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Table 2 Univariate analysis comparing the patient groups with four or more tumor-positive axillary lymph nodes to those with less than four in

the original patient series

Less than four

positive nodes (n = 545)

Four or more
positive nodes (n = 130)

All patients P
(n = 675)

Prevalence of four or more positive nodes in each center

Mean (range)
Standard deviation
Patient age (years)
Mean (range)
Standard deviation
Histological size of the primary tumor (mm)
Mean (range)
Standard deviation
Multifocality of the primary tumor
No
Yes
Lymphovascular invasion in the primary tumor
No
Yes
Estrogen receptor status
Negative
Positive
Progesterone receptor status
Negative
Positive
HER-2 status
Negative
Positive
Nuclear grade of the primary tumor
Grade 1
Grade 11
Grade III
Histological grade of the primary tumor
Grade I
Grade 1T
Grade 1T
Histology of the primary tumor
Ductal carcinoma
Lobular carcinoma
Mixed
Other
Detection method of the sentinel node metastasis
Frozen section analysis
Paraffin standard staining
Paraffin immunohistochemistry
Serial sectioning
Extra-capsular extension
No
Yes
Number of negative sentinel nodes harvested
Mean (range)

18.8 % (11.4-25.0)
6.2

57.2 26-87)
11.6

20.5 (2-160)
11.7

438
107

375
170

88
457

133
412

479

51
257
237

94
253
198

436
51
24
34

256
231
30
28

381
164

0.7 (0-8)

21.2 % (11.4-25.0)
5.6

58.0 (27-80)
11.5

25.0 (4-200)
11.5

%4
36

72
58

15
115

30
100

118
12

59
64

15
60
55

95

18
12

91
31

49
81

0.3 (0-3)

193 % (11.4-25.0)  <0.0001
6.1
0.382
574 (26-87)
11.6
0.003
21.4 (2-200)
13.7
0.043
532
143
0.004
447
228
0.189
103
572
0.751
163
512
0.356
597
78
0.250
58
316
301
0.210
109
313
253
0.040
531
69
36
39
<0.0001
347
262
34
32
<0.0001
430
245
<0.0001
0.6 (0-8)
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Table 2 continued

Less than four

Four or more All patients P

positive nodes (n = 545)  positive nodes (n = 130)  (n = 675)

Standard deviation 1.0

Number of positive sentinel nodes harvested
Mean (range) 1.2 (1-3)
Standard deviation 0.5

Sentinel node ratio
Mean (range) 0.8 (0.1-1.0)
Standard deviation 0.3

0.7 09

<0.0001
1.6 (1-3) 1.3 (1-3)
0.7 0.6

<0.0001
0.9 (0.3-1.0) 0.8 (0.1-1.0)
02 03

HER-2 human epidermal growth factor receptor 2, sentinel node ratio ratio of tumor-positive sentinel nodes to all harvested sentinel nodes

Table 3 Binary logistic regression analysis using backward stepwise likelihood ratio method in the original patient series

Coefficient  Standard eror Wald P Odds ratio 95 % CI for odds ratio

Lower Upper
Prevalence of four or more tumor-positive nodes 0.049 0.019 6.637 0.010  1.050 1.012 1.090
Number of positive SNs 0.943 0.166 32.147 <0.0001 2.567 1.853 3.556
Number of negative SNs —0.443 0.150 8.751 0.003 0.642 0.479 0.861
Histological tumor size (mm) 0.018 0.008 5.391 0.020 1.018 1.003 1.034
ECE of SN metastasis 1.036 0218 22.539 <0.0001 2.818 1.837 4.321
Constant ~4.392 0.516 72.389  <0.0001 0.012

CI confidence interval, SN sentinel node, ECE extra-capsular extension

(P < 0.0001), number of tumor-negative SNs (P = 0.003),
histological size of the primary tumor (P = 0.020) and
ECE of SN metastasis (P < 0.0001) had statistical signif-
icance in the binary logistic regression model and were
included in the predictive model (Table 3). The Hosmer—
Lemeshow test produced a P value of 0.101 indicating that
the model fits and calibrates well for the patient population.

The AUC for the original patient population was 0.769
(95 % confidence interval: 0.721-0.816) suggesting a very
good discrimination. The multivariate model predicted 455
(674 %) of the 675 patients in the original patient series to
have less than four metastatic ALN with a sensitivity of 66.9 %
and specificity of 75.6 % at the <20 % cutoff threshold.

A mathematical equation was deduced from the logistic
regression analysis to predict a patient specific risk of
having four or more tumor-positive ALNs, with p denoting
the probability of this risk:

logit(p) = —4.392 4+ 0.049 x a +0.943 x b — 0443 x ¢
+0.018 x d+1.036 x e.

The letters in the equation denote the following variables:

a = prevalence of four or more tumor-positive ALNs in
patient series (percentage of patients), b = number of

@ Springer

tumor-positive SNs, ¢ = number of tumor-negative SN,
d = histological size of primary tumor (mm), ¢ = ECE of
SN metastasis (0 if not present, 1 if present). The predictive
model is also provided as an excel-based calculator in the
online only version of this article and at the website of the
Breast Surgery Unit of Helsinki University Central Hospital
(www.hus.fi/breastsurgery/predictivemodel).

The predictive model was then validated by insertion of
each patient’s data from the internal and external validation
series into the equation. AUC, sensitivity and specificity
for each internal and external validation certer are given in
Table 4. Receiver operating characteristic curves for the
original series and validation series are presented in Fig. 1.

Sensitivity and specificity are given for <20 % risk in the
internal and external validation series in Table 4. Sensitivity
and specificity of our model in the external validation series
for other predicted probabilities are: <5 % risk (sensitivity
99.5 %, specificity 3.4 %), <10 % risk (sensitivity 95.7 %,
specificity 22.1 %), <20 % risk (sensitivity 76.1 %, speci-
ficity 61.5 %), <30 % risk (sensitivity 54.3 %, specificity
84.6 %), <40 % risk (sensitivity 44.0 %, specificity 91.8 %),
<50 % risk (sensitivity 27.3 %, specificity 96.9 %), <60 %
risk (sensitivity 23.0 %, specificity 98.7 %). Our model
identifies 389 (51.2 %) of the 760 patients in the external
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Table 4 Performance of the predictive model in internal and external validation; sensitivity and specificity for <290 % risk of additional

metastases
N Four or more metastatic ALNs AUC (95 % CI) Sensitivity (%) Specificity (%)
Original patient series 675 130 (19.1 %) 0.769 (0.721-0.816) 66.9 75.6
Internal validation series 367 67 (18.3 %) 0.766 (0.698-0.834) 68.7 70.3
Center A 72 12 (16.7 %) 0.726 (0.559-0.893) 583 55.0
Center B 91 19 (209 %) 0.767 (0.637-0.897) 68.4 69.4
Center C 33 8 (24.2 %) 0.893 (0.778-1.000) 75.0 76.0
Center D 149 27 (18.1 %) 0.759 (0.647-0.871) 74.1 72.1
Center B 22 1 (4.5 %) 0.667 (0.465-0.868) - 100
External validation series 760 209 (27.5 %) 0.774 (0.736-0.812) 76.1 61.5
Center F 77 30 (39.0 %) 0.868 (0.782-0.954) 96.7 255
Center G 88 20 (22.7 %) 0.775 (0.661-0.889) 75.0 64.7
Center H 42 8 (19.0 %) 0.741 (0.536-0.946) 375 85.3
Center I 132 40 (30.3 %) 0.778 (0.693-0.862) 75.0 60.9
Center J 17 3 (17.6 %) 0.750 (0.405-1.000) 66.7 42.9
Center K 79 18 (22.8 %) 0.638 (0.477-0.800) 38.9 85.2
Center L 141 27 (19.1 %) 0.845 (0.772-0.918) 88.9 64.9
Center M 184 63 (34.2 %) 0.736 (0.653~0.818) 77.8 54.5

ALN axillary lymph node, AUC area under the receiver operating characteristic curve, CI confidence interval

validation series to have aless than 20 % risk of having more
than four ALN metastases. Similarly the model identified
73.9 % patients to have a less than 30 % risk and 82.0 % to
have a less than 40 % risk. The present model predicts only
20 (2.6 %) patients in the external validation series to have a
less than 5 % risk of four or more ALN metastases.

Calibration of the predictive model was examined by
grouping patients in each series into quartiles according to
the predicted probabilities of four or more tumor-positive
ALNs. A calibration plot was acquired by plotting the
mean predicted probability of each quartile against the
actual proportion of patients with four or more tumor-
positive ALNs in each quartile (Fig. 2).

Discussion
The present predictive model

Our predictive model performs very well in the internal and
external validation, both having AUC values of >0.75. Our
model is also well calibrated as shown by the Hosmer—
Lemeshow test and the calibration lines in Fig. 1. As
expected, the performance of our model varies between
validation centers. The centers at the extremities in terms
of AUC values have contributed relatively small numbers
of patients and this variation may well be caused by sta-
tistical deviation due to the small sample size. The case
mix might also differ between centers, for example, in
terms of tumor sizes. Growing tumor size increases the

prevalence of ALN metastases. The use and sensitivity of
preoperative axillary ultrasound affects the prevalence of
four or more positive ALNs as well. Patients with a sig-
nificant axillary tumor burden are more likely to be pre-
operatively detected by axillary ultrasound compared to
patients with only a single ALN metastasis.

We present our predictive model as an equation pre-
dicting the probability of an individual patient with mac-
rometastatic SN having four or more tumor-positive ALNs.
The three previously published predictive tools are pre-
sented in forms of a scoring system [12], a table [13], and a
nomogram [14], all of which are approximations of the
original logistic regression model. Presenting the predictive
model in the form of a nomogram or scoring system allows
an easy risk prediction, but such tools work ideally in paper
format. At present, most patient records and medical
applications display data in electronic format, therefore,
entering information into a software-based calculator
seems the easiest and certainly most accurate way to pro-
ceed with the estimation of patient-specific risks.

Furthermore, by producing a continuous risk percentage
our model is not tied up to specific cutoff thresholds as
clinical decision-making thresholds may well change in the
future. The model’s sensitivity and specificity were tested
in Table 4 for a cutoff value of less than 20 % risk of
having four or more metastatic ALNs. This threshold was
chosen as an example and is considerably higher than the
<5 % threshold given by the previous predictive models
[12-14]. Our model predicts over 50 % of the patients in
the external validation series to have a less than 20 % risk
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<« Fig. 1 Receiver operating characteristic curves for the original patient

series (a), the internal validation patient series (b), and the external
validation patient series (c)

for four or more ALNs metastases but the proportion of
patients understandably changes with the risk level.
Because other risk levels may be relevant in various clin-
ical circumstances, we calculated our model’s sensitivity
and specificity for risk levels ranging from less than 5 % to
less than 60 % in the external validation series. At 5 and
10 % cutoff levels, the sensitivity of our model was
extremely high, that is over 95 %, but at the cost of the
specificity. However, such low cutoff levels will be used
when it is important to minimize the risk of missing the
diagnosis of pN2-pN3 disease, and then the high sensi-
tivity can be considered as an advantage. Although the risk
cutoff level can be altered with changing settings of clin-
ical decision-making, the model needs to be validated for
each center’s patient population, and sensitivity and spec-
ificity need to be calculated for each threshold.

Factors in our model

Our predictive model is based on heterogeneous patient data
from five European centers. The exclusion criteria were
intentionally kept minimal in order to produce a series clo-
sely resembling the normal clinical setting. It is noteworthy
that the prevalence of patients with four or more tumor-
positive ALNs has niot been previously incorporated into any
predictive model. This adds an important factor into the
model as it facilitates calibration of the model in different
centers with varying patient material and surgical and
pathological methodology. The importance of such institu-
tional calibrations and validations has been highlighted by
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Fig. 2 Calibration plot for the predictive model applied to the
original patient series and external validation series split to quartiles
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our previous studies demonstrating relevant inter-institu-
tional differences in both the variables used by the predictive
models [16] and the best performing predictive tools for
patients with low [16] and high [16, 17] risk of NSN
involvement [34].

In addition to the prevalence of four or more positive
ALNSs, four tumor and SN-related variables were found to
be statistically significant in the binary logistic regression
analysis and were included in our predictive model. Tumor
size, number of positive SNs, and SN ratio or number of
negative SNs were found to be significant factors also in all
of the previous models [12-14]. ECE of SN metastasis was
also a significant factor in two of the previous models [13,
14]. Other factors that were found to be significant in
previous studies are: lymphovascular invasion of the pri-
mary tumor [13, 14], detection method of SN metastasis
[12] and tumor histology [14]. As a whole, all of the
published predictive models are surprisingly similar
regarding factors influencing the prevalence of four or
more metastatic ALNs with tumor-positive SNs.

Implications of our predictive model—towards tailored
axillary treatment

Completion ALND after tumor-positive SNs has been the
gold standard of distinguishing pN1 patients from pN2—
pN3 breast cancer patients. Accurate evaluation of the
lymph node tumor burden in the axilla has been considered
an important prognostic factor influencing adjuvant treat-
ment planning. ALND also reveals the lymph node ratio,
i.e., the proportion of metastatic ALNs among all examined
nodes. The prognostic value of the lymph node ratio has
been considered superior to the number of involved axil-
lary nodes [1, 2].

The results of ACOSOG Z0011 trial were ground-
breaking suggesting that omitting ALND in patients with
limited number of metastatic SNs may not increase regio-
nal recurrence rate nor decrease survival in general [5, 6].
The Z0011 trial had, however, many limitations that reduce
its generalizability. The Z0011 trial only included breast
cancer patients undergoing breast-conserving surgery fol-
lowed by whole-breast radiotherapy. The study therefore
excluded patients undergoing mastectomy who may benefit
from accurate discrimination between pN1 and pN2—pN3
disease in the planning of adjuvant radiotherapy. More-
over, the Z0011 trial included only patients with one or two
tumor-positive SNs and a substantial proportion of the
patients had micrometastasis as their SN finding (44.8 % in
the SNB only arm) {5, 6}]. Therefore, the ACOSOG Z0011
trial results do not indicate that every patient with SN
metastases can safely avoid ALND.

The forthcoming results of the AMAROS-trial may fur-
ther increase the need for predictive tools. The AMAROS-

trial compares axillary radiotherapy to completion ALND in
a randomized setup [35]. If ALND were to be replaced by
axillary radiotherapy, the exact extent of the axillary tumor
burden would remain unknown. Even if axillary radiother-
apy proves equal to completion ALND, a subgroup of
patients with extensive axillary tumor burden might benefit
from completion ALND either alone or together with axil-
lary radiotherapy.

The trend of omitting routine ALND after tumor-positive
SNs increases the importance of statistical models in pre-
dicting patients with a risk of significant tumor burden left
behind in their axilla. Such patients may benefit from either
radiotherapy to regional nodal basins, completion ALND, or
even both. The treatment of ALN positive breast cancer
patients is undergoing a dramatic change. In the future, these
patients may be offered tailored axillary treatment options
based on patient-specific risk and need analyses. As clini-
cians’ decisions may be inferior to nomogram-based deci-
sions [36], predictive tools such as the present one will be of
major importance in this development.

Conclusion

In this study, we present a novel international multicenter
predictive tool to assess patient-specific risk of having four
or more tumor-positive ALNs in patients with SN ma-
crometastases. Our model performs very well both in
internal and external validation patient series, but needs
further validation in each center before application to
clinical practice.
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ABSTRACT

Purpose: The optimal treatment duration time and the causal relationship between neoadjuvant endo-
crine therapy and clinical response are not clear. Therefore, we conducted the present study to inves-
tigate the potential benefits of neoadjuvant exemestane therapy with the goal of identifying the optimal
treatment duration.
Methods: This study was conducted at three hospitals, as a multicenter, randomized phase Il
trial(UMINOOO0O05668) of pre-operative exemestane treatment in post-menopausal women with un-
treated primary breast cancer. Fifty-one post-menopausal women with ER-positive and/or PgR-positive
invasive breast cancer were randomly assigned to exemestane for 4 months or 6 months. Clinical
response, pathological response, and decisions regarding breast-conserving surgery were the main
outcome measures.
Resuits: Of the 52 patients that enrolled, 51 patients underwent surgery. Of those, 26 and 25 patients had
been treated with exemestane for 4 and 6 months, respectively. Treatments were performedat 3 hos-
pitals in Japan between April 2008 and August 2010. The response rates as assessed by clinical exami-
nation were 42.3% and 48.0% for 4 and 6 months of treatment, respectively. Pathological responses
(minimal response or better) were observed in 19.2% and 32.0% of patients, and breast-conserving
surgery was performed on 50.0% and 48.0% of patients from the 4 and 6 month treatment groups,
respectively.
Conclusion: The results of this study demonstrate that responses were equal to 4 or 6 months of
exemestane treattnent. Therefore, we propose that the rates of breast-conserving surgery could be
maximized by 4 months of treatment. Furthermore, in addition to using exemestane as a preoperative
treatment in post-menopausal women with ER-positive breast cancer, we envision administering the
drug over the long term under careful clinical supervision.

© 2013 Elsevier Ltd. All rights reserved.

Introduction

adjuvant chemotherapy, with an improved rate of breast-
conserving surgery, indicating that neoadjuvant therapy could

Since the 1990s, primary endocrine therapy has been considered
the gold standard in the adjuvant and metastatic treatment settings
for estrogen (ER) and/or progesterone (PR) receptor-positive breast
cancer. The NSABP B-18 clinical trial' in 1988 demonstrated that
neoadjuvant chemotherapy yielded the same survival rate as

* Corresponding author, Tel.: +81 3 3542 2511; fax; +81 3 3542 3815.
E-mail address: tahojo@ncc.go.jp (T. Hojo).

0960-9776/$ — see front matter © 2013 Elsevier Ltd. All rights reserved.
http:/fdx.doi.org/10.1016/j.breast 2013.03.002

have important clinical ramifications. With that in mind, neo-
adjuvant endocrine therapy for hormone receptor-positive breast
cancer was also assessed, and was shown to be effective in a
number of clinical trials (Table 1). Recently, clinical interest has
shifted from tamoxifen to third-generation aromatase inhibitors.
A few trials?>~® have indicated that anastrozole led to improved
response rates as compared to tameoxifen, but the results were not
statistically significant. The PROACT trial reported that anastrozole
treatment allowed for breast-conserving surgery in significantly
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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%
P0O24 Trial* 337 LET® vs TAM 4 55%, 36%
GENARI Trial® 29 EXE? 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.

b TAM = Tamoxifen.

¢ LET = Letrozole.

9 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
IIA-TIA 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

Stage HHA-IIA, Primary breast cancer postmenopausal
ER+ and/or PgR+, (confirmed by CNB?)
Registration 51 patients (pts)

v

/

Group A (n = 26 pts)
Exemestane 25 mg x 16 weeks
PD" (n =2 pts)

~

Group B (n = 26 pts)

Exemestane 25 mg x 24 weeks

PD" (n =2 pts)
~a o ~
Response evaluation and Surgery Discontinued
Group A (n = 26 pts), Group B (n = 25 pts) (n=1pt)

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 (UMIN0O00005668) 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.' 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 (%) 1A 19 (73.1%) 22 (84.0%)
1B 7 (26.9%) 4 (16.0%)
BMIP? 23.9(18.5-31.5) 245(17.5-32.3)
Tumor diameter (cafiper) 30.5 (20-60) 30.0 (13-55)
Median (range) mm
Receptor status
ER® positive/HER2® negative 25 22
ERP 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.

ER = estrogen receptor.

HER2 = human epiderrnal growth factor receptor type 2.

PgR = progesterone receptor.

o n o
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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 4] 1 ] 2
PR 7 10 5 10
Sb 17 13 20 11
PD 2 2 (4] 2
Clinical ORR (CR or 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 ] 1
2 0 1
1b 5 6
1a 15 13
0 6 4
Response rate (1bor 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 II
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!” 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
exernestane 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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PELIEIB OIS T BREE T 5, BERZIZY
Brsn/-fifaid, HE REI2X o THREOBIER
BYEBRD LN, LL, MEBEEKD
ZALICZ LSRR AR I IZREETH 5,
BEM L - IR L D ICREL <
707y —VIZEEINLY, TOBRHIIAR
BAfECd D BERIC cell viability % 5§ 5 &
BH P 5. Nicotinamide adenine dinucleotide
(NADH) diaphorase i3I b ¥ KV 712
JBAEL, NAD & NADH® 2 ODiREE% & V) B
ALETISICLEDOHERTH Y, BEEICX
HRBFEOFHEICE L T 59, AMIIETHI
I PV Y TORRAICEREINSD, JE
MRETIEEREEINL V., Ji A Mo F Uik
YL ssDNA iR IC & 5 cell viability @ 274 3
AALNTWBY,

M. 3LEICH (T 2RFAD
B ERE

1. FLEUIRZEHFD RFA

RFA 2 & - TEIC 2 &) 72 BRI EEC
BAINTREDE) 2RETAH I EIEET
BHho R1IZRFA ZHfT L2ERD 5\ IdH
BB ALE R 2 T L2BETH 2,
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£ 2 v B % £ b % w RFA
E H GiEE) SEBIEL T i A gl WEEE (B) ®BHE ERR
Susini (2006) 3 T1 Cool-tip 18 (mean) None
Marcy (2007) 5 T1-2 Elektrotom 24~36 IBTR* (1)
Oura (2007) 52 Tis-1 Cool-tip 6~30 None
Nagashima (2009) 17 T1 Cool-tip 12~28 None
Yamamoto (2011) 30 T1 Cool-tip 2~41 None
Yoshinaga (2013) 8 T1 Cool-tip 38 (mean) None
Noguchi (2013) 19 T1 RITA 37~82 Liver (1)
Imoto (2013) 20 T1 LeVeen 3~45 None
Total 154 2~82 2

(*IBTR, ipsilateral breast tumor recurrence)

ENDNBRELIETH S, FROFEEES
BEHDLSFTETTHS, 51T, HE $=6,
NADH diaphorase 7z &N DHE D X
FETLTH B 220 DR TR ED64%
»HH100%TH Y, ERAEXRESRE (4
%) Tholo WMIZTIIHIEZWNRE L-HE
DHREEEIT A L, BRI L776F 152681086
% TH o7,

2. IEUIRZEFEHEL RFA

RFA 32 BOIEMBRIC L 2IIERETH 5,
X oT, WKEEiTHTIZ RFA DA TRBELE
RATHELHFETS (R2), K1LKE
CELDREE, NEOERETH I, TLAL
BTIETORERTH Y RFA OFEISFHEHEIZE
HLTWbB, ZORR, 15461120V THEH
Mix2 2 A0582% BLEXHS DD, ILE
WERIZDLT2 16 (0.6%) Tholz, £
SX20BDBE 24T 0720 ZTOHT, MRIIZ &
5 RFA BORBEBEIERHTH A Z Lo Bk
L7299, YIB%E S RFA O#E S, MRIW X
BT T 2 B EIPHIL RFA B OB TR
BDHNTZ) ol L723ER (red ring formation)
=L TnwaprZ PRI (H2),
BB EIBEEE TR 2D 2 WILE
RFA OEFNIDOWTRIAE BT 21T 5729, £
ORER, 10MEEED HATHID R I iz FWE
BEIE1. 6cn T T1 2FE 342561 (86%) Th o
720 REABOBEHE O F JfE1350% BT
Holeh, TIEE T2ULILEOSELE
NIEFERERITI6% E80% Th o772, PEhD,
EIC ##b v TIHFE THNIE, RFA FH
BEotEoREBEEL LTERINLWHENR

EV,

V. FLEIFUIRRAEEICEET 3
ERpREAER

&% 513 Cool-tip Bl E M4 & RF generator
ZHWT, YBEEDLRVWIERE RFA OZ ik
HFEEIMERBRZITo TS (H3). W&
EICZEDT2mI TO 0BT 213 T ABZLRE
T# 5. Primary endpoint &R BEFEM 2 228
KR THbH. REAR4BEICHBERE TV,
BN OB EICOWTHREERITH . HHE
ZRIZHEEZH L DEOBRS 2 T NIIE
MRaT & BMEEEICID U7 38R Tk % 61T L 1045
DIEBBIE AT o RERIL 2 step design TH
EIN, RO PIVESFH S N-REE CTHRER
HEATV, BBORBEOFEELZIET 5. &K
17 BREIERIENL3261TH 5.

KETld American College of Surgeons On-
cology Group (ACOSOG) Z1072 SRER D E s &
Nizo THEEIERZ M) FIEOHREIEE (cryoab-
lation) (ZB99 5% 1 #HEUBX C primary endpoint
& RFA F#&IZ complete tumor ablation T %,
OB DESKIIAE 5 HTHRT L, BUIEMITIEE
EDZLETHAH (FWFETH 5 Duke EERAF
Z2Fr® David. M. Ota #H#&® L H FEIZT),

E3 & &

FLEIZBIT 5 RFA H 5\ 1Z cryoablation 1
FORBRBBES NS, LRI, EZ2IMD 7~
F— VIS vy — %R L2, RS
BOWHE» O/NERBEEICRFA 2 L% LT
BN ETURTELDTHAINOERERE
LWeEEbN ENZFOBYTHDH, L
L, RFAZza—4 4 FToOMBRERICEI L
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BOLETH D, BRERDS, LERTORL
BT 25 MHRABRIIFERENTH 5, HHIZ,
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b, BLED 5, endpoint DEEIC D E 575,
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Abstract A rectoseminal vesicle fistula is a rare com-
plication after a low anterior resection for rectal cancer,
usually developing in the outpatient postoperative period
with pneumaturia, fever, scrotal swelling or testicular pain.
A diagnostic water-soluble contrast enema, cystography
and computed tomography reveal a tract from the rectum to
the seminal vesicle. Anastomotic leakage is thought to be
partially responsible for the formation of such tracts. This
report presents three cases of rectoseminal vesicle fistula,
and the presumed course of the disease and optimal treat-
ment options are discussed.

Keywords Colon fistula - Seminal vesicle -
Urinary fistula

Introduction

The complications of end-to-end anastomosis for lower
rectal cancer include anastomotic leakage, rectovaginal
fistula, intrapelvic abscess and stenosis. A rectoseminal
vesicle fistula is rare. Three patients developed rectosem-
inal vesicle fistula and were treated over a period of
19 years. This report reviews and summarizes similar
previously reported cases, while focusing on the presumed
course of the disease, diagnostic procedures and treatment
options.
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Patient 1

A 73-year-old male was admitted to the surgical depart-
ment for treatment of rectal cancer 7 cm from the anal
verge. Colonoscopy revealed a type 2 tumor of the rectum
and the histopathological examination of a specimen
obtained by colonoscopy revealed adenocarcinoma. Labo-
ratory tests were normal. The preoperative staging was
T3NOMO. The patient did not receive any neoadjuvant
therapy.

A low anterior resection was performed with an end-
to-end anastomosis. Microscopic examination of the
specimen revealed well-differentiated adenocarcinoma
of the rectum with adequate resection margins and no
metastases in the 12 resected lymph nodes. This was a
T3NOMO tumor, according to World Health Organization
(WHO) classification.

The immediate postoperative course was uneventful.
The discharge from the intrapelvic drain was noted to be
purulent on postoperative day 7. A water-soluble contrast
encma demonstrated minor anastomotic leakage on day 14.
The patient was treated conservatively with intrapelvic
drainage and antibiotics. Oral diet was resumed on post-
operative day 24 and the patient was discharged on day 29.
He was readmitted on postoperative day 37 with acute left
testicular pain, fever and pneumaturia. A vasogram fol-
lowed by fistulography demonstrated a fistula from the
seminal vesicle to the rectum via the anastomotic site
(Fig. 1).

Computed tomography revealed air bubbles located
between the rectum and seminal vesicle. Anastomotic
leakage followed by coloseminal vesicle fistula after low
anterior resection was diagnosed. The leakage was locally
restricted, without any sign of generalized peritonitis, and
was successfully treated using only urethral catheterization
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Fig. 1 A vasogram followed by fistelography demonstrating fistula
from the seminal vesicle to the rectum via the anastomotic site.
136 x 128 mm (150 x 150 DPI)

and antibiotics with oral diet. The fistula had successfully
healed by postoperative day 62, or 25 days after
readmission.

Distant metastases were found 17 months after the first
operation. The patient underwent partial hepatectomy and
pulmonary resection for metastases from rectal cancer. He
is doing well without local recurrence at 4 years after the
first operation.

Patient 2

A 76-year-old male was admitted to the surgical depart-
ment for treatment of rectal cancer 7 cm from the anal
verge. Colonoscopy revealed a type 2 tumor of the rectum
and the histopathological examination of a colonoscopic
specimen led to a diagnosis of adenocarcinoma. Laboratory
tests yielded normal results. The preoperative stage was
T3N1MO. The patient’s medical history included diabetes
mellitus, hypertension, angina pectoris and pulmonary
hypertension. The patient did not receive any neoadjuvant
therapy.

A low anterior resection was performed with end-to-end
anastomosis. A microscopic examination of the specimen
revealed moderately differentiated adenocarcinoma of the
rectum with adequate resection margins and lymph node
metastasis in one of the 12 resected nodes. This was a
T3NIMO tumor.

The patient accidentally removed the urethral catheter
while the balloon was still inflated on postoperative day 7.
No apparent damage was observed in the urethra at that
time. He was discharged on postoperative day 11. He
presented to the emergency department 1 month after first
discharge with acute testicular pain, pneumaturia and a

Air bubblesin
~-seminal vesicle

Bladder

Fig. 2 CT showing air bubbles in and around the seminal vesicle.
This slice is 1 cm above the anastomotic site. 125 x 125 mm
(150 x 150 DPT)

swollen scrotum. A water-soluble contrast enema demon-
strated a fistula between the anastomotic site and a seminal
vesicle. CT revealed air bubbles around the seminal vesicle
and a series of abscesses from the seminal vesicle to the
scrotum (Fig. 2). Conservative therapy with antibiotics and
urethral catheterization was attempted which failed, so
diverting transverse colostomy was performed on postop-
erative day 50 (day 39 after readmission). Healing of the
fistula was confirmed at another hospital and stoma closure
was eventually performed, about 14 months after the first
operation.

The patient was treated for pulmonary metastases with
oral tegafur-uracil. He has survived 3 years and 10 months
since the first operation without local recurrence.

Patient 3

A 49-year-old male was admitted to the surgical depart-
ment for treatment of a huge rectal cancer. Colonoscopy
revealed a type 3 tumor of the rectum and a histopatholo-
gical examination led to a diagnosis of adenocarcinoma.
Computed tomography (CT) and magnetic resonance
imaging demonstrated the tumor and adjacent abscess
forming a mass 10 cm in diameter, with infiltration into the
right seminal vesicle. The C-reactive protein level was
elevated to 7.1 mg/dl. Pelvic incisional drainage was per-
formed prior to the radical operation. Preoperative staging
was TAN2MO.

A low anterior resection of the tumor with the bilateral
seminal vesicles and diverting ileostomy were performed
with end-to-end anastomosis. A microscopic examina-
tion of the specimen revealed moderately differentiated
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Fig. 3 A vasogram ﬁndef cystoscope éontrol demonslrafes fistula
from the ejaculatory duct to the anastomotic site via an abscess cavity.
137 x 137 mm (150 x 150 DPD)

adenocarcinoma of the rectum with adequate resection
margins and no metastases in any of the 44 resected lymph
nodes. This was a T3NOMO tumor.

The patient displayed fever and fecaluria on postoper-
ative day 10. CT revealed anastomotic leakage surrounded
by a cavity filled with pus and an increased air—water level.
A vasogram under cystoscopic control demonstrated a
fistula from the ejaculatory duct to the anastomotic site via
an abscess cavity (Fig. 3). He was diagnosed with anas-
tomotic leakage followed by creation of a fistula between
the anastomotic site and the excision site of the seminal
vesicles. The patient was effectively treated using lavage
from an intrapelvic drainage tube and urethral catheteri-
zation with a saline flush. The abscess cavity gradually
contracted and disappeared, but the fistula remained
refractory. Gracilis muscle flap closure was attempted but
proved unsuccessful. Additional abdominal rectus muscle
flap closure achieved an improvement of the fistula.

The patient finally underwent total pelvic exenteration
for intrapelvic recurrence along with intention to treat
urinary division after 2 years and 6 months. He has sur-
vived 3 years since the first operation.

Discussion

Abscess formation around the seminal vesicle is infre-
quently encountered in patients without apparent anasto-
motic leakage that have undergone concomitant resection
of the rectum and seminal vesicle (Fig.4). The usual
clinical course is cloudy discharge from the pelvic drain,
fever, and relatively normal results of laboratory tests,
other organ function and general status. A water enema of
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Bladder

Fig. 4 Retrograde cystourethrography shows fistulous communica-
tion between the seminal. vesicle and intrapelvic cavity. This
represents seminal vesicle fistula after concomitant resection of
rectum and seminal vesicle. 125 x 125 mm (150 x 150 DPI)

the anastomotic site subsequently reveals no leakage.
Cutting off the root of the seminal vesicle without ligation
causes a seminal vesicle fistula and local collection of pus.
Simply leaving the fistula open may be adequate as long as
the fever is controlled by antibiotics. The patient usually
recovers from the fistula within several weeks. The pro-
phylactic approach includes a ligation of the base of the
resected seminal vesicle.

This report presented three cases of rectoseminal vesicle
fistula after low anterior resection. Low anterior resection
has been performed at this institution since 1992, with
more than 1100 patients treated. Three patients developed
rectoseminal vesicle fistula and were treated over a
19 years period. Coloseminal vesicle fistula is particularly
uncommon. The causes or origin of such fistulae include
inflammatory bowel disease, low anterior resection, pro-
statectomy, radiation proctitis, and sigmoid colon diver-
ticula [1-3]. Only 10 cases of seminal vesicle fistula were
found among the reported postsurgical intervention cases
[3-9] (Table 1).

Minor leakage was demonstrated on postoperative day
14 in the first case, and was conservatively treated using
only a drainage tube. Mild residual inflammation might
have adversely influenced the fragile seminal vesicle wall.
Outpatient follow-up on postoperative day 37 revealed a
fistula to the seminal vesicle. Denonvilliers’ fascia, which
is located between the rectal anterior wall and the seminal
vesicle beneath the level of the peritoneal reflection, may
be removed when performing total mesorectum excision
[10]. Denonvilliers’ fascia is a very strong tissue that
divides the urinary tract and rectum. Infectious material



