE 6 66%

2 ANA = Anastrozole.

® TAM = Tamoxifen.

¢ LET = Letrozole.

4 EXE = Exemestane.

¢ ORR = objective response rates.

more patients than did tamoxifen. The neoadjuvant drug,
exemestane, has been evaluated in several small studies. The re-
sults have been promising and warrant further evaluation to

determine the optimal therapeutic conditions for hormone recep- -

tor-positive patients. Specifically, the optimal treatment duration
time and the causal relationship between neoadjuvant endocrine
therapy and clinical response are not clear (Table 1). In addition,
there are studies that have reviewed the optimal duration time of
hormone treatments. Here, we investigated the benefits of 4 and 6
month long neoadjuvant exemestane therapy.

Materials and methods
Patients

We enrolled >55-year-old post-menopausal women (defined
as: no spontaneous menses for > 1 year; LH levels > 30 IU/L; or
bilateral oophorectomy prior to breast cancer diagnosis) with stage
[IA-1IIA invasive ER- andfor PgR-positive breast carcinoma, as

confirmed by immunohistochemical examination of core-needle
biopsies (defined as: >10% endocrine receptor + nuclear stain-
ing). We further required that tumors be measurable by clinical
palpation. Written informed consent was obtained from each
patient.

Patients were ineligible if they had any severe coincident
medical disease that would prevent them from receiving surgery,
place them at unusual risk, or confound the study results; were
unwilling or unable to discontinue using drugs affecting sex
hormones (including hormone replacement therapy); had suf-
fered from any invasive malignancy within the previous 5 years
(other than carcinoma of the skin or carcinoma in situ of the
cervix, adequately cone biopsied); had received any previous
breast cancer treatment or tamoxifen as part of a breast cancer
prevention study; or, had received treatment with non-approved
drugs during the 3 months prior to randomization. Criteria for
withdrawal from the study included patients who had completed
the 5-year treatment course; did not begin randomized therapy;
withdrew informed consent; had confirmed clinically significant
disease before surgery or confirmed recurrence after surgery;
had an adverse event; or, were withdrawn at the investigator’s
discretion.

Study design and setting

This study was conducted at three hospitals in Japan as a
multicenter, open-label, double-arm, randomized, phase II clinical
trial of pre-operative exemestane treatment in post-menopausal
women with primary breast cancer. In order to optimally bal-
ance the patients in the two treatment arms with respect to
prognostic factors, the patients were stratified by tumor factor,
node factor, and age. The neoadjuvant endocrine treatment
regimen consisted of one 25 mg exemestane tablet daily for 4 or 6
months, Fifty-one post-menopausal women with ER-positive and/
or PgR-positive invasive breast cancer were randomly assigned to
exemestane (25 mg/day) for 4 months (Group A) or exemestane
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ER+ and/or PgR+, (confirmed by CNB®)
Registration 51 patients (pts)
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Setting: Multicenter study involving 3 hospitals in Japan

*CNB = core needle biopsy

PD = Progressive Disease

The patient with PD canceled treatment and underwent immediate surgery.

Fig. 1. Study design,
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(25 mg/day) for 6 months (Group B; Fig. 1). When antitumor ef-
fects were observed with progressive disease (PD), the treatment
was canceled and patients underwent surgery immediately. All
patient data was collected by UMIN (UMIN000005668) and
analyzed at the National Cancer Center in Japan. Tumors were
measured by caliper before exemestane treatment began, and
again in the eighth week of therapy. Tumor regression by clinical
examination, pathological response, decisions regarding breast-
conserving surgery, and safety assessments were the main
outcome measures. All patients provided written informed con-
sent. This investigational registration period was planned three
years from May 2008. The trial was conducted in accordance with
the principles of Good Clinical Practice as specified in the Decla-
ration of Helsinki (Edinburgh, 2000). The study protocol was
guided by the current regulations governing clinical trials, and
was approved by the Ethics Committees of the individual hospi-
tals involved. All-patients gave written informed consent before
study enrollment.

Study endpoints

The primary endpoints were objective response rates (ORR) by
caliper at 4 and 6 months of treatment using an intention to treat
analysis. Secondary endpoints were the rates of breast-conserving
surgery or mastectomy, and the pathological response rates.

Clinical assessments

The primary study objective was to compare the differences
between exemestane treatment for 4 and 6 months, using objective
complete responses (CRs) and partial responses (PRs) as defined by
the Response Evaluation Criteria in Solid Tumors (RECIST),® which
is based on caliper measurements of tumor size. Clinical response
was assessed by comparing the longest diameter of the target le-
sions with the baseline measurement based on RECIST criteria.
Every 4 weeks, patients underwent a physical examination, toxicity
assessment, and tumor assessment using WHO criteria. If tumor
progression was suspected, the tumor was further assessed by ul-
trasound or mammography. At baseline and immediately before
surgery, the investigator recorded the extent of the least invasive
feasible breast surgery option at that particular time: whether
breast-conserving surgery or mastectomy was needed, or whether
the tumor was inoperable.

Histological assessments

Histopathological therapeutic response was classified according
to the General Rules for the Clinical and Pathological Recording of
Breast Cancer 2005.1° For Grade 0, no response was observed;
Grade 1a comprised those tumors with mild changes in cancer cells
regardless of the area, or marked changes seen in less than one-
third of cancer cells; Grade 1b comprised tumors with marked

changes seen in more than one-third but less than two-thirds of

tumor cells; Grade 2 tumors contained marked changes in more
than two-thirds of tumor cells; and Grade 3 tumors demonstrated a
complete response, with no cancerous cells remaining. Mild
changes included slight degenerative changes in cancer cells not
suggestive of cell death (including cancer cells with vacuolation of
the cytoplasm, eosinophilic cytoplasm, swelling of the nucleus,
etc.). Marked changes include noticeable degenerative changes in
cancer cells suggestive of cell death (including liquefaction, ne-
crosis, and disappearance). The pathological response group was
defined as tumors with Grade 1b and 2 responses. The non-
response group was defined as tumors with Grade 0 and 1a
responses.

Statistics

Based upon previous results, we assumed the response rate to
be 40% and 60% after 4 and 6 months of exemestane, respectively
(Table 1). To achieve an 80% statistical power, 46 examples were
required to detect differences in both response rates with a 5% level
of significance.! To account for attrition, we enrolled 50 patients.!!
Analysis was on an intention to treat (ITT) basis. The chi-squared
test was used to compare tumor characteristics and responses,
and rates of breast-conserving surgery between groups. Results
with p < 0.05 were considered to be significant.

Results
Patient baseline characteristics

The study enrolled 52 post-menopausal women at 3 hospitals in
Japan between April 25, 2008 and August 12, 2010. Of these, 26
patients were allocated to Group A, and 26 to Group B. One patient
withdrew and did not complete the study (Group B). The main
characteristics of the eligible patients are described in Table 2. The
baseline characteristics were well balanced between the two
treatment arms (Table 2).

Efficacy results

Evaluation of the primary efficacy endpoint (overall objective
response as determined by clinical palpation) revealed that there
was no statistically significant difference in the overall objective
response (CR + PR) between the two treatment groups: Group A,
42.3%; Group B, 48.0%; p = 0.89 (Table 3). Clinically, 7.7% of Group A
and 8.0% of Group B patients progressed while 50.0% and 44.0% of
Group A and B patients, respectively, remained stable (not signifi-
cant). As for the anti-tumor effect assessed by caliper at the eighth
week, there were no differences between the two cohorts (Table 3).
The pathological response rates of Groups A and B were 19.2% and
32.0%, respectively, a difference that was not statistically significant
(Table 4, p = 0.47). Pathological CR in the primary breast lesion was
only observed in one patient in Group B. Withdrawals from the trial
due to side effects did not occur in either Group.

Table 2
Patients’ baseline characteristics.
Group A Group B
(4 months) (6 months)
Age, median (range) 66 (51—80) 64 (57-80)
Tumor stage, number (%) T2 24 (92.3%) 24 (92.0%)
T3 2(7.7%) 2 (8.0%)
Nodal stage, number (%) NO . 21(80.8%) 24 (92.0%)
N1 5(19.2%) 2 (8.0%)
Clinical stage, number (%) 1IA 19 (73.1%) 22 (84.0%)
1B 7 (26.9%) 4 (16.0%)
BMI? 23.9(18.5-31.5) 24.5(17.5-323)
Tumor diameter (caliper) 30.5 (20-60) 30.0 (13-55)
Median (range) mim
Receptor status
ER® positive/HER2® negative 25 22
ER® positive/HER2 positive 1 3
pgrY Positive 20 18
Negative 6 8

There were no differences between Groups A and B in these characteristics.
2 BMI = body mass index.
b ER = estrogen receptor.
¢ HER2 = human epidermal growth factor receptor type 2.
d PgR = progesterone receptor.
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Table 3
Clinical response (caliper).

Response? Group A (4 months) Group B (6 months)
number (26) number (25)
8 weeks 16 weeks 8 weeks 24 weeks

CR 0 1 0 2

PR 7 10 5 10

SD 17 13 20 11

PD 2 2 [ 2

Clinical ORR (CRor PR)  26.9% 42.3% 20.0% 48.0%

p = 0.89.

Complete Response: CR, Partial Response: PR, Stable Disease: SD, Progressive Dis-
ease: PD.
ORR: objective response rates.

2 The RECIST methodology was used to assess response (Therasse et al., 2000).

Table 4
Clinical response (pathological response).

Pathological response® Group A (4 months) Group B (6 months)

number number
3 0 1
2 0 1
1b 5 6
1a 15 13
0 6 4
Response rate (1b or 2 or 3) 19.2% 32.0%

p=047.
0 no response, 1a mild response, 1b moderate response, 2 marked response, 3
complete response.

2 Pathological response was defined as a Grade 1b, 2, or 3 lesion according to the
following criteria.

Breast conservation

Of the 52 randomized patients, 32 would have required a
mastectomy at baseline (17 in Group A and 15 in Group B; Table 5).
For one of these patients, an operation was not performed. Surgery
outcomes with respect to breast conservation improved in 4 of 26
patients in Group A (15.4%), as compared to 1 of 25 patients in
Group B (4.0%). As compared to the intent-to-treat population, the
increase in patients eligible for breast conserving surgery was
numerically higher in Group A than Group B, although this differ-
ence did not reach statistical significance.

Discussion

ER-positive tumors are generally less sensitive to chemotherapy
than ER-negative tumors.'>** Some trials have shown that tamox-
ifen is an effective primary endocrine agent for the treatment of
locally advanced™ and operable ER-positive breast cancers, espe-
cially in the elderly population.”® A combined analysis of the
IMPACT and PROACT clinical trials showed a trend toward better
objective response rates when patients received aromatase in-
hibitors, but no statistically significant difference was observed
between treatments with aromatase inhibitors or tamoxifen.?>

Table 5
Rate of breast-conserving surgery.

Group A (4 months) Group B (6 months)
Estimation Post Estimation Post
(pre treatment) treatment (pre treatment) treatment
Mastectomy 17 13 Mastectomy 14 13
BCS* 9 13 BCS 11 12
Rate of BCS 34.6% 50% Rate of BCS 44.0% 48.0%

2 BCS = Breast-conserving surgery.

However, in the P024 trial, the objective response rate for treat-
ment with aromatase inhibitors was significantly greater than that
for tamoxifen.* At present, the optimum duration of treatment for
neoadjuvant endocrine treatment is not known. Ideally, the timing
would be based on individual patient response. Clinical trials
report a common duration period of preoperative endocrine ther-
apy as 4—6 months. Likewise, the duration of many neoadjuvant
chemotherapy treatments is 6 months. Therefore, we carried out
this study to compare the use of exemestane for 4 and 6 months
prior to surgery. We found no significant differences in outcomes
between patients who received the drug for 4 or 6 months; how-
ever, the latter group tended to have higher anti-tumor responses.
It is thought that this observation did not reach statistical signifi-
cance because we set the significant difference of both groups at
20%.0ur study results show that the maximum response of neo-
adjuvant hormone therapy by exemestane is around four months.
These data are consistent with the study by Antonio Llombart-
Cussac et al.,'® in which the maximum response to therapy with
letrozole was at 4.2 months. In addition, a randomized phase Il
study’” compared 4—8 months of letrozole in a single arm; there
tended to have higher anti-tumor responses. We think that these
results indicate that the maximum response to neoadjuvant hor-
mone therapy is also around four months. ER- and/or PgR-positive
tumors are biologically heterogeneous. It is thought that biologi-
cally heterogeneous groups require detailed statistical adjustment.
Krainick-Strobel UE et al.”7 found that 4 months of neoadjuvant
exemestane therapy improved the rate of breast-conserving sur-
gery. There was not a large difference in response rates for treat-
ments of 3—6 month duration; however, the anti-tumor effects
tended to be greater after 6 months of treatment as compared to
shorter time points. In our study, neither treatment group experi-
enced severe side effects as a result of the therapy. However, Group
B tended to have a higher pathological response rate. It seems that
the maximum anti-tumor effect may be reached at different time
points for each patient over the course of 24 weeks of treatment.
Therefore, we cannot expect a large antitumor effect by treating for
longer than 4 months; however, we could extend the treatment
period until the time of operation. Furthermore, in addition to using
exemestane as preoperative treatment in post-menopausal women
with ER-positive breast cancer, due to the mild side effects
observed during the 6 month course of treatment, we envision
administering the drug over the long term under careful clinical
supervision.
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Introduction

Recent advances have changed the treatment strategy for breast
cancer. The biological behavior of breast cancer has been investigated
by molecular profiling with the use of array technology,’ and breast
cancers were divided into 3 major subtypes: luminal subtype, human
epidermal growth factor receptor 2 (HER2) subtype, and basal and
normal breast-like subtype.”
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Triple-negative breast cancer (I'NBC), which is characterized
by the lack of estrogen receptor (ER), progesterone receptor
(PgR), and HER2 expression, is highly though not completely
concordant with the basal subtype according to Sorlie’s classifi-
cation. It has no subtype-specific treatment and chemotherapy
remains the only possible therapeutic option in the adjuvant or
metastatic setting. Therefore, TNBC patients usually undergo
adjuvant or neoadjuvant chemotherapy, but TNBC tends to de-
velop visceral metastases and aggressive clinical behavior despite
the clinical response.”?

For patients receiving preoperative systemic chemotherapy (PST),
previous studies involving patients with all breast cancer subtypes
have shown that pathologic complete response (pCR) is a powerful
surrogate marker of long-term disease-free (DFS) and overall survival
(08).#=% Thereafter, it was reported that pCR was also a surrogate
marker of cancer-specific prognosis for TNBC patients.”

1526-8209/S - see frontmatter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/1.dbc.2012.09.013



On the other hand, patients who do not achieve pCR will have
shorter survival and data on pathologic response can be obrained
after PST. In order to resolve this issue, response-guided treatment
has been examined in a phase I1I clinical trial.” This trial includes all
breast cancer subtypes, but if response-guided treatment were ap-
plied to TNBC, it should be noted that TNBC tends to develop
visceral metastases and aggressive clinical behavior despite clinical
response.”

In this study, we retrospectively collected clinical, pathologic, and
prognostic information on TNBC patients who underwent PST at
our institution, and analyzed the data to identify any significant
prognostic factors and to investigate what is the ideal treatment strat-
egy for TNBC patients.

Patients and Methods

Among 4195 operable primary breast cancer patients, there were
135 patients who were diagnosed as TNBC by needle biopsy and
then underwent systemic chemotherapy between 2000 and 2009
before surgery. The clinical tumor size, which was measured by mag-
netic resonance imaging (MRI) or computed tomography (CT)
scans and ultrasonography (US), and clinical nodal status were re-
corded both before and after PST. Patients with more than Interna-
tional Union Against Cancer (UICC) T2 or N1 tumor underwent
examination of CT and bone scintigram to rule out distant metasta-
sis. The PST protocol and treatment of adverse effects were managed
by clinical oncologists. The surgical procedure was determined by
the surgeon in consultation with the radiologist on the radiologic
findings after systemic chemotherapy. Patients underwent 1 or more
of the following procedures: mastectomy, partial mastectomy, axil-
lary lymph node dissection, and sentinel lymph node biopsy. Clinical
response was based on clinical and radiologic findings as evaluated by
surgeons, oncologists, and radiologists according to the Response
Evaluation Criteria in Solid Tumors guidelines. Radiologic exami-
nations of MRI or CT, and US for evaluation of clinical response
were performed at least both before and after PST for every patient.
Negative ER and PgR status were defined as < 1% of positive cells or
an Allred score < 3, and negative HER2 status was defined as a
HER2 score of 0 or 1 both before PST and after surgery by more than
2 pathologists. Patients with HER2 scores of 2 were excluded from
this study. Pathologists also recorded the pathologic invasive tumor
size, pathologic nodal status, histologic grades, the presence or ab-
sence of lymphovascular invasion, and pathologic response to PST
based on the findings in the surgical specimen. The definition of
pCR allowed for residual cancer of the intraductal component. Par-
tial mastectomy or 4 or more positive lymph nodes were considered
indications for radiation therapy.

All patients received physical examinations every 3—6 months,
and blood tests and chest x-rays at least annually as outpatients after
surgical treatment. Computed tomography and bone scintigraphy
were performed according to patients’ symptoms or abnormal find-
ings on physical examination or blood tests. All patients were fol-
lowed up until latest outpatient visit or death.

The association between clinicopathologic factors and 5-year DFS
and OS was investigated using Kaplan—Meier analysis and Cox pro-
portional hazards modeling, which was calculated from the date of
PST initiation to the event. Clinicopathologic variables investigated

Negative

Positive

) Negative ] 73
Positive 62

Abbreviations: BMI = body mass index; PST = preoperative systemic chemotherapy; TNBC =
triple-negative breast cancer.

included family history of breast cancer within second-degree rela-
tives, menopausal status, body mass index (BMI), clinical T stage
according to the UICC classification before PST, clinical nodal sta-
tus before PST, chemotherapy regimen, completion of chemother-
apy, surgical procedure, radiation therapy, histologic grade, patho-
logic invasive tumor size, pathologic nodal status according to the
UICC dlassification, lymphatic invasion, vascular invasion, HER2
status (0 or 1), clinical response to PST, and pathologic response
(pCR or non-pCR). JMP version 9.0 software was used for statistical
analysis.

Results

Among the 135 TNBC patients, median tumor diameter on pal-
pation was 4.5 cm (range, 1-15 cm), median age was 54 years (range,
23-77), and 73 patients had clinically positive lymph nodes before
PST. There were 57 premenopausal and 78 postmenopausal pa-
tients. When patients were classified into 3 groups based on BMI, 10
patients were underweight (BMI < 18.5), 97 were within the normal
range (BMI 18.5-25), and 28 were overweight or obese (BMI > 25).
Patient characteristics are shown in Table 1. Of the 135 patients, 123

underwent both anthracycline (A) and taxane (T) containing (A+T)

regimens, 5 patients had an A regimen only, and 7 patients had a T
regimen only. The A+T regimen consisted of 4 cycles of doxorubi-
cin (60 mg/m?) plus cyclophosphamide (600 mg/m?) followed by
weekly paclitaxel (80 mg/m?), 4 cycles of epirubicin (100 mg/m?),
cyclophosphamide (500 mg/m?), and 5-fluorouracil (500 mg/m?)
followed by weekly paclitaxel (80 mg/m?), and 4 cycles of concurrent
doxorubicin (50 mg/m?) plus docetaxel (50 mg/m?). Concurrent
regimens of A and T were terminated by 2002, T monotherapy was
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Abbreviations: A = anthracycline regimen; A+T = regimen containing both anthracycline and
taxane; CR = complete response; PD = progressive disease; PR = partial response; PST =
preoperative systemic chemotherapy; SD = stable disease; T = taxane regimen.

terminated by 2005, and A regimens were terminated by 2007.
Regarding treatment completion, 94 out of 123 patients (76%)
receiving A+ T regimens completed the scheduled treatment, 4
out of 5 patients (80%) given the A regimen and 6 out of 7
patients (86%) given the T regimen completed the treatment
regimen. Seventeen patients discontinued chemotherapy because
of adverse effects including febrile neutropenia and neuropathy.
Fourteen patients discontinued chemotherapy because of pro-
gressive disease (PD). One patient each given a preoperative A
regimen and T regimen received the other regimen after surgery;
therefore a total of 125 patients received treatment containing
both an A and a T (Table 2).

Preoperative systemic chemotherapy resulted in a clinical response
rate of 76%, including 44 patients (329) with clinical complete
response (CR) and 59 patients (44%) with partial response (PR). The
correlation between completion of chemotherapy and clinical re-
sponse is shown in Table 2. One hundred four patients completed
the scheduled chemotherapy, resulting in 34 CR, 57 PR, 12 stable
disease (SD), and 1 PD. On the other hand, 31 patients who did not
complete chemotherapy were classified as 10 CR, 2 PR, 4 SD, and 15
PD. There was a significant difference in clinical response between
patients who completed or discontinued PST (P < .0001).

All patients received successive surgical treatment. Total mastec-
tomy was performed in 83 patients (61%) and partial mastectomy
was performed in 52 patients (39%) (Table 3). Sentinel lymph node
biopsy was performed in 37 patients (27%) who were clinically node
negative before PST, of whom 26 had a negative sentinel node bi-
opsy, and axillary lymph node dissection was omitted in 2 patients.
All patients with positive sentinel nodes underwent axillary lymph
node dissection.

Pathologic factors based on the surgical specimen findings are
represented in Table 4. The median invasive pathologic size was 2
cm, and there were 71 pNO, 41 pN1, 15 pN2, and 8 pN3 patients.
There were 87 patients with histologic Grade 3, 42 with Grade 2, and
6 with Grade 1 tumors. Lymphatic invasion was observed in 45
patients and vascular invasion was observed in only 9 patients. Patho-
logic chemotherapeutic effects among 135 patients consisted of 29
Grade 3 (pCR), 28 Grade 2, 15 Grade 1b, 52 Grade 1a, and 11
Grade 0 (Table 5). The correlation between clinical response and
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Abbreviations: PST = preoperative systemic chemotherapy; TNBC = triple-negative breast
cancer.
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Abbreviation: TNBC = triple-negative breast cancer.

pathologic effect is shown in Table 5. Postoperative radiation therapy
was administered to 95 patients (70%), including 66 patients who
fulfilled the indication criteria, and 29 patients based on physician
recommendation. One patient who underwent partial mastectomy
declined radiation therapy.

Recurrence occurred in 41 patients (30%) during the follow-up
period, and breast cancer death was observed in 37 patients (27%).
Median DFS was 44.4 months and median OS was 49.2 months.
Five-year DFS and OS were calculated using the Kaplan—Meier
method for patients based on clinical response and pathologic re-
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sponse (Figures 1 and 2). There were no breast cancer deaths among
patients who achieved pCR.

Results of univariate and multivariate analyses of clinicopatho-
logic variables affecting 5-year DFS and OS are shown in Tables 6
and 7. Completion of chemotherapy, good clinical response, small
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pathologic invasive size, fewer positive nodes, no lymphatic invasion,
no vascular invasion, low histologic grade, and pCR were signifi-
cantly associated with both favorable 5-year DES and 5-year OS.
Multivariate analysis indicated that completion of chemotherapy
(P = .036 for both DFS and OS), good clinical response (2 = .0007
for DES, .0002 for OS), fewer positive nodes (P = .0004 for DFS,
.004 for OS), and lower histologic grades (P = .025 for DFS, .016
for OS) were significantly associated with both favorable 5-year DES
and 5-year OS. Vascular invasion (P = .039 for DFS, .061 for OS)
were statistically significant for 5-year DES only.

Discussion

The primary aim of our study was to clarify which factors are
prognostic indicators for TNBC patients who receive preoperative
systemic chemotherapy. Univariate analysis showed both clinical and
pathologic responses were significant factors, in addition to other
clinicopathological factors, but multivariate analysis showed that
pCR was not an independent prognostic factor. The National Sur-
gical Adjuvant Breast and Bowel Project (NSABP) B-18 and B-27
multiinstitutional randomized clinical trials of pre- and postopera-

Clinical Breast Cancer February 2013

43



Prognostic Factors for Triple-Negative Breast Cancer

1

 0.62(0.33-1.14)

- 076(021-354

|
024005433

0.42 (0.09-7.61)

1

| oneussy

0.82 (0.13-2.69)

100036417)

167

318

.891

_ompaes

1

0.70 (

-3.

1
0.32 (0.06-5.78)

..,1.

- G0 (005459) S

NA

133

449

796

selnazy

65620724
19.6 (6.71-70.7

1

©0.86(0.45-1.61)

< .0001

L
| Ass(14-22n

< .0001

546

296

034

imosady

.0009

© 214(086-552)

.0024

N

No
Yes

1

- 488(1.74-131)

1

<0001

460 (2.46-8.91)

< .0001

4.06(2.07-8.28)

< .0001

<0001

44 | Cinical Breast Cancer February 2013



.0047

1

Sota Asaga et al

.0063

. Seore 0

Score 1

933

613

pCR

1

Non-b(;ﬂu S

.001

0044

Abbreviations: A = anthracycline regimen; A+T = regimen containing both anthracycline and taxane; BMI = body mass index; CR = complete response; DFS = disease-free survival, 0S = overall
survival; pCR = pathologic complete response; PD = progressive disease; pN = pathologic nodal status; PR = partial response; PST = preoperative systemic chemotherapy; pT = pathologic invasive

size; SD = stable disease; T = taxane regimen; UICC = International Union Against Cancer; WLR = wide local resection.

Clinical Response (CR, PR, SD, PD)

pN (NO, N1, N2, N3)

Vascular Invasion (yes or no)

'P‘éthollogm Response (CR br noﬁi)ﬂ)

Abbreviations: CR = complete response; DFS = disease-free survival; 0S = overall survival;
PD = progressive disease; PR = partial response; pT = pathologic invasive size; SD = stable
disease.

tive chemotherapy showed that pCR was a favorable prognostic fac-
tor for patients who underwent preoperative chemotherapy.”®!°
Kaplan—Meier analysis for DFS and OS demonstrated that both
good clinical response with PST and pCR were correlated with a
favorable prognosis. Our data also show that both DES and OS of
patients who achieve pCR is much better than that of patients who
did not achieve pCR by Kaplan—Meier analysis. In addition, there
were no breast cancer recurrences and no deaths among patients with
pCR, although most recent metaanalysis has shown that prognosis of
triple-negative breast cancer is worse than luminal types even if pCR
is achieved.'" However, pCR is not an independent prognostic in-
dicator according to the multivariate analysis. This might be caused
by relatively small sample size of our study, and of course, it cannot
be concluded that pCR is not a surrogate marker for prognosis of
TNBC patients. This implies that there is a strong relationship be-

tween pCR and clinical response and clinical response offsets the
prognostic value of pCR. We emphasize that some other factors, such
as clinical response and histologic grades are also important for
TNBC as well as pCR.

In this study, statistical analysis was done with a2 median follow-up
period of 49.2 months, which is too short to evaluate 10-year survival
rates. Triple-negative breast cancer has biologically aggressive fea-
tures, and the DFS curve plateaus 5 years after diagnosis and the OS
curve plateaus 8 years after diagnosis."* Furthermore, in this study,
because there were only 2 patients with UICC stage I disease, our
study population included patients with more advanced disease that
might result in earlier recurrence and breast cancer death. This is the
reason why we analyzed the prognostic factors for TNBC with the
current median follow-up time. In contrast, recurrence and breast
cancer death in the current study were observed in about one-third of
the TNBC patients in the previous study.’® More recurrences or
breast cancer deaths might occur with more time in our study group;
therefore, we need to continue observing these patients and reanalyze
the prognostic factors in the future.

A recent report'® showed that women with T1-2 NO TNBC
treated with mastectomy without radiation therapy have a signifi-
cantly increased risk of locoregional recurrence compared with those
treated with partial mastectomy; however, distant metastasis-free
survival or OS were not evaluated. Our data demonstrated that the’
type of surgical procedure, mastectomy or partial mastectomy, did
not affect DES or OS, perhaps because relatively few cases of locore-
gional recurrence were observed in our study (5.9%) compared with
the previous report (10%).

We also found that completion of chemotherapy was a significant
prognostic factor among TNBC patients. Multivariate analysis dem-
onstrated that completion of chemotherapy was an independent
prognostic factor despite the relationship with clinical response. Pre-
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operative systemic chemotherapy should be finished not only in clin-
ical trials but also in routine practice unless unmanageable severe
adverse events or obvious disease progression occurs. Furthermore,
considering the poor prognosis of patients with clinical PD, another
regimen should be considered for patients to avoid a PD clinical
response.

There were 16 patients of PD (12%) and 16 of SD (12%) in our
study. The rate of clinical nonresponders in our study was higher
than that of a previous multiinstitutional randomized phase I11 trial,
NSABP B-27.'* Our group included 112 of invasive ductal (83%), 9
of invasive lobular (7%), and 14 were special histologic types such as
squamous cell carcinoma or spindle cell carcinoma (10%). Preoper-
ative systemic chemotherapy for 7 out of 14 patients (50%) of special
types resulted in PD. This might affect the higher PD rate and our
results of statistical analysis.

We demonstrated the prognostic data of TNBC patients with
PST, but there were 2 out of the 135 patients who received systemic
chemotherapy after surgery as well. One patient received A regimen
before surgery and T regimen after surgery. The other received T
before and A after surgery. These 2 patients were included the ‘A+T’
group for analysis of prognosis. This might not affect the results
because a randomized clinical trial showed that there was no differ-
ence in prognosis between preoperative AC-T and preoperative AC
plus postoperative T.'¢

Family history is a not significant factor for prognosis. It has been
reported that there is a strong correlation between the triple-negative
subtype and BRCA murations.'”> Among Japanese women, heredi-
tary breast cancer is strongly associated with the triple-negative phe-
notype*® and aggressive behavior. These reports suggest that TNBC
patients with a family history of breast cancer have a poorer prognosis
than patients with no family history. Our data suggest that the prog-
nosis of TNBC patients with a family history of breast cancer is
similar to those with sporadic TNBC. Of course, this might be be-
cause of the relatively low numbers of patients with a positive family
history in our study, but our findings are supported by a previous
report describing that the overall prognosis of breast cancer in BRCA
carriers receiving PST is similar to patients with sporadic breast can-
cers receiving PST."”

Conclusion

Our study demonstrated that multivariate analysis demonstrates
that pCR is not an independent significant prognostic marker for
TNBC patients receiving PST. Clinical response is a stronger surro-
gate marker than pCR for a favorable prognosis. The importance of
clinical response should be further investigated in multicenter clini-
cal trials, and as well, novel treatment procedures need to be estab-
lished for TNBC patients with unfavorable responses to PST.

Clinical Practice Points

® Previous clinical studies have revealed that pCR is a surrogate
marker for prognosis after PST, and pCR is usually used as the
primary end point of clinical trials involving PST instead of OS or
DFS.

e However, there is no report focused on triple-negative breast can-
cer receiving PST.

o From the current study, Kaplan—Meier analysis demonstrated that
patients achieving pCR have more favorable prognosis than the

Clinical Breast Cancer Febrary 2013

others, but multivariate analysis of characteristics after adjustment
for confounders showed that clinical response, nodal status, and
vascular invasion instead of pCR were the significant for patients’
prognoses.

© Metaanalysis demonstrates that triple-negative patients have a rel-
atively poor prognosis compared with patients with luminal types
even if pCR is achieved,'! and to our knowledge, this is the first
report that pCR is not an independent prognostic marker for tri-
ple-negative breast cancer patients.

e We believe these findings will be of great interest to oncologists,
and particularly to researchers working on breast cancer clinical
trials.
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The accurate assessment of the risk of first locoregional recur-
rence is very important for improving the survival of patients
with invasive ductal carcinoma of the breast. The present study
investigated which histological factors (both well-known histo-
logical factors and factors that we have proposed) were the most
capable of accurately predicting first locoregional recurrence
among 1042 patients with invasive ductal carcinoma and various
tumor statuses (overall, nodal status, Union Internationale Contre
le Cancer pathological TNM stage, adjuvant therapy status, and
adjuvant radiotherapy status) using multivariate analyses by the
Cox proportional hazard regression model. The present study
clearly demonstrated that the best factor for accurately predict-
ing locoregional recurrence was grade 3 lymph vessel tumor
embolus (>4 mitotic figures and >6 apoptotic figures in tumor
embolus), followed by type 2 invasive ductal carcinoma (negative
for fibrotic foci but positive for atypical tumor-stromal fibro-
blast), grade 2 lymph vessel tumor embolus (1-4 mitotic figures
and >0 apoptotic figures in tumor embolus; >0 mitotic figures
and 1-6 apoptotic figures in tumor embolus), primary invasive
tumor cell-related factors (>19 mitotic figures, presence of tumor
necrosis, presence of skin invasion) and >5 mitotic figures in met-
astatic carcinomas to the lymph node. Our proposed factors were
superior to well-known histological factors of primary invasive
tumors or clinicopathological factors for the accurate prediction
of first locoregional recurrence in patients with invasive ductal
carcinoma of the breast. (Cancer Sci 2013; 104: 1252-1261)

Locoregiocal recurrence is an important prognostic factor
for patients with invasive ductal carcinoma of the breast,V
and several studies have been performed to clarify factors that
are significantly associated with locoregional recurrence.
These studies demonstrated that lymph vessel invasion, histo-
logical grade, tumor size, hormone receptor status, and HER2
status are very important predictors of locoregional recurrence
in patients with invasive ductal carcinoma. We have already
reported histological factors that are significantly associated
with distant-organ metastasis or the tumor-related death of
patients with invasive ductal carcinoma of the breast.” Since
the publication of our previous study,® we have performed
additional studies that identified the following new histological
factors as predictors of the outcome of patients with invasive
ductal carcinoma of the breast™: (i) type of invasive ductal
carcinoma;® (i) grading system for lymph vessel tumor
emboli;*” (iii) number of apoptotic figures in blood vessel
tumor emboli;® (iv) number of mitotic figures in metastatic
carcinomas to the lymph node;” and (v) maximum dimension
of metastatic carcinomas to the lymph node.® Although our

Cancer Sci | September 2013 | vol. 104 | no.9 | 1252-1261

studies clearly demonstrated that the factors we previously
reported were very useful for accurately predicting tumor
recurrence, distant-organ metastasis or tumor-related death,
we have not yet investigated whether these factors are signifi-
cantly associated with the locoregional recurrence of invasive
ductal carcinoma of the breast. We are confident that clarifica-
tion of the recurrent or metastatic patterns of invasive ductal
carcinomas based on their histological features will provide
clinicians, pathologists, and scientists with very important
clues for accurately evaluating the true biological characteris-
tics of invasive ductal carcinomas. Such a result would likely
contribute to the establishment of targeted therapies for
patients with invasive ductal carcinoma of the breast.

The purpose of the present study was to investigate which
histological factors were most capable of accurately predicting
first locoregional recurrence in patients with invasive ductal
carcinoma of the breast.

Materials and Methods

Patients and histological examinations. The subjects of this
study were 1042 consecutive patients with invasive ductal
carcinoma of the breast who did not receive neoadjuvant ther-
apy and were surgically treated at the National Cancer Center
Hospital between January 2000 and December 2005 (the same
case series as that used in our previous study).”” The invasive
ductal carcinomas were diagnosed preoperatively using needle
biopsy, aspiration cytology, mammography, or ultrasonogra-
phy. All the patients were Japanese women, ranging in age
from 23 to 72 years old (median, 55 years). All the tumors
were classified according to the pathological UICC-TNM
(pTNM) classification.'” The protocol (20-112) for this study
was reviewed by the institutional review board of the National
Cancer Center.

The clinicopathological factors, well-known histological
factors and the eight factors that we previously proposed were
evaluated and we arranged the above mentioned factors into
five groups (Table 1). The eight factors that we previously pro-
posed are as follows (Tables 1 and 2): (i) fibrotic focus;'*"'?
(ii) type of invasive ductal carcinoma (Fig. la—c);® (i) grad-
ing system for lymph vessel tumor emboli (Fig. 1d-0H;" (iv)
number of apoptotic figures in blood vessel tumor emboli;®
(v) grade of stromal fibrosis in metastatic carcinomas to the
lymph node;® (vi) maximum dimension of metastatic carcino-
mas to the lymph node;® (vii) number of extranodal blood
vessel tumor emboli;® and (viii) number of mitotic figures in

7To whom correspondence should be addressed.
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Table 1. Groups and factors

Clinicopathological group

1 | Adjuvant therapy

Endocrine therapy l Chemoendocrine therapy Chemotherapy

2 | Adjuvant radiotherapy

Not received l Received

3 | Age (year)

<39 I >39

4 | Allred scores for estrogen receptors in tumor cells

| 3to6 I 7or8

5 | Allred scores for progesterone receptors in tumor cells

| 3tob ' 7o0r8

6 | HER2 category

I | :

Primary invasive tumor cell-related group

1 | Histologic grade

! Grade 2 } Grade 3

2 | Invasive tumor size (mm)

l 20 t0 <50 ] 50

3 | Nuclear feature of primary invasive tumors

| Moderate l Marked

4 | Number of mitotic figures in the primary invasive tumors

l >9to <19 ] >19

5 | Skin invasion

Absent ‘ Present

6 | Tumor necrosis

Absent { Present

Primary tumor-stromal fibroblast-related group

1 Fibrotic focus, dimension (mm)

I <8 l >8

2 Types of invasive ductal carcinoma

I Type 2 l Type 3 l Type 4

Tumor embolus-related group

Grading system for lymph vessel tumor embolus

l Grade 1 l Grade 2 [ Grade 3

Number of apoptotic figures in blood vessel tumor emboli

} <2 l >2

Hasebe et al.
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Table 1. (continued)

Metastatic carcinomas to the lymph node-related group

1 UICC pN category

pNO l pN1mi ‘

pN1 [ pN2 l pN3

2 Grade of stromal fibrosis in metastatic carcinomas to the lymph node

No nodal metastasis l None, mild and moderate l Severe
3 Maximum dimension of metastatic carcinomas to the lymph node (mm)

No nodal metastasis l <20 l >20
4 Number of extranodal blood vessel tumor emboli

No nodal metastasis I <2 I >2
5 Number of mitotic figures in metastatic carcinomas to the lymph node

No nodal metastasis I <5 l >5

pNO, no nodal metastasis, but including lymph node with isolated tumor cell clusters (single tumor cells or small clusters of cells not more than

0.2 mm in greatest dimension); pN1mi, cases with micrometastasis (larger than 0.2 mm, but none larger than 2.0 mm in greatest dimension); pN1,
1-3 nodal metastases; pN2, 4-9 nodal metastases; pN3, 10 or more nodal metastases; no nodal metastasis, pNO cases excluding the seven cases with
lymph nodes containing isolated tumor cell clusters; Grade 0 of grading system for lymph vessel tumor embolus, no lymph vessel invasion.

metastatic carcinomas to the lymph node.® In the present
study, seven of the 598 pNO cases had isolated tumor cell clus-
ters JTC)1® (Table 3). We excluded these seven cases from
the pNO cases and these cases showed no stromal fibrosis in
metastatic carcinomas to the lymph node, showed a <20 mm
maximum dimension in metastatic carcinomas to the lymph
node, showed <2 extranodal blood vessel tumor emboli, or
showed <5 mitotic figures in metastatic carcinomas to the
lymph node (Table 3). Thus, we classified these seven cases as
cases with no grade of stromal fibrosis, those with a <20 mm
maximum dimension, those with <2 extranodal blood vessel
tumor -emboli, or those with <5 mitotic figures in metastatic
carcinomas to the lymph node (Table 3).

The following antibodies were used for immunohistochemis-
try: anti-estrogen receptor mouse monoclonal antibody ER88
(BioGenex, Fremont, CA, USA), anti-progesterone receptor
mouse monoclonal antibody PR88 (BioGenex), and anti-HER2
mouse monoclonal antibody CB11 (BioGenex). Allred scores
for estrogen receptor or progesterone receptor were assessed
according to our previously study."'® We defined an Allred
score of 0 or 2 for ER or PR as being negative for ER or PR
and Allred scores of 3 or more for ER or PR as being positive
for ER or PR. HER2 expression in tumor cells was categorized
according to the definition of Wolf.""® All types 2 and 4 inva-
sive ductal carcinomas were immunohistochemically studied
using monoclonal antibodies to keratins (AE1/3) to confirm
that the atypical tumor-stromal fibroblasts were not modified
invasive tumor cells, and fibroblasts that were negative for ker-
atins were considered as atypical tumor-stromal fibroblasts
(Fig. 1b). We also performed immunohistochemical staining
for alpha-smooth muscle actin for types 2 and 4 invasive duc-
tal carcinomas to investigate whether atypical tumor-stromal fi-
broblasts are myofibroblasts (Fig. 1c). Some invasive ductal
carcinomas contained large lymph vessel tumor emboli, espe-
cially in invasive ductal carcinomas containing a grade 2 or
grade 3 lymph vessel tumor emboli, and it was difficult to
determine whether they were true lymph vessel tumor emboli
or a non-invasive ductal carcinoma component by hematoxylin
and eosin staining alone. We therefore performed immunohis-
tochemical staining with D2-40 antibody (monoclonal mouse
antibody, Signet, Dedham, MA, USA, 1:200) to confirm that

1254

the lymph vessel tumor emboli identified by hematoxylin and
eosin staining were true tumor emboli in some invasive ductal
carcinomas with grade 2 or grade 3 lymph vessel tumor em-
boli (Fig. le). Histologic grade, nuclear feature of primary
invasive tumors, and mitotic activity index in primary invasive
tumors were evaluated according to the criteria of Elston and
Ellis."™> Tumor necrosis in primary invasive tumors was eval-
uated according to the definition of Gilchrist.®*®

Patient outcome and statistical analysis. Survival was evalu-
ated using a median follow-up period of 98 months (range:
63—134 months) until March 2011. Of the 1042 invasive ductal
carcinoma patients, first locoregional recurrence was observed
in 47 out of 1042 patients with invasive ductal carcinoma. The
first locoregional recurrence-free survival period was calculated
using the time of surgery as the starting point. The factors that
were significantly associated with first locoregional recurrence
in the univariate analyses were then entered together into mul-
tivariate analyses using the Cox proportional hazard regression
model. In addition, we conducted to compare the power of
grading system for lymph vessel tumor emboli with that of the
following three lymphatic parameters for accurately predicting
the first locoregional recurrence in multivariate analysis using
the Cox proportional hazard regression model: (i) the presence
or absence of lymph vessel invasion; (ii) real numbers of
lymph vessel invasion;*” and (iii) location of lymph vessel
tumor emboli¢ (inside area of the tumor, advanced area
within the tumor and outside area of the tumor). In this study,
we were unable to perform multivariate analyses for first loco-
regional recurrence because of a small sample size (fewer than
10 patients) in patients who did not receive adjuvant therapy.

- The case-wise and step-down method was applied until all the

remaining factors were significant at a P-value of <0.05. First
locoregional recurrence-free survival curves were drawn by the
Kaplan—-Meier method. All the analyses were performed using
Statistica/Windows software (StatSoft, Tulsa, OK, USA).

Results

Patients. All of the patients had a solitary lesion; 498 patients
were premenopausal, and 544 were postmenopausal. A partial
mastectomy had been performed in 458 patients, and a

doi: 10.1111/cas.12217
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Table 2. Histological features, criteria or assessing methods of the five factors that we have proposed

1 Histological features of atypical tumor-stromal fibroblasts and the type of invasive ductal carcinoma
(1) The presence of atypical tumor-stromal fibroblasts was defined based on the presence of one or more
atypical tumor-stromal fibroblasts in the tumor stroma inside and outside of the fibrotic foci in invasive
ductal carcinoma. Although atypical tumor-stromal fibroblasts are occasionally distributed at random
locations in the tumor stroma, they tend to exist within the cellular area of the tumor-stromal
fibroblasts

(2) The number of nuclei in an atypical tumor-stromal fibroblast is one or more. The nuclear size of an
atypical tumor-stromal fibroblast is two or more times larger than that of an ordinary tumor-stromal
fibroblast. The nuclear features of an atypical tumor-stromal fibroblast include an irregular or
convoluted shape, and also include various bizarre shapes

3) An obvious small to large size nucleolus or nucleoli are seen in the nucleus or nucleoli of atypical tumor-
stromal fibroblasts and some atypical tumor-stromal fibroblasts show a coarsely granulated nuclear
chromatin pattern

Type Fibrotic focus Atypical tumor-stromal fibroblast Atypical tumor-stromal fibroblast

not forming a fibrotic focus forming a fibrotic focus

1 Absent Absent Not applicable

2 Absent Present Not applicable

3 Present Not assessed Absent

4 Present Not assessed Present

2 Grading system for lymph vessel tumor embolus
Grade 0 Invasive ductal carcinomas with no lymph vessel tumor embolus
Grades 1-3 Invasive ductal carcinomas with lymph vessel tumor embolus or emboli
No. of mitotic figures No. of apoptotic figures
Grade 1 o] 0
0 Any
Any 0
Grade 2 1-4 >0
>0 1-6

Grade 3 >4 >6

(1 The numbers of tumor cell mitotic figures and apoptotic figures in lymph vessels are counted in 20 high-
power fields. In carcinomas containing a small number of lymph vessel tumor emboli, the mitotic figures
and apoptotic figures are counted in fewer than 20 high-power fields

(2) A large lymph vessel tumor emboli located far from the stroma-invasive tumor margin is selected and
the mitotic figures and apoptotic figures in the lymph vessel tumor emboli or embolus are counted

(3) The numbers of mitotic figures and apoptotic figures in tumor cells composing the lymph vessel tumor
embolus or emboli in the high-power field containing the largest number of mitotic figures, and/or the
largest number of apoptotic figures are recorded as the number of mitotic figures and apoptotic figure
in the lymph vessel tumor emboli or embolus. The cumulative numbers of tumor cell mitotic figures and
apoptotic figures in the lymph vessel tumor emboli in all 20 high-power fields are not used

3 Grade of stromal fibrosis in metastatic carcinomas to the lymph node

None Metastatic carcinoma with no tumor-stromal fibrosis

Mild Metastatic carcinoma occupied by <30% tumor-stromal fibrosis

Moderate Metastatic carcinoma occupied by >30 to <80% tumor-stromal fibrosis

Severe Metastatic carcinoma occupied by >80% tumor-stromal fibrosis

4 Extranodal blood vessel tumor embolus or emboli

Tumor embolus or emboli in blood vessel or vessels with a smooth muscle-supported endothelial lining in perinodal adipose
tissues was/were assessed as extranodal blood vessel tumor embolus or emboli

5 Mitotic figures in metastatic carcinomas to the lymph node

Q)] A random search for mitotic figures in metastatic mammary carcinoma to the lymph nodes is performed
using high-power magnification fields (x 10 or x20) of the tumor area
Next, one high-power magnification field (x40) of the tumor area containing the highest number of
mitotic figures is selected to determine the largest number of metastatic mammary carcinoma to the
lymph nodes exhibiting mitotic figures

o3}

axillary lymph node dissection had been performed in all the
patients, and a Level III axillary lymph node dissection had
been performed in some of the patients. Of the 1042 patients,
873 received adjuvant therapy, consisting of chemotherapy in

modified radical mastectomy had been performed in 584. The
surgical margins of all the partial mastectomy materials were
histologically examined to confirm whether tumor cells were
absent or present at the surgical margins of the materials; we

confirmed that all the materials had been completely resected
because the outermost edges of the tumors were 5 mm or fur-
ther from the surgical margin of the materials. A Level I and I

Hasebe et al.

217 patients, endocrine therapy in 281 patients, and chemoen-
docrine therapy in 375 patients. The chemotherapy regimens
used were anthracycline-based with or without taxane and
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non-anthracycline-based. The endocrine therapy regimens con-
sisted of tamoxifen with or without a gonadotropin-releasing-
hormone agonist, tamoxifen, with or without an aromatase
inhibitor, an aromatase inhibitor alone, or a gonadotropin-
releasing-hormone agonist alone. Of the 1042 patients, 466
patients received adjuvant radiotherapy.

Univariate analyses for first locoregional recurrence. Overall,
age (P = 0.026), the Allred score for estrogen receptors in the
tumor cells (P = 0.017), the histologic grade (P = 0.009), the
invasive tumor size (P < 0.001), nuclear features of the pri-
mary-invasive tumor cells (P < 0.001), the number of mitotic
figures in the primary-invasive tumor cells (P = 0.002), tumor
necrosis (P = 0.019), the type of invasive ductal carcinoma,
the grading system for lymph vessel tumor emboli, the UICC
pN category, the grade of stromal fibrosis in metastatic carci-
nomas to the lymph node, the maximum dimension of meta-
static carcinomas to the lymph node, the number of extranodal
blood vessel tumor emboli, and the number of mitotic figures
in metastatic carcinomas to the lymph node were significantly
associated with first locoregional recurrence in the univariate
analyses (Table 3). The fibrotic focus dimension (Table 3), the
number of apoptotic figures in blood vessel tumor emboli
(Table 3), adjuvant therapy, adjuvant radiotherapy, the Allred
score for progesterone receptors in the tumor cells, the HER2
category, and the skin invasion were not significantly associ-
ated with first locoregional recurrence in the univariate analy-
ses (data not shown). Atypical tumor-stromal fibroblast was
observed in 69 (7%) cases (type 2 and 4 invasive ductal carci-
noma cases) among 1042 cases (Table 3). The presence of
atypical tumor-stromal fibroblasts stained positive for alpha-

1256

Fig. 1. (a-¢) Type 2 invasive ductal carcinoma. One
atypical tumor-stromal fibroblast with a large
spindle nucleus is visible in the tumor stroma
(arrow). The fibroblast was stained negative for
AE1/3 (arrow, b) and positive for smooth muscle
actin (arrow, ¢). The invasive tumor cells were
stained positive for AE1/3 (b). (d—f) Grade 3 lymph
vessel tumor emboli. Three large lymph vessel
tumor emboli are present, and the wall of one of
the tumor lymph vessels containing the embolus
was positive for D2-40 (arrowheads, e). Five mitotic
tumor cells (arrows) and eight apoptotic tumor cells
(arrowheads) are visible within the tumor embolus

).

smooth muscle actin was observed in 60 (87%) out of 69 types
2 and 4 invasive ductal carcinomas (type 2: 35/40 cases, 88%;
type 4: 25/29 cases, 86%).

Multivariate analysis for clarifying the best lymphatic factor for
accurately predicting first locoregional recurrence. Number of
lymph vessel invasion ranged from O to 494 (median number
and standard error: 0 and 1.1) in the present study. Only the
grading system for lymph vessel tumor emboli significantly
increased the hazard ratio for first locoregional recurrence in
the multivariate analysis (P = 0.002). The presence of lymph
vessel invasion (P = 0.158), real number of lymph vessel
tumor emboli (P = 0.144), or location of lymph vessel tumor
emboli (inside area of the tumor: P = 0.227; advanced area
within the tumor: P = 0.512; outside area of the tumor:
P = 0.425) failed to significantly increase the hazard ratio for
first locoregional recurrence in the multivariate analysis.

Multivariate analyses for first locoregional recurrence. Overall
(n = 1042), lymph vessel tumor. embolus grade 2 (P < 0.001,
Fig. 2a) and 3 (P < 0.001, Fig. 2a), and type 2 invasive ductal

- carcinoma (P < 0.001, Fig. 2b) significantly increased the

hazard ratios for first locoregional recurrence in the multivari-
ate analyses (Table 8). Lymph vessel tumor embolus grade 3
was significantly associated with first locoregional recurrence
in a manner that was independent of almost all the tumor sta-
tuses, except for adjuvant radiotherapy status (received adju-
vant radiotherapy) (Tables 4-8). Type 2 invasive ductal
carcinoma was significantly associated with first locoregional
recurrence among the overall patients who had received adju-
vant therapy (P < 0.001), the UICC pNO patients (Tables 4
and 8), the UICC pN1-3 patients (Tables 4 and 8), the UICC
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Table 3. Frequencies of first locoregional recurrence of the eight
histological factors that we have proposed and UICC pN category

No. patients (%)

Cases (%) First locoregional recurrence

1042
Present Absent Povalue
47 995

Primary tumor-stromal fibrobiast-related group

Fibrotic focus, dimension (mm)
Absent 667 30 (5) 637 (95) 0.624
<8 221 94 212 (96)
>8 154 8 (5) 146 95)
Types of invasive ductal carcinoma
Type 1 627 23 (4) 604 (96) <0.001
Type 2 40 7 (18) 33(82)
Type 3 346 15 (4) 331 (96)
Type 4 29 2(7) 27 (93)
Tumor embolus-related group
Grading system for lymph vessel tumor embolus
Grade 0 666 20 (3) 646 (97) <0.001
Grade 1 250 6 (2) 244 (98)
Grade 2 97 12 (12) 85 (88)
Grade 3 29 9 (31) 20 (69)
Number of apoptotic figures in blood vessel tumor emboli
Absent 890 36 (4) 854 (96) 0.071
<2 78 6 (8) 72 (92)
>2 74 5(7) 5(93)
Metastatic carcinomas to the lymph node-related group
UICC pN category
pNO 598 17 (3) 581 (97) <0.001
pN1mi 20 0 20 (100)
pN1 291 16 (6) 275 (94)
pN2 85 6(7) 79 (93)
pN3 48 8(17) 40 (83)

Grade of stromal fibrosis in metastatic carcinomas to the lymph node
No nodal metastasis 591 17 (3) 574 (97) <0.001
None, mild and 415 25 (6) 390 (94)

moderate .
Severe 36 5(14) 31 (86)

Maximum dimension of metastatic carcinomas to the lymph node

(mm)

No nodal metastasis 591 17 (3) 574 (97) <0.001
<20 396 26 (7) 370 (93)
>20 55 4(7) 51(93)

Number of extranodal blood vessel tumor emboli
No nodal metastasis 591 17 (3) 574 (97) <0.001
<2 423 25 (6) 398 (94)
>2 28 5(18) 23 (82)

Number of mitotic figures in metastatic carcinomas to the lymph node

No nodal metastasis 591 17 (3) 574 (97) <0.001
<5 286 12 (4) 274 (96)
>5 : 165 18 (11) 147 (89)

NA, not available; pNO, no nodal metastasis, but including lymph
node with isolated tumor cell clusters (single tumor cells or small clus-
ters of cells not more than 0.2 mm in greatest dimension); pN1mi,
cases with micrometastasis (larger than 0.2 mm, but none larger than
2.0 mm in greatest dimension); pN1, 1-3 nodal metastases; pN2, 4-9
nodal metastases; pN3, 10 or more nodal metastases; no nodal metas-
tasis, pNO cases excluding the seven cases with lymph nodes contain-
ing isolated tumor cell clusters; Grade 0 of grading system for lymph
vessel tumor embolus, no lymph vessel invasion.

PTNM stages I and II patients (Tables 5 and 8), the patients
who had received endocrine therapy (Tables 6 and 8), the
patients who had received chemotherapy (Tables 6 and 8),
the patients who had not received adjuvant radiotherapy

Hasebe et al.

Table 4. Multivariate analyses for first locoregional recurrence in
invasive ductal carcinoma patients who received adjuvant therapy
according to UICC pN category

First locoregional recurrence

pNO (n = 453) pN1-3 (n = 420)
Hazard ratio Pvalue Hazard ratio Pvalue
(95% Cl) (95% CI)
Grading system for lymph vessel tumor embolus
Grade 0 1.0 1.0
Grade 1 1.0 1.5 (0.5-4.5) 0.503
Grade 2 11.9 (3.0-46.6) <0.001 2.2 (0.7-6.7) 0.163
Grade 3 11.9 (3.0-46.6) <0.001 11.7 (3.4-39.9) <0.001
Types of invasive ductal carcinoma
Type 1 1.0 1.0
Type 2 6.1 (1.2-29.9) 0.025 6.3 (2.0-20.0) 0.002
Type 3 2.0 (0.5-8.6) 0.362 0.9 (0.4-2.2) 0.810
Type 4 9.8 (0.9-105.8) 0.059 NA
Number of mitotic figures in the primary invasive tumors
<9 1.0 1.0
>9 to <19 3.4 (0.3-40.1) 0.323 -
>19 4.7 (1.2-18.4) 0.023 -

-, not significant; NA, not available; no nodal metastasis, pNO cases
excluding the seven cases with lymph nodes containing isolated tumor
cell clusters.

Table 5. Multivariate analyses for first locoregional recurrence in
invasive ductal carcinoma patients who received adjuvant therapy
according to UICC pTNM stage

First locoregional recurrence

Stages | and il (n = 692) Stage I (n = 181)

Hazard ratio Hazard ratio

(©5% Cl) P-value (95% Cl) P-value

Grading system for lymph vessel tumor embolus

Grade 0 1.0 1.0

Grade 1 1.8 (0.6-5.4) 0.319 0.3 (0.03-2.10) 0.210

Grade 2 7.9 (2.9-20.9) <0.001 0.7 (0.1-3.2) 0.596

Grade 3 15.8 (3.2-77.3) <0.001 8.1 (2.4-28.1) <0.001
Types of invasive ductal carcinoma

Type 1 1.0 1.0

Type 2 6.4 (2.3-18.2) <0.001 -

Type 3 1.2 (0.5-3.3) 0.685 -

Type 4 NA -
Tumor necrosis

Absent 1.0 1.0

Present 2.4 (1.0-5.8) 0.045 -

-, not significant; NA, not available.

(Tables 7 and 8) and the patients who had received adjuvant
radiotherapy (Tables 7 and 8). Lymph vessel tumor embolus
grade 2 was significantly associated with first locoregional
recurrence among the overall patients who had received adju-
vant therapy (P < 0.001), the UICC pNO patients (Tables 4
and 8), the UICC pTNM stages I and II patients (Tables 5 and
8) and the patients who had received chemoendocrine therapy
(Tables 6 and 8). Twenty or more mitotic figures in primary
invasive tumors, the presence of tumor necrosis, and the pres-
ence of skin invasion were significantly associated with first
locoregional recurrence among the UICC pNQ patients
(Tables 4 and 8), among the UICC pTNM stages I and II
patients (Tables 5 and 8) and among the patients who had
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Table 6. Multivariate analyses for first locoregional recurrence in invasive ductal carcinoma patients who received adjuvant therapy according

to adjuvant therapy status

First locoregional recurrence

Endocrine (n = 281)

Chemoendocrine (n = 375) Chemotherapy (n = 217)

Grading system for lymph vessel tumor embolus

Grade 0 1.0

Grade 1 0.6 (0.1-3.4) 0.602
Grade 2 1.6 (0.2-12.0) 0.667
Grade 3 25.8 (1.2-560.0) 0.038

Types of invasive ductal carcinoma

Type 1 1.0

Type 2 37.2 (3.6-369.7) 0.002
Type 3 7.4 (0.9-59.0) 0.058
Type 4 NA

Number of mitotic figures in metastatic carcinomas to the lymph node
No nodal metastasis 1.0

<5 3.1(0.7-12.9) 0.120

>5 20.1 (1.3-312.3) 0.032
Skin invasion

Absent 1.0

Present -

1.0 1.0
1.7 (0.3-9.1) 0.545 0.8 (0.09-6.40) 0.795
6.8 (1.3-36.8) 0.026 0.8 (0.09-7.30) 0.866
9.8 (1.4-70.8) 0.024 27.5(6.3-119.1) <0.001
1.0 1.0
- 18.6 (3.6-90.7) <0.001
- 1.5 (0.4-6.1) 0.579
- 5.4 (0.6-52.6) 0.145
1.0 1.0
1.0 1.0
- 5.4 (1.4-21.6) 0.014

-, not significant; NA, not available.

Table 7. Multivariate analyses for first locoregional recurrence in invasive ductal carcinoma patients who received adjuvant therapy according

to adjuvant radiotherapy status

First locoregional recurrence

No adjuvant radiotherapy (n = 576)

Adjuvant radiotherapy (n = 466)

Hazard ratio (95% Cl) P-value Hazard ratio (95% () P-value
Types of invasive ductal carcinoma
Type 1 1.0 1.0
Type 2 3.2 (1.1-9.5) 0.041 6.0 (1.2-29.3) 0.026
Type 3 1.3 (0.5-3.4) 0.563 0.9 (0.2-3.3) 0.843
Type 4 3.1 (0.3-29.8) 0.334 NA
Grading system for lymph vessel tumor embolus
Grade 0 1.0 1.0
Grade 1 1.7 (0.5-5.1) 0.366 -
Grade 2 3.5 (0.9-16.7) 0.051 -
Grade 3 129.8 (29.1-578.0) <0.001 -
Number of mitotic figures in metastatic carcinomas to the lymph node
No nodal metastasis 1.0 1.0
<5 - 1.6 (0.3-8.4) 0.603
>5 - 5.6 (1.8-17.4) 0.003

-, not significant; NA, not available.

received chemotherapy (Tables 6 and 8), respectively. Six or
more mitotic figures in metastatic carcinomas to the lymph
node were significantly associated with the first locoregional
recurrence among the patients who had received endocrine
therapy (Tables 6 and 8), and the patients who had received
adjuvant radiotherapy (Tables 7 and 8).

Discussion

The results of the present study clearly exhibited an excellent
power for the tumor embolus-related group for the accurate
prediction of first locoregional recurrence in patients with inva-
sive ductal carcinoma since this group was significantly associ-
ated with the first locoregional recurrence independent of the
tumor-status categories except among patients who had
received adjuvant radiotherapy (Table 8). Especially, the results
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of the present study clearly exhibited an excellent power for
lymph vessel tumor embolus grade 3 for the accurate predic-
tion of first locoregional recurrence in patients with invasive
ductal carcinoma independent of the tumor statuses (Table 8).
In contrast, a grade 1 lymph vessel tumor embolus was not a

- significant predictor for first locoregional recurrence and had a

similar predictive power to grade O lymph vessel tumor
embolus (Fig. 2a); more than half of the 376 patients with
lymph vessel invasion were classified as having lymph vessel
tumor embolus grade 1 (Table 3). These results suggest that
the lymph vessel tumor embolus grade was capable of select-
ing not only patients with the worst prognosis, but also
patients with a good prognosis among patients with lymph ves-
sel invasion. Although many studies have already reported that
the presence or absence of lymph vessel invasion or the num-
ber of invaded lymph vessels is an important factor for accu-
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Table 8. Groups and factors significantly associated with first locoregional recurrence in patients with invasive ductal carcinoma

First locoregional recurrence

A B: Patients who received adjuvant therapy (n = 873)
UICC pN Adjuvant
Total All Al UICC pTNM stage Adjuvant therapy status radiotherapy
category
status
11 pNO pN1-3 land il H} Endocrine therapy  Chemoendocrine therapy  Chemotherapy None  Yes
Tumor embolus-related group
10 G3 G3 G3 G3 G3 G3 G3 G3 G3 G3 °
G2 G2 G2 G2 G2
Primary tumor-stromal fibroblast-related group
9 T2 T2 T2 T2 T2 ° T2 ° T2 T2 T2
Primary invasive tumor cell-related group
3 ° ° MF19 ° Tumor necrosis e e ° Skin invasion ° ®
Metastatic carcinomas to the lymph node-related group
2 e ® ° ° ° ° MF5 ° ° e MF5
Clinicopathological group
0 ® e e e ® e ° o o ° °

e, not significant; A, overall patients; G3, grade 3; G2, grade 2; T2, type 2 invasive ductal carcinoma; MF19, number of mitotic figure, >19; MF5,
number of mitotic figures, >5.
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Fig. 2. First locoregional recurrence-free survival curves for overall patients with invasive ductal carcinoma (a and b). (a) Patients with grade 3
lymph vessel tumor emboli had the shortest locoregional recurrence-free survival curve. Patients with grade 2 lymph vessel tumor emboli also
had a significantly shorter locoregional recurrence-free survival curve than patients with grade 1 lymph vessel tumor emboli or patients with
grade 0 lymph vessel tumor emboli. (b) Patients with type 2 invasive ductal carcinoma had a significantly shorter first locoregional recurrence-
free survival curve than patients with type 1 invasive ductal carcinoma, patients with type 3 invasive ductal carcinoma and patients with type 4
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invasive ductal carcinoma.

rately predictin()% the locoregional recurrence of invasive ductal
carcinoma,"*?” we confirmed that the grading system for
lymph vessel tumor emboli is superior to the presence or
absence of lymph vessel invasion, the number of invaded
lymph vessels or the location of lymph vessels invaded for
accurately predicting first locoregional recurrence in this study.
Thus, we can conclude that the lymph vessel tumor embolus
grade is the only lymph vessel assessment parameter that can
accurately divide patients with lymph vessel invasion into a
good prognosis group and a poor prognosis group. However,
the locoregional predictive power of the lymph vessel tumor
embolus grade was inferior to type 2 invasive ductal carci-
noma or >5 mitotic figures in metastatic carcinomas to the
lymph node in patients who had received adjuvant radiother-
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apy; this finding strongly suggests that adjuvant radiotherapy
prevents locoregional recurrence in patients with lymph vessel
tumor embolus grades 3 or 2.°V Since the lymph vessel tumor
embolus grade is assessed based on the numbers of mitotic ﬁg—
ures and apoptotic figures in tumor cells in the lymph vessel,"”
adjuvant radiotherapy probably inhibits the acceleration of the
cell cycle in tumor cells in the lymph vessel. Thus, adjuvant
radiotherapy may contribute to improving the outcome of
patients with lymph vessel tumor embolus grade 3 or those with
lymph vessel tumor embolus grade 2. From these, we can con-
clude that the lymph vessel tumor embolus grade in the tumor
embolus-related group was the best grade for accurately predict-
ing first locoregional recurrence among patients with invasive
ductal carcinoma of a low-risk, intermediate-risk or high-risk
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class. In addition, the results of the study also exhibited no
predictive power for number of apoptotic figures in blood ves-
sel tumor emboli for the accurate prediction of first locoregion-
al recurrence in patients with invasive ductal carcinoma.

The next most-important group was the primary tumor-stro-
mal fibroblast-related group, because this group accurately
predicted first locoregional recurrence in nine of the 13 tumor
statuses (Table 8). Especially, the results of the present study
clearly exhibited a useful power for type 2 invasive ductal
carcinoma for the accurate prediction of first locoregional
recurrence in patients with invasive ductal carcinoma indepen-
dent of the tumor statuses (Table 8). Type 2 invasive ductal
carcinoma and type 4 invasive ductal carcinoma have atypical
tumor-stromal fibroblasts, and the former does not have a
fibrotic focus within them but the latter has a fibrotic focus
with atypical tumor-stromal fibroblasts.”’ Thus, the presence
of atypical tumor-stromal fibroblasts alone probably plays an
important role in the establishment of first locoregional recur-
rence under the condition of the absence of fibrotic foci in
invasive ductal carcinomas. We have previously reported that
atypical tumor-stromal fibroblasts exhibit a significantly
higher frequency of p53 protein expression than ordinary
tumor-stromal fibroblasts;®#? this finding clearly indicates
that the presence of atypical nuclear features is closely associ-
ated with p53 expression in tumor-stromal fibroblasts. p53
mutations in tumor-stromal fibroblasts are relatively common
among primary breast cancers and have been reported to exert
a positive effect on cancer growth.?>?% p53 gene abnormali-
ties or specific reactive changes in p53 immunoreactivity in
tumor-stromal fibroblasts produced by tumor cell-stromal cell
interactions inside and outside of the fibrotic foci probably
lead to the expression of pS53 in tumor-stromal fibroblasts.
Consequently, some tumor-stromal fibroblasts expressing p53
inside and outside of fibrotic foci probably transform into
atypical tumor-stromal fibroblasts. Furthermore, since many
atypical tumor-stromal fibroblasts were also stained for smooth
muscle actin,® one can conclude that many of the atypical
tumor-stromal fibroblasts have the biological characteristics of
myoﬁbroblasts.aj’ze) Thus, these atypical tumor-stromal fibro-
blasts likely play important roles in the first locoregional recur-
rence of invasive ductal carcinomas of the breast.

In conclusion, the present study clearly demonstrated that
the following factors that we have proposed play very impor-
tant roles in the establishment of first locoregional recurrence:
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(i) lymph vessel tumor embolus grade; and (ii) atypical tumor-
stromal fibroblast outside a fibrotic focus, and also clearly
demonstrated that the primary invasive tumor cell-related
group, the metastatic carcinomas to the lymph node-related
group, and the clinicopathological group were strikingly infe-
rior to the above two factors for the prediction of first loco-
regional recurrence (Table 8). Thus, we can conclude that the
above two factors are very useful surrogate markers for accu-
rately predicting first locoregional recurrence of patients with
invasive ductal carcinoma of the breast. Clinicians usually
plan the follow-up care of patients after the initial operation
has been completed, deciding whether patients should be trea-
ted with adjuvant therapy and which type of adjuvant therapy
should be performed based on pathological reports of the
clinicopathological findings for the invasive ductal carcino-
mas. Thus, pathology reports of invasive ductal carcinomas
that are based on the assessment of our proposed factors
would probably provide clinicians with more important clues
for the selection of patients with a high likelihood of locoregion-
al recurrence among patients with invasive ductal carcinoma,
compared with ordinary pathology reports of invasive ductal
carcinomas, throughout the follow-up period after the initial
operation. Since it has recently been reported that the gene
expression profile and protein expression profile of the tumor
stroma ?lag a very important role in tumor progression in car-
cinoma,®”*® key proteins that are expressed in tumor cells
with highly-accelerating cell cycle in the lymph vessels, but
also by atypical tumor-stromal fibroblasts should be carefully
investigated to develop targeted therapies that eradicate tumor
cells with highly-accelerating cell cycle or atypical tumor-
stromal fibroblast expressing key proteins, resulting in the
improved outcome of patients with invasive ductal carcinoma
of the breast.
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