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Summary

Objective: The clinical significance of preoperative chemotherapy, including trastuzumab for HER2-positve breast cancer,
was examined based on hormone receptors (HR) to clarify future issues. Subjects: 104 HER2-positive breast cancer patients
who completed preoperative chemotherapy and underwent surgery from May 2005 to August 2010. All patients received
sequential treatment with taxane= trastuzumab for FEC (5-FU-epirubicin-+cyclophosphamide) therapy, and from 2008
they received trastuzumab postoperatively for one year. Results: Concerning the histological effects, the rate of comprehen-
sive pCR (CpCR) in the 104 patients (31 HR-negative administered trastuzumab, 15 HR-negative not administered trastu-
zumab, 28 HR-positive administered trastuzumab, 30 HR-positive not administered trastuzumab) was 65%, 47%, 21% and
23% for each group, respectively CpCR was a significant factor (p<0.05) in prolonged distant disease-free survival (DDFS)
in the HR-negative group. Distant metastasis occurred in 14 patients, namely, brain metastasis in 7 patients (4 HR-negative
administered trastuzumab, 1 HR-negative not administered trastuzumab, 2 HR-positive administered trastuzumab). The
therapeutic efficacy was pINV in 5 of these 7 patients (3 HR-negative administered trastuzumab, 1 HR-negative not adminis-
tered trastuzumab, 1 HR-positive administered trastuzumab), and 4 of those 5 patients received trastuzumab postoperative-
ly. Discussion: The responsiveness to preoperative chemotherapy including trastuzumab for HER2-positve breast cancer differs
between HR-positive and HR-negative. pINV patients seem to be at a high risk for brain metastasis regardless of HR, and it
may be difficult to suppress its occurrence only with trastuzumab adjuvant therapy. Key words: HER2-positive breast cancer,
Preoperative chemotherapy, Trastuzumab (Received Mar. 5, 2012/Accepted May. 23, 2012)
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Table 1 Patient characteristics

Median age (years)
Range
Clinical stage
I
IA/IB
MA/IIB
mc- v
Tumor size (cm)
1.0=T=2.0
2.0<T=5.0
5.0<T=7.0
Clinical nodal status
Negative (cNO)
Positive [cN (+)]
Histological classification (CNB specimen)
Papillotubular carcinoma
Scirrhous carcinoma
Solid-tubular carcinoma
Special types ’
Histological grade (B & R)
Grade 1
Grade 2
Grade 3
Taxanes
Docetaxel (DTX)
Weekly paclitaxel (PXL)

55 54 ol 48
(27-69) (32-70) (36-69) (25-69)
1 2 1 0
13/5 5/6 16/7 16/9
10/2 2/0 3/1 4/1

0 0 0 0

3 2 1 1
20 11 23 24
8 2 4 5
15 6 20 17
16 9 3 13
5 1 7 5
17 8 15 19
6 4 4

1 0 2 2

2 0 4 3

9 5 10 15
20 10 14 12
15 10 19 28
16 5 9 2

HR—: hormone receptor negative, HR+: hormone receptor positive, H: trastuzumab
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zumab ¥ 5-) B 28 I, HR B4 C trastuzumab % &5
L% o7 (HR Bik/trastuzumab JE3%5) B 30 T
Hol

FECE 4 FH oML IV AVERETE2DIE 100
Bl (96%) TH o7 2P DTX 12 L AIERERD /20
WZENFN2E, SEOATHIEL, 1BIETFT74 7%
RIS D7OI 1 BORTHESEFIELL, 2HIT1
BliE DTX % 3E#kES LR ETPD &SI L CTHRIEL
7o BRIV, 2008 4 2 A AREIE AT £ 1T trastu-
zumab % 1 EHFEE T2 L2 FHIE L7225, 3604
ALFRER I OBREORT 232072700, /21601
HEENL Do 727201 trastuzumab DHTEIEEIA
WHEETH oo HETE 80 FITIX, ZDOHAITHIT I
BEDET 2RO L o7z EEFOERE Table 1 1R
¥
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FRIRAYZD 13 &4k T CR 59 #l, PR 37 $lI, SD 7 #l,
PD1ITHD, EHFIX 2% TH o 72c HR JITIZ,
HR Rt 46 i CR 32 B (trastuzumab #2525 #, FE
5 76) (70%), —75 HR B8 58 Bt CR 27 41

(trastuzumab #%5 18 %, Fix5 96l) (46%) THDYH,
HR &8 T CR OEIARABCHE o7 (9<0.05),
& b2 trastuzumab OHEGHFETH B &, trastuzumab
BE5HCTIZCRATHREM 2561 (81%), HR B 18 61
(64%), FEHZESMWTIXI CRAHR M 76 (47%), HR
Rt 9 Bl (30%) T@H Y, trastuzumab 25352 &
THR B BilEL b1 CROBBIARCERLE O
<0.05) (Table 2),

HERELZFROBTS 0% ETH o720

HEAERZI R L, comprehensive pCR (CpCR) #% HR
Rt 27 B (trastuzumab %5 20 B, FEix 5 7 #1) (58%),
HR B4 13 1 (trastuzumab %5 6 6, &5 7 )
(22%) THR BUBIAEBICBTFTHo7 (p<0.05),
trastuzumab ®#% 53 Tid, HR B /trastuzumab %5
B 21% 1% LT HR By f%/trastuzumab FEF 58 23%,
HR F&1%/trastuzumab 3% 58 65% (2%t L C HR &/
trastuzumab xS 47% TH Y, HR BEFIIH LT
trastuzumab DBIIRSKE WHER % BD . —F T,
quasi pCR (QpCR) T& 5 & HR R D QpCR =453k
BERT33%, BESHST% THo/zZ L b, tras-
tuzumab DBMFNFR % D72 (Table 3)o
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CR 2

5 7
PR 4 6 9 18
SD 1 2 1 3
PD 1 0 0 0
Response rate (%) 94 87 96 90
Breast-conserving surgery (%) 78 87 82 70

HR—: hormone receptor negative, HR+: hormone receptor positive, H: trastuzumab

SpCR ’ 12

3 3
pCRinv 8 3 3 4
CpCR (SpCR+pCRinv) 20 7 6 7
CpCR rate (%) 65 47 21 23
Near pCR 5 1 10 3
QpCR (CpCR+near pCR) 25 16 10
QpCR rate (%) 81 53 57 33

SpCR (Strict pCR): disappearance of all tumor cells, pCRinv (pCR with in
situ carcinoma): only ¢z situ tumor residues, CpCR:comprehensive pCR,

Near pCR: only focal invasive tumor residues, QpCR: Quasi pCR, HR—:hor-
mone receptor negative, . HR+: hormone receptor positive, H:trastuzumab

Table4 Effect to lymph nodes

cN——pNO 15 6
cN——pN+ 0 0
cN+—pNO 16 4
cN+-pN+ 0 5

20 15
0 2
3 5
5 3

HR—: hormone receptor negative, HR+: hormone receptor positive,

H: trastuzumab

) Y SEIEERAIN T A EEIR % Table 4 10K $ . YU
YRHEB OB (cN+—pN—) ZFi: HR B/
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mab FER 5B 4 6] (44%), HR Bik/trastuzumab %5
B340 (38%), HR Bpi&/trastuzumab FE#% 58 5 6l
(39%) TH Y, V) I EIIHTT AR D HR BEHROIZ
3 A% trastuzumab DBINFIEIE > 72 (p<0.05),
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BEMAMORYgE 1,114 (408~3,053) HIZBWT,
104509 H 14 41 (13%) PERBER % FDH72, 12 Flid
pINVTHY, ZDH b 5FUIEBTHRBFEIAH M
TdHolzo HREM, BHEOWE L b trastuzumab %5
HTREEBHINSE { A HN7: (Table 5o 3512, 5HD
9 B 4 FHUTIEHTZIC trastuzumab 25 LTz,
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Table5 Recurrence sites and pathological effects

Median follow-up (days)
Except brain
pINV
CpCR
Brain
pINV
CpCR

1,257

1,140

921 1,053

0 3
0 0
1 0
1 0

pINV:invasive cancer on pathologic examination, HR—: hormone receptor
negative, HR+:hormone receptor positive, H:trastuzumab

a 11
0.9+
0.8 A
0.7 4
© 0.6 1
505
0 0.4
0.3 A
0.2 1 -
074 pINV
O T T T T T T 1
0 500 1.000 1,500 2,000 2,500 3,000 3,500
Days
b L s o WO
0.9 -
0.8 A
0.7 p<0.05
@0 0.6 A
&5 0.5
0 0.4
034 - CpCR
0.2 A1 -
01 PINY
O T T T T T T 1
0 500 1,000 1,500 2,000 2,500 3,000 3,500
Days
¢ ]
08
0.8
07+
E 0.6 4
0 0.5+
804
8-2 1 e CpCR
014 piINV
O T T T T T il
0 500 1.000 1,500 2000 2,500 3.000
Days
Fig.1 CpCR was a significant factor (p<<0.05) in

prolonged distant disease free survival
(DDFS) in the whole study and in the HR
negative group.

a: all patients.

b: HR negative group.

c: HR positive group.
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Fig. 2

0 500 1,000 1,500 2,000 2,500 3,000 3,500
Days

1 e CpCR

7 — pINV

1

0 500 1,000 1.5002,0002,500 3,000 3,500
Days

1 e CpCR

] — pINV

0 500 1,000 1,500 2.000 2,500 3.000
Days

CpCR was not a significant factor in prolonged

over survival (OS) in any group.
a: all patients.

b: HR negative group.

c: HR positive group.
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itive ¥ 4 7') & HR Bt (pure HER2 Bt 1 7) 1ok
FLRBERROBENLELDEIOLNTHEY, &
MEFCTCpCRENPDLAD L, HR MR 58%, BHE
2% TEREIFEEIIEETH 72 (p<0.05),

%72, HER2 BHEFLHE I trastuzumab 28§ 5 2 &
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zumab % $FH L7 EBI O BHALE D E A - 72,
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#i# D trastuzumab OFENFE D A TIIRIE % #H
ORI RTEMES S5 L% 2 i,
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ABSTRACT

Background. This study was designed to clarify retro-
spectively the clinical significance of occult metastases in
both sentinel lymph nodes (SLNs) and non-SLNs in
patients with early breast cancer.

Methods. A total of 109 (80.1%) of 136 women with breast
cancer who had consecutively undergone SLN biopsy (176
lymph nodes) were intraoperatively diagnosed as being free
of SLN involvement. SLNs were routinely examined by
hematoxylin—eosin (HE) staining of one to four frozen sec-
tions per node. Sixty-four (58.7%) of these patients also
underwent backup axillary dissection. For the 109 patients,
all formalin-fixed, paraffin-embedded tissues of SLNs and
non-SLNs were entirely cut into 5-pum-thick sections. All
serial step sections at 85-um intervals were stained with HE
and immunohistochemistry with pancytokeratin.

Results. Occult metastases in SLNs and non-SLNs were
detected in 25 (23%) and 10 (16%) patients, respectively.

Electronic supplementary material The online version of this
article (doi:10.1245/510434-011-2085-5) contains supplementary
material, which is available to authorized users.

© Society of Surgical Oncology 2011
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Published Online: 12 October 2011
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The presence of occult SLN metastasis was marginally
correlated with T-factor (P = 0.06), and predictive factors
for occult non-SLN metastases were tumor nuclear grade
(P = 0.039). With a median follow-up of 86 months, dis-
ease-free survival (P = 0.3) or overall survival (P = (.8)
did not differ between the patients with and without occult
SLN metastases, regardless of backup axillary lymph node
dissection.

Conclusions. SLN or non-SLN occult metastases detected
by serial step sections at 85-um intervals did not have
significant prognostic implications.

The presence and number of axillary lymph node
metastases are the most important prognostic indicators in
breast cancer.’ Sentinel lymph node (SLN) navigation sur-
gery is an important technique for the assessment of axillary
lymph node status and treatment decisions.™” Axillary
lymph node dissection (ALND) is usually performed when
SLN metastases are detected intraoperatively. In the sev-
enth edition of the TNM classification by the American Joint
Committee on Cancer (AJCC), cancer cells found in
regional lymph nodes, including SLNs, are defined as fol-
lows: (1) ITC (staged as pNO(i+)) when there is a tumor
mass < 0.2 mm in diameter, (2) micrometastasis (staged as
pN1mi) when there is a tumor mass > 0.2 mm but < 2 mm
in diameter, and (3) macrometastasis if the tumor mass
> 2.0 mm in diameter.”
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Occult Sentinel and Nonsentinel Metastases

The impact of occult metastasis on disease-free survival
(DFS) and overall survival (OS) has been controversial.*~
Hansen et al. reported that patients with pNO(i+) or pN1mi
apparently have the same 8-year DFS and OS as those with
pNO@{i—) in SLNs.! On the other hand, de Boer et al.'’
reported ITCs or micrometastases in SLNs to be associated
with a reduced S-year DFS in women with early-stage
breast cancer, regardless of whether they had received
adjuvant therapy. Giuliano et al.'” recently reported that
among patients with limited SLN metastatic breast cancer
treated with breast conservation and systemic therapy, the
use of SLN biopsy alone compared with ALND did not
result in inferior survival.

Some percentage of SLN negative patients will have
locoregional recurrence or distant metastasis in the future.
One of the reasons for this phenomenon may be explained by
the occult metastases. "' *'* Underestimation of the extent of
local tumor spread at the time of primary surgery might result
in an insufficient treatment for patients. For the accurate
evaluation of local tumor spread, it may be effective to assess
SLN involvement precisely by means of serial sectioning
with appropriate immunohistochemistry for detecting
micrometastases and isolated tumor cells (ITCs).'®"" In the
current study, we examined the prevalence of occult
metastasis in SL.Ns and non-SLNs by using the most labo-
rious method ever, and investigated the clinicopathological
and prognostic significances of occult metastases in SLNs
and non-SLNs in patients with early breast cancer.

PATIENTS AND METHODS

The study was reviewed and approved by the Institu-
tional Review Board of the National Defense Medical
College. Informed consent was obtained from all patients
who participated in the present study. Between January
2000 and December 2003, a total of 136 patients with
clinically TINOMO or T2NOMO primary breast cancer
received a full explanation of the protocol and agreed to
enrollment in the current study.’> The SLN navigation
surgery protocol was previously described in detail.’
Patients were excluded from the protocol if multiple pri-
mary breast tumors were present or there was clinical
suspicion or confirmed presence of abnormal axillary nodes
as determined by ultrasonography.’” In addition, any case
with an intraoperative SLN frozen section positive for
metastasis was excluded from the present study.

A total of 109 (80.1%) of 136 women were intraoper-
atively diagnosed as being free of SLN metastases and
were analyzed for occult metastasis. Backup ALND had
been performed for 64 (58.7%) of 109 patients without
SLN metastasis, who are included in the present non-SLN
analysis (Fig. fa).
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a
Breast cancer surgery and
sentinel lymph node biopsy
(136 patients)
Positive for SLN metastases
by routine intraoperative
HE examination
: (27 patients)
Negative for SLN
by routine intraoperative
HE examination
(109 patients, 176 SLNs)
SLN biopsy only
(45 patients)
Back-up ALND
(64 patients, 426 non-SLNs)
Routine examination
No bisection
- - Section to be examined by HE
Bisection
Section to be examined by HE
Cut for intraoperative pathological diagnosis
Section to be examined by HE

The present examination
Serial step section

.- Section to be examined by HE

Section to be examined by IHC
"~ Archival storage

FIG. 1 a Schematic presentation of the protocol of the present study.
b Schematic presentation of specimen preparation for routine
histopathological examination (upper and middle) and for the serial
step sectioning employed in the present study (lower)

In total, 176 SLNs (range, 1-4 nodes; mean, 1.65) from
the 109 patients were biopsied. Intraoperative frozen section
diagnosis of SLNs was routinely performed as follows: each
SLN was bisected from the hilum to the periphery, embedded
in OCT compound (Sakura Finetek Japan, Tokyo), snap
frozen, and cut into sections for histopathological diagnosis.
If the SLN was smaller than 2 mm in diameter, it was
embedded without bisection and subjected to frozen section
diagnosis. Residual SLN tissue was fixed in formalin,
embedded in paraffin, and sectioned for routine hematoxylin
and eosin (HE) staining. Dissected axillary lymph nodes
were formalin-fixed and paraffin-embedded without bisec-
tion and were sectioned for routine HE staining.

Of the 64 patients who underwent ALND, two showed
metastasis in non-SLNs, whereas the other 62 were free of
metastasis in non-SLNs by routine histopathological
examination. Each histopathological diagnosis was con-
firmed using routinely processed formalin-fixed, paraffin-
embedded sections of SLNs and non-SLNs by two
pathologists (HT and OM).
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Serial Step Sectioning of SLNs and Non-SLNs

All SLNs and non-SLNs were entirely cut into 5-pum
sections until residual tissue in the block disappeared, and
three serial sections at every 85-um interval for all lymph
nodes were used for the present histopathological and
immunohistochemical investigations. One of each set of
the three serial sections was stained by HE, another was
immunohistochemically with an anti-pancytokeratin anti-
body (AE1/AE3, Dako, Glostrup, Denmark), and the third
was stored as an archival specimen (Fig. Ib). HE staining
was manually performed. Immunohistochemistry (IHC) for
pancytokeratin was automatically performed using an
autostainer (Dako) based on the process of proteinase K
treatment through inhibition of the nonspecific peroxidase
reaction, incubation with the primary antibody, incubation
with Envision plus (Dako), and finally reaction with
3,3’-diaminobenzidine, according to the manufacturer’s
instructions. Counter-staining of the sections with hema-
toxylin was manually performed. All sections were
examined by H.T. with previous screening for all ITHC
slides by Y.O. The definitions of lymph node metastasis in
SLNs/non-SLNs were in accordance with the TNM clas-
sification, 7th edition, i.e., macrometastasis (pN1),
micrometastasis (pN1mi), and ITCs (pN()(i+)).Io

Patient Follow-Up

Patients were periodically examined at the National
Defense Medical College Hospital or affiliated hospitals.
The patients were observed every 3 months for 5 years and
every 1 year thereafter. Follow-up consisted of a complete
skin/lymph node evaluation, with laboratory and imaging
studies obtained as clinically indicated. Recurrence was
defined as positive findings by physical examination and/or
by imaging diagnosis. Date of first recurrence was defined
as the first notation in the medical record indicating the
nodal or distant recurrence. Vital status and cause of death
were obtained for every patient from the medical record,
direct patient/family contact, and correspondence with
referring physicians.

Statistical Analysis

The y* test and Fisher’s extract test were used to assess
baseline differences between binary variables. For DFS and
OS, Kaplan—-Meier methods were used to estimate survival
rates, and differences between survival curves were eval-
uated by the log-rank test. The P values <0.05 were
considered a significant result. Cox proportional hazards
models were used to assess the relative risk of occult
metastases by univariate and multivariate analyses. All
reported P values are two-sided, and confidence intervals

(CIs) are at the 95% level. All analyses were performed by
using SPSS version 11.0.1 (SPSS Inc., Chicago, IL).

RESULTS
Patient Population

The clinicopathological characteristics of the 109
patients are listed in Table !. Median age was 57 (range,
27-82) years. One patient died of gastric cancer, five of

breast cancer relapse, and 94 (86.2%) were disease-free at
the last follow-up. Median duration of follow-up was 86

TABLE 1 Clinicopathological characteristics of the 109 patients

Characteristic No. of cases (%)
(N = 109)

Age at operation (year)

<50 37 (34)

>50 72 (66)
Tumor size (cm)

Tis 10 (9)

<2 50 (46)

>2 49 (45)
Nuclear grade

1 20 (18)

2 44 (40)

3 41 (38)
Unknown 4(4)
Histological type

Invasive ductal 88 (81)

Invasive lobular 44

Other 17 (16)
No. of SLNs harvested

1 61 (55)

2 30 (28)

3 14 (13)

4-5 4 (4)
Axillary lymph node dissection

Yes 64 (59)

No 45 (41)
Type of surgery

Breast-conserving surgery 60 (55)

Mastectomy 49 (45)
Systemic adjuvant therapy

No therapy 35 (32)

Hormonal therapy 49 (45)

Chemotherapy 16 (15)

Both 9(®

SLN sentinel lymph node
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(range, 6—123) months. Only three patients (2.8%) were
lost to follow-up within 20-38 months after the operation.

Occult Metastases in SLN

Metastases were detected in 25 (23%) of 109 patients: 5
(20%) by routine permanent HE examination, 9 (36%) by
serial step HE section examination, and 11 (44%) by serial
step IHC sections. The largest cluster size of the occult
metastases was classified as pNOi+ in 8 (32%), pN1mi in
13 (52%), and pN1 in 4 (16%) patients. Among the clini-
copathological parameters, the presence of occult SLN
metastases was marginally correlated with pT-factor: 35%
(17 of 49) in pT2/pT3 cases and 13% (8/60) in pTis/pT1
cases (P = 0.06; Table 2). The occult SLN metastasis was
more frequently detected in cases with invasive lobular
carcinoma (3/4, 75%) than in those with invasive ductal
carcinoma (21/88, 24%; P = 0.15). There was no signifi-
cant association between pathological parameters and the

largest diameters of occult SLN metastatic foci (Supple-
mentary Table).

Occult Metastases in Non-SLN

Metastases were detected in 10 (16%) of 64 patients: 2
(20%) by routine HE examination, 3 (30%) by serial step
HE section examination, and 5 (50%) by employing serial
step IHC sections. Of these ten patients, four had occult
SLN metastases. The largest cluster size of the occult
metastases was classified as pNO(@i+) in two (20%), pN1mi
in five (50%), and pN1 in three (30%). The occult metas-
tases in non-SLN were more frequently found in the patients
with high-grade primary tumor (P = 0.039; Table 2). The
status of occult SLN metastasis did not significantly affect
the incidence of occult non-SLN metastasis (P = 0.27).
There was no significant relationship between pathological
parameters and the diameter of the largest non-SLN occult
metastatic foci (Supplementary Table).

TABLE 2 Correlations of

occult SLN and oceult non-SLN Parameter No. of cases (%) No. of cases (%)
metastasis with Total Occult SLN P Total (N = 109)  Occult non-SLN P
clinicopathological parameters (N = 109)  metastasis metastasis
Positive (%) Positive (%)
(n=125) (n = 10)
Age at operation (year)
<50 37 5314 023 17 3 (18) 1
>50 72 20 (28) 37 7(19)
Tumor size (cm)
Tis, <2 60 8 (13) 0.06 30 3 (10) 0.5
>2 49 17 (35) 34 721
Nuclear grade
1,2 64 13 (20) 0.55 36 2(5) 0.039
3 41 12 (29) 26 8 (31)
Histological type
Invasive ductal 88 21 (24) 0.15 53 9(17) 0.49
Invasive lobular 4 3 (75) 3 1(33)
No. of SLNs harvested
1 61 10 (16) 0.22
>2 48 15 (31)
Systemic adjuvant therapy
No therapy 35 7 (20) 087 35 3(9) 1.00
Therapy 74 18 (24) 74 7(9)
No. of lymph nodes dissected '
<8 38 3(8) 0.099
>8 26 7 (27)
Occult SLN metastasis
Positive 15 4(27) 0.27
Negative 49 6 (12)

SLN sentinel lymph nodes
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Survival Analysis

Disease-free survival and OS curves for occult SLN
metastasis-positive and negative patients are shown in
Fig. 2. The detection of occult SLN metastasis tended to be
associated with a reduced DFS rate (80 vs. 89.3%),
although the difference was not statistically significant
(P = 0.2). The DFS rate was highest (93.8%) in the sub-
group in which SLNs were negative for occult metastases
and ALND had been performed (—SLN w/ ALND), with
marginally significant difference from the subgroup with
occult SLN receiving ALND (+SLN w/ ALND;
P = 0.09). There was no difference between the subgroups
in which ALND was omitted with and those without occult
SLN metastases (++SLN w/o ALND vs. —SLN w/o ALND;
P = 0.8; Fig. 2a). OS for these subgroups did not differ
significantly (Fig. 2b).

The univariate analysis revealed that the histological
type of the tumor was associated with DES (Table 3). The
risk of recurrence was significantly higher in patients with
invasive lobular carcinoma (risk ratio, 5.0; 95% CI, 1.1-23;
P = 0.036) than in those with invasive ductal carcinoma. It
was significantly higher in patients with high nuclear grade
(risk ratio, 3.1; 95% CI, 1.1-9.4; P = 0.04) than in those
with low nuclear grade. Tumor size tended to be associated
with DFS rates, but the differences were not statistically

significant. Systemic adjuvant therapy was not correlated
with DEFS in the present series. No parameters were found
to be predictive of OS (Table 3). Because no patients died
in the group with tumors of grades 1 or 2 and invasive
lobular carcinoma, statistical analyses for OS were not
possible for these parameters.

When six parameters [age (<50 vs.> 50), invasive
tumor size (<2 cm vs. >2 cm), number of SLNs removed
(<8 vs. >8), nuclear grade (1, 2 vs. 3), histological type
(invasive ductal carcinoma vs. invasive lobular carcinoma
vs. others) and occult SLN metastasis (absent vs. present)]
were included in the multivariate analysis, nuclear grade
(grade 3, risk ratio, 3.5; 95% CI, 1.1-12; P = 0.04) and
histological typé (invasive lobular carcinoma, risk ratio,
6.7; 95% CI 1.4-32; P = 0.016) were identified as inde-
pendent risk factors for recurrence. None of the factors
examined, including occult SLN metastases, were associ-
ated with a significant reduction in OS.

DISCUSSION

The prognostic significance of occult SLN metastases
has been a source of ongoing debate.”™*! The conventional
HE examination underestimates metastatic involvement in
SLNs and non-SLNs, because only one or two central
cross-sections of the nodes are examined. In the present

a b
Proportion surviving Proportion surviving
10 e 5, 1.0 :
0.8 0.8
0.6 0.6
04 P-value 0.4 P-value
" ZSIN wio ATND 015 0087 T SN wieaLwp 1075 067
0.2 +SLN w/ ALND — 0.78 0.2 SLN w/ ALND 0.30
+SN wio ALND 093 ] SIN wio ALND 072 J
1 1 1 | | 1 ] ] I i 1 I | L
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Time after operation (months)

No. at risk (# of events)

+SLN/+ALND 12 (2) 8(3) 6(3) 1(3) 0(3)
~SLNAALND 44(2) 38(2) 27(3) 12(3) 0(3)
+SLN/~ALND  8(2) 7() 3(2) 0(2) 0(2)
—SLN/~ALND 32(3) 30(5) 26(6) 2(6) 1(6)

FIG. 2 a Disease-free survival curves for patient subgroups. The
subgroup without occult SLN metastasis that received ALND (—SLN
w/ ALND) (n = 49), the group with occult SLN metastasis that
received ALND (+SLN w/ ALND) (n = 15), the subgroup without
occult SLN metastasis in which ALND was omitted (—SLN w/o
ALND) (n = 35), and the subgroup with occult SLN metastasis in
which ALND was omitted (+SLN w/o ALND) (n = 10). The 10-year
DFS rate was highest (93.8%) in the —SLN w/ ALND subgroup, with
marginally significant difference between the +SLN w/ ALND and
—SLN w/ ALND subgroups (P = 0.087). There was no difference
between the +SLN w/o ALND and —SLN w/o ALND subgroups

Time after operation (months)

No. at risk (# of events)

+SLN/+ALND 12 (1) 8(1) 6(1) 1(1) o1
—SLN/+ALND 44(1) 38(2) 27(2) 12(2) 0(2)
+SLN/~ALND 8 (1) T(1) 3(1) o(1) [1X¢))
-SLN/~ALND 32(1) 30(1) 26(1) 2(1) 1()

(P = 0.78). There were no statistically significant differences among
these four subgroups (P = 0.33). b Overall survival curves for patient
groups. The subgroup without occult SLN metastasis that received
ALND (—SLN w/ ALND) (n = 49), the group with occult SLN
metastasis that received ALND (+SLN w/ ALND) (n = 15), the
subgroup without occult SLN metastasis in which ALND was omitted
(—SLN w/o ALND) (n = 35), and the subgroup with occult SLN
metastasis in which ALND was omitted (+SLN w/o ALND)
(n = 10). There were no statistically significant differences among
these four subgroups (P = 0.74)
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:;‘;]igclégafholl?gpﬁztl (\)/firiab les Variable ;F}\c;til 109) Disease-free survival Overall survival
and occult SLN metastasis on No. of RR P No. of RR P
DFS and OS, estimated by Cox recurrences  (95% CI) deaths (95% CI)
univariate analysis
Age at operation (year)
<50 37 3 { 1 1
>50 72 11 1.8 (0.51-6.6) 035 4 1.9 (0.21-17)  0.55
Tumor size (cm)
Tis, <2 60 1 1 1
>2 49 2.5(0.82-74) 0.1 4 52 (0.57-46) 0.14
Nuclear grade
1.2 64 1 0 2
3 41 3.1 (1.1-9.4) 004 5
Histological type
Invasive ductal 88 11 I 5 2
Invasive lobular 4 2 5.0 (1.1-23) 0.036 0
No. of SLNs harvested
1 61 1 3 1
>2 48 1.2 (0.43-3.6) 0.67 0.8 (0.13-4.8) 0.81
Axillary lymph node dissection
No 45 1 2 1
Yes 64 8 0.54 (0.18-1.6) 026 3 1.1(0.17-6.4) 0.94
Type of surgery
Breast-conserving 60 7 1 2 1
surgery
Mastectomy 49 7 1.3 (0.46-3.8) 0.6 3 1.9 (0.32-12) 0.46
Systemic adjuvant therapy
DFS disease-free survival; OS No therapy 35 5 ! ! !
overall survival: RR relative Therapy 74 0.86 (0.29-2.6) 0.79 4 1.8 (0.21-16) 0.58
risk; CI confidence interval; Occult SLN metastasis
SLN sentinel lymph node Negative 84 1 3 1
® Cannot be calculated because Positive 25 20 (0.67-6.0) 021 2 24 (0.39-14) 0.34

there was no event in one side

study, using a serial step sectioning method, we examined
the incidence and clinicopathological significance of occult
metastases, which have been overlooked by routine HE
examination in SLNs and non-SLNs.

To identify occult metastases in patients with pNO early
breast cancer, we employed a laborious method, examining
all serial step sections at every 85-pum interval for all SLNs
biopsied and non-SLNs dissected. Several groups of breast
surgeons have consistently advocated increasing the
detection rate of metastatic tumor cells in axillary lymph
nodes by additional sectioning and IHC staining of these
lymph nodes.'®*" For example, in the NSABP (National
Surgical Adjuvant Breast and Bowel Project) B32 and
ACOSOG (American College of Surgeon Oncology
Group) Z0010 trials, occult metastases were detected in
15.9 and 10.5%, respectively.”'*** In our study, occult SLN
metastases were detected in a total of 23% of patients (25/

109). This figure is higher than those mentioned above. The
discrepancy is probably due to differences in the methods
used for detecting ITC/micrometastasis.

We confirmed that invasive lobular carcinoma, high-
grade tumors, and pathological tumor size of more than
2 cm in the greatest diameter, indicating pT2 and pT3,
were significantly or marginally significantly correlated
with occult metastases. It is not surprising that metastatic
potential to axillary nodes could be supported by the bio-
logical features of the primary tumor.

In the present study with a median follow-up of
86 months, the presence of occult SLN metastases detected
by serial step sectioning with HE and IHC did not have any
impact on OS, regardless of back-up ALND, suggesting
that it could not be discriminatory predictor of patients’
prognosis. In some clinical trials, including NSABP B31
and ACOSOG Z0011, investigators have reported that the
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magnitude of difference in prognosis did not differ between
patients’ groups with and without detection of ITC and/or
micrometastasis.’>*! Our observations were consistent
with these previous study results. Occult SLN metastases
detected by employing serial step section did not appear to
influence on further axillary treatment.

The present study has limitations. This was a retro-
spective, single-institute study with a relatively small
patient cohort, and 68% (74/109) of our patients had
received adjuvant systemic therapies. Taking into consid-
eration the fact that detection of ITC/micrometastasis using
a serial step sectioning method was closely associated with
histological features of the primary tumor but no inde-
pendent factor of prognosis, the method does not appear to
be clinically useful for patients who receive SLN biopsy, in
whom systemic therapy can be recommended on the basis
of the baseline characteristics of the tumor.

CONCLUSIONS

Sentinel lymph nodes or non-SLN occult metastases
detected employing serial step sections at 85-pm intervals
using both HE and IHC did not appear to have significant
prognostic implications.
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Abstract It is often difficult to make a definitive diagnosis
of papillary breast lesions using core needle biopsy (CNB)
specimens. We studied loss of heterozygosity (LOH) on
chromosome 16q in order to assess its diagnostic use for
papillary breast lesions in CNB specimens. Of 25 patients
with intraductal papillary breast tumors, we extracted DNA
from paired samples of tumor cells from CNB specimens
and non-tumor cells from subsequent excision specimens
and analyzed LOH at the D16S419 and D16S514 loci on
chromosome 16q. LOH analysis results were compared with
final diagnoses based on pathological features of the
resected specimens. On the CNB specimens, 21 tumors were
histologically diagnosed as indeterminate or suspicious for
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malignancy, while four tumors were unambiguously malignant.
Of the 21 indeterminate or suspicious tumors, 11 were finally
diagnosed as benign and ten as malignant, and on these, LOH
analyses were informative for 8 of the 11 benign tumors and 7
of the 10 malignant tumors. LOH was also informative on two
of the four tumors unambiguously malignant on CNB. None of
the eight informative benign tumors showed LOH on 16q. Six
of the eleven informative malignant tumors showed LOH on
16g. LOH on 16q was significantly different between CNB
specimens of benign and malignant intraductal papillary
tumors (P=0.007). Analysis of LOH on 16q may be helpful
in making a definitive diagnosis in cases of papillary breast
lesions, in both excised and CNB specimens.

Keywords Loss of heterozygosity - Breast - Papilloma -
Papillary carcinoma - Core needle biopsy

Introduction

Preoperative diagnosis of intraductal papillary tumors of the
breast is challenging because of the difficulty of differenti-
ating intraductal papillary carcinoma from intraductal pap-
illoma. It is very difficult to diagnose the biological nature
of these tumors based on mammography and ultrasonogra-
phy, unless there is evidence of massive tumor invasion or
rapid growth. Although image-guided core needle biopsy
(CNB) is a highly reliable method of diagnosing breast
lesions, it is often difficult to differentiate between intra-
ductal papillary lesions based on routine pathological exam-
ination of CNB specimens. This difficulty arises because
intraductal papillary carcinomas tend to be well differenti-
ated, and CNB specimens do not always include a section
with pathognomonic features. Therefore, a final diagnosis
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can often be made only by histological examination of the
surgically resected specimen.

A number of genetic and chromosomal alterations have
been identified in sporadic breast carcinomas, and their
clinical implications have been investigated. Loss of hetero-
zygosity (LOH) on chromosomes 16q and 17p are frequent
in both invasive carcinoma and ductal carcinoma in situ
(DCIS), irrespective of differences in the histological types
and grades [1-8]. Several studies have reported a striking
difference in the incidence of LOH on 16q between DCIS
and intraductal papilloma [1, 5, 7] and have suggested that
analysis of LOH on chromosome 16q could be helpful in the
differential diagnosis of intraductal papillary tumors. In a
previous study, we used Southern blot analysis to examine
LOH on 16q in intracystic papillary tumors using DNA
isolated from frozen, paired, surgically resected samples of
tumor and non-tumor tissues [7]. More recently, we reported
a polymerase chain reaction (PCR)-based LOH analysis
technique using DNA isolated from paraffin-embedded
tumor samples [9, 10]. In the study we report here, we
used this PCR-based approach to assess its diagnostic
utility on CNB specimens of indeterminate or suspicious
intraductal papillary breast lesions.

Materials and methods
Samples

We selected tumor samples of 25 women with a preopera-
tive diagnosis of intraductal papillary breast tumor by
image-guided CNB, who had undergone surgical resection
between 2005 and 2008, from the pathology computer
database at the National Cancer Center Hospital, Japan.
Image-guided CNB had been performed under sonographic
guidance using either a 14-gauge needle or an 11-gauge
vacuum-assisted biopsy probe. Twenty-one tumors had been
diagnosed as indeterminate or suspicious for malignancy
based on the pathological features of the CNB specimens
and the lesions had been surgically resected for definitive
histological diagnosis. The remaining four tumors had been
unambiguously diagnosed as DCIS. The research protocol
was approved by the Ethics Committee of the National
Cancer Center Hospital, Japan. All patients gave written
informed consent for use of their specimens in the study.

Histological criteria of intraductal papillary tumors

The diagnosis of intraductal papillary tumor was based on
the presence of epithelial proliferations supported by fibro-
vascular stalks, with or without an intervening myoepithelial
cell layer [11, 12]. All of the hematoxylin and eosin (H&E)-
stained slides of the CNB and resected specimens were
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retrieved and reviewed for diagnostic consistency by the
authors using published criteria.

The Japanese reporting form for cytology and core needle
biopsy [13] was used to review the CNB specimens. This
reporting form records findings and a judgment of whether
the specimen is adequate or inadequate. Adequate speci-
mens are categorized as normal or benign, indeterminate,
suspicious for malignancy, or malignant.

Intraductal papillary tumors were diagnosed as benign or
malignant using the following histological criteria of cyto-
logical and structural features [11, 14]. Papillomas or benign
papillary tumors were diagnosed in cases showing an arbo-
rescent structure composed of fibrovascular stalks covered
by a layer of myoepithelial cells with overlying -epithelial
cells. Intraductal papillary carcinomas or malignant papillary
tumors were usually large papillary lesions (mean 2 cm, range
0.4-10 cm) located within a large cystic duct, with thin
fibrovascular stalks devoid of a myoepithelial cell layer and
a neoplastic epithelial cell population with characteristics of
low-grade DCIS. Cases of “papilloma with atypia” with focal
atypical epithelial proliferation and low-grade nuclei [15]
were categorized as indeterminate in CNB specimens and as
benign in resected specimens. For cases in which it was
difficult to distinguish between benign and malignant tumors,
the diagnosis was made by assessing the architectural features
and visualizing the myoepithelial cell layer with immunohis-
tochemical staining. Final diagnosis was made by pathological
examination of the excision specimens.

Microdissection of paraffin-embedded tissues and DNA
extraction

For all 25 patients, we extracted DNA from paired samples
of intraductal papillary tumor cells from CNB specimens
and non-tumor cells (normal mammary glands or lymph
nodes) from surgically resected specimens, as previously
described [9, 10]. Formalin-fixed and paraffin-embedded
tissue sections, 5 to 10 um thick, were cut using a micro-
tome. Sections mounted on PEN foil slides were deparaffi-
nized in xylene for 5 min (twice) and rehydrated using a
descending series of ethanol concentrations as follows:
100% for 30 s (twice), 95% for 30 s (twice), 70% for 10 s,
and distilled water for 10 s. The sections were stained with
Meyer’s hematoxylin, washed with water, and then stained
with eosin for 1 min (H&E stain). The slides were dehy-
drated with 100% ethanol, placed in xylene for 10 min, and
air-dried. Specific cells of interest were microdissected and
selected using a Leica LMD 6000 system in accordance
with the manufacturer’s instructions (Leica, Narishige
Micromanipulator, Wetzlar, Germany). The microdissected
cells were placed in 50 pl proteinase K solution (5 mg/ml
proteinase K in 10 mM Tris—HCI, | mM EDTA, pH 8.0, 1%
Tween 20) and incubated for 36-48 h at 55°C. The
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proteinase K was inactivated by incubating the samples at
95°C for 10 min, and then subjected to standard phenol-
chloroform extraction and ethanol precipitation in the pres-
ence of glycogen. The pellets were resuspended in distilled
water and the concentration was adjusted to 0.01 pug/ul. The
extracted DNA samples were stored at 4°C until further use.

Selection of polymorphic markers
The chromosomal regions and markers used were D16S419

(16q12.2) and D16S514 (16q21). The following primer
sequences were used for PCR amplification:

D16S419 Forward 5-ATTTTTAAG GAATGTAAA GNA CACA-3
Reverse 5-GAC GTT AGA CCA GGA GTC AG-3'

D16S514 Forward 5'-CTA TCC ACT CAC TTT CCA GG-3'
Reverse 5'-TCC CAC TGATCATCT TCT C-3’

We selected polymorphic markers located on chromosome
16q based on the following criteria: (1) the markers were
localized to regions with frequent DNA polymorphisms and

Allele 2 peak height (T) / Allele 1 peak height (T)
Allele 2 peak height (N) / Allele 1 peak height (N)
Allele 2 peak height (T) x Allele 1 peak height (N)

) Allele 2 peak height (N) x Allele 1 peak height (T)
3266 x 7891

_ 2749 x 8266

= 1.13(0.6 — 1.4) -

Fig. 1 Analysis of loss of heterozygosity (LOH) in an intraductal
papillary tumor (case 4). a Based on the pathological features of the
excised specimen, the tumor was diagnosed as intraductal papilloma. b
Electrophoretogram showing constitutional heterozygosity (alleles 1
and 2) at the D16S514 locus in non-tumor DNA. The horizontal axis
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with frequent LOH events reported in intraductal papillary
carcinomas, notably low-grade DCIS [1-5, 7, 16], and (2)
the amplified fragments were <250 bp, indicating that they
could be successfully amplified using DNA from formalin-
fixed tissues. Forward and reverse primer pairs for oligonu-
cleotide polymorphic markers corresponding to the sequences
retrieved from the UniSTS database (http://www.ncbi.nim.-
nih.gov/unists) were synthesized and purchased from
Perkin-Elmer (Applied Biosystems, Foster City, CA, USA).
The 5’ ends of the forward primers were labeled with
6-carboxyfluorescein (6-FAM).

PCR

Genomic DNA was PCR amplified in a 25-ul reaction
mixture containing 2 pl DNA solution corresponding to
20 ng genomic DNA, 0.4 pmol/ul of each primer, and 1x
TagMan Universal PCR Master Mix (Applied Biosystems)
using a GeneAmp® PCR system 9600 (Applied Biosys-
tems). The typical PCR cycling conditions included 2 min
incubation at 50°C and 10 min denaturation at 95°C, fol-
lowed by 40 cycles at 95°C for 15 s and 60°C for 1 min. An

100 110
D16S514 B
4000 : Non-tumor
(N)

0%, R _

100 110 120 130
D16S514 C
Tumor

4000 (T)
O e M

indicates the size of the DNA fragments (bp), and the vertical axis
indicates signal intensity. ¢. Electrophoretogram showing retention of
heterozygosity (alleles 1 and 2) at the D16S514 locus in tumor DNA.
The axes are the same as in b
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elongation step at 72°C for 10 min was added to the final
cycle. Aliquots of the PCR products were then mixed with
size standard and formamide, denatured, and run on an ABI
3130 automated capillary electrophoresis DNA sequencer
(Applied Biosystems). The quantity and the quality of the
DNA fragments amplified by PCR were confirmed by aga-
rose gel electrophoresis. As a positive control, we used
DNA isolated from formalin-fixed, paraffin-embedded
tissues of five breast carcinomas in which LOH on 16q
had already been detected by Southern blot analysis of
fresh frozen tissues [17]. As a negative control, PCR was
performed without template DNA.

Assessment of allele loss

The amplified products were assessed for peak height and
area using Gene Mapper software (version 3.7; Applied
Biosystems). Non-cancerous DNA samples with two differ-
ent amplified bands were defined as informative cases for
LOH analysis. The presence of LOH was determined in
accordance with the manufacturer’s criteria. LOH was con-
sidered to exist if the ratio of the peak heights, which was
calculated with the following formula, was <0.6 or >1.4:

Allele 2 peak height (T) / Allele 1 peak height (T)

Allele 2 peak height (N) / Allele 1 peak height (N)

Allele 2 peak height (T) x Allele 1 peak height (N)

Allele 2 peak height (N) x Allele 1 peak height (T)

760 x 8161
4052 x 8530
0.18(< 0.6, 1.4 <) —

Fig. 2 Analysis of loss of heterozygosity (LOH) in an intraductal
papillary carcinoma (case 15). a Based on the pathological features
of the excised specimen, the tumor was diagnosed as intraductal
papillary carcinoma. b Electrophoretogram showing constitutional
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[peak height of the affected allele (allele A) of the tumorx
peak height of the unaffected allele (allele B) of normal
cells]/[peak height of allele A of normal cells xpeak height
of allele B of tumor cells] (Figs. 1 and 2) [17]. If the ratio of
the peak height was 0.6 and 1.4 according to the formula,
the case was judged to have retention of heterozygosity or
absence of LOH.

When the results were questionable, PCR amplification
and LOH analysis were performed at least twice to obtain
equivalent results. Results were considered non-informative
when the normal tissue was constitutionally homozygous
and were not evaluated when the tissue lysates were not
amplified, that is, PCR was unsuccessful. When either
D16S419 or D16S514 showed LOH, the tumor was consid-
ered to have LOH. The LOH analysis results were compared
with the final diagnoses based on the pathological features
of the surgically resected specimens.

Statistical analyses
The x* test was used to determine differences between the

benign and malignant groups of intraductal papillary
tumors. Differences of P<0.05 were considered statistically
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significant. PASW statistics 17 (SPSS, Inc., Chicago, IL,
USA) was used for all statistical analyses.

Results

Of the 21 indeterminate or suspicious intraductal papillary
tumors, 11 were finally diagnosed as benign and 10 as malig-
nant by microscopic examination of surgically resected speci-
mens (Table 1). The first clinical sign was nipple discharge in
8 (38%) and a palpable mass in 4 (19%) of the 21 cases.
Sonographic findings of the papillary lesions included a well-
defined solid mass in nine cases (43%), a cystic lesion with
solid components in five (24%), and duct dilatation with solid
components in seven (33%). Multiple papillary lesions were
found in seven cases (33%). The median tumor size on imag-
ing was 1.9 cm (range 0.6—4.0cm). There were no significant
differences in clinical or imaging findings between lesions
finally diagnosed as malignant on excisional biopsy specimens
and those finally diagnosed as benign (Table !). Thirteen
(62%) of the 21 lesions were biopsied using a 14-gauge needle,
and 8 (38%) were biopsied using an 11-gauge vacuum-assisted
biopsy probe. The type of percutaneous biopsy was not corre-
lated with postoperative conversion of histopathological
diagnosis.

Table 2 shows the final histological diagnoses and 16q LOH
results of CNB specimens for each of the 25 intraductal

Table 1 Clinical and imaging findings in papillary breast lesions

Final histological
diagnosis

Total Benign  Malignant P value

m=21) (n=11) (n=10)

First clinical sign

Nipple discharge 4(19%) 1 3 0.14
Palpable mass 8 (38%) 4

None 9 (43%) 6 3

Sonographic findings

Well-defined solid mass 9 (43%) 4 5 0.31
Cystic lesion with solid 4 (19%) 2 2

components

Duct dilatation with 8 (38%) 5 3

solid components

Mean tumor size on 1.9+1.0 1.8%1.0 2.1+1.1 0.49

imaging (cm) (0.6-4.0) (0.6-3.0) (0.6-4.0)
Number of lesions on imaging

Multiple 7 (33%) 2 5 0.14
Solitary 14 (67%) 9 5

Method of percutaneous biopsy

Core needle biopsy 13 (62%) 8 5 0.27

(14-gauge)

Vacuum-assisted biopsy 8 (38%) 3 5

(11i-gauge)

Table 2 Final histological diagnoses of surgically resected specimens
and 16q loss of heterozygosity (LOH) analysis results in core needle
(CNB) specimens of papillary breast lesions

Case no.  Final histological diagnosis Retained alleles on 16q
D165419 D16S514

1 Benign o o

2 Benign o o

3 Benign u] NI*

4 Benign o o

5 Benign NE® NI

6 Benign ul u)

7 Benign n} NI

8 Benign NE m]

9 Benign NE NI

10 Benign o NI

11 Benign MSI¢ NI

12 Malignant ] -]

13 Malignant NI NI

14 Malignant NI NI

15 Malignant NI

16 Malignant

17 Malignant

18 Malignant NI MSI

19 Malignant

20 Malignant

21 Malignant . NI

22 Malignant (positive control) NE NE

23 Malignant (positive control) NI

24 Malignant (positive control) NI

25 Malignant (positive control) NI NI

Filled square loss of heterozygosity (LOH); empty square constitu-
tional heterozygosity

NI : not informative (constitutional homozygosity) NE® : not evaluated
(PCR was unsuccessful)

MSI®: microsatellite instability

papillary tumors. Eight of the 11 benign tumors were informa-
tive, and none of these cases showed LOH on 16q. Nine of the
14 malignant tumors were informative, and these showed
frequent LOH on 16q. Out of the total of 25 papillary tumors,
seven were considered non-informative (constitutional
homozygosity) and one was not evaluated after PCR was
unsuccessful. As representative results, case 4 in which 16q
LOH was negative is shown in Fig. 1 and case 15 in which
16q LOH was positive is shown in Fig. 2. Case 4 was finally
diagnosed as papilloma based on the pathological features
of the resected specimen. Figure b, ¢ show two peaks of
alleles in both the non-tumor and tumor DNA. The ratio of
allele 2 peak height to allele 1 peak height in the tumor
DNA divided by the ratio in the normal DNA was 1.13.
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Therefore, this tumor was considered negative for LOH on
16q. On the other hand, case 15 (Fig. 2) was histologically
diagnosed as low-grade DCIS or intraductal papillary car-
cinoma in the surgically resected specimen. Figure 2b, ¢
shows a difference in the allele 2 peak heights between the
normal and tumor DNA, and the ratio of allele 2 peak height
to allele 1 peak height in the tumor DNA divided by the
ratio in the normal DNA was 0.18. Therefore, this tumor
was considered positive for LOH on 16q.

As shown in Table 3, 6 of the 11 (55%) informative
malignant tumors showed LOH on 16q, whereas LOH was
not detected in benign tumors. The incidence of 16q LOH in
CNB specimens of intraductal papillary tumors was signif-
icantly different between benign and malignant tumors
(P=0.007). Of three malignant tumors which were negative
for LOH on 16q, two were histologically diagnosed as intra-
ductal papillary carcinoma associated with papilloma in the
surgically resected specimens.

Discussion

The aim of this study was to evaluate the use of LOH on
chromosome 16q to make a final diagnosis in case of an
indeterminate or suspicous intraductal papillary tumor in a
CNB specimen. We found a statistically significant differ-
ence in the incidence of 16q LOH between of benign and
malignant intraductal papillary tumors on CNB specimens.
The results of the present study suggest that analysis of
LOH on 16q may be helpful for making a definitive diag-
nosis of an indeterminate or suspicious papillary breast
lesion in CNB and surgically resected specimens.

In our previous studies, we examined LOH on 16q in
intracystic papillary tumors by Southern blot analysis using
frozen tissue samples [3, 5] and determined that the inci-
dence of LOH on 16q is strikingly different between cases
of DCIS and papilloma [i, 7]. In the present study, we

performed PCR-based LOH analysis using DNA isolated
from formalin-fixed, paraffin-embedded samples from CNB
specimens of intraductal papillary tumors. Although we
used a different technique and different type of samples than
in previous studies, we show that the incidence of 16q LOH
1s significantly different between CNB specimens of benign
and malignant intraductal papillary tumors.

In the present study, LOH was detected at either16q12.2
or 16g21 in 6 of 11 malignant tumors (55%), whereas LOH
was not detected in histologically benign tumors. Similarly,
our previous data on intracystic papillary breast tumors
showed that 12 of 17 intracystic papillary adenocarcinomas
(71%) had LOH on 16q, whereas none of 11 intraductal
papillomas had this genetic alteration [1]. Di Cristofano et
al. [5] documented LOH at locus 16q23.1-16q24.1 in 7 of
11 malignant samples (63.6%), whereas none of the four
informative benign samples appeared to be altered. Taken
together, LOH on 16q has high specificity and positive
predictive value for the diagnosis of malignancy in intra-
ductal papillary tumors of the breast.

None of the benign papillary lesions we examined in any
of our studies, including the eight papillomas in the present
study, revealed LOH on 16q. In contrast, Di Cristofano et
al. [S] found LOH on 16q in benign papillary lesions, with
LOH at locus 16q21.1-16q22.2 detected in both malignant
and benign lesions, and at 169q23.3-16q24.1 detected only
in malignant lesions. Based on these results, the authors
concluded that these differences might be due to the use of
the novel molecular marker D16S310 which targets
16q21.1-16922.2, which putatively contains a tumor sup-
pressor gene involved in the genesis/progression of breast
carcinomas.

We propose that the differences between results can be
explained by the cellular heterogeneity of the intraductal
papillary lesions. Atypical proliferative breast lesions are
thought to be precursors of breast carcinomas and have
frequently been shown to have LOH on 16q [1§, 19].

Table 3 Incidence of loss of heterozygosity (LOH) on 16q in core needle biopsy (CNB) specimens of papillary breast lesions

Number of cases (%)

Final histological diagnosis - Chromosome 16q Total P-value
LLOH Const1tut10?al (Informative)
heterozygosity
Benign 0 ©0) 8 (100) 8
0.007
Malignant 4 57 3 43) 7
Malignant (positive control) 2 (100) 0 ) 2
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Atypical proliferative lesions and carcinomas are considered
to be clones and probably originated from a field within
these clones [19]. “Atypical papilloma” or “papilloma with
atypia” is defined as papilloma with a proliferation of epi-
thelial cells that have cytological and architectural features
consistent with atypical ductal hyperplasia (ADH). Page et
al. [15] further refined these terms and used atypical papil-
loma when the ADH focus involved 3 mm or less of the
papillary lesion and the term minor DCIS lesion when the
atypical focus involved more than 3 mm of the papillary
lesion. These definitions were applied to the surgically
resected specimens in the present study. In contrast, Tavassoli
[20] suggested using the term atypical papilloma if the area
of ADH occupies less than 33% of the papillary lesion, and
the term carcinoma arising in a papilloma when the area of
ADH occupies 33-90% of the papillary lesion. The ratio of
atypical epithelial cells to total epithelial cells may have
influenced the LOH analysis results.

Papillary lesions in CNB specimens are diagnosed as
benign, atypical (indeterminate), suspicious for malignancy,
or definitely malignant based on their pathologic features.
Papillary lesions which are histologically diagnosed as def-
initely malignant must be treated as breast carcinomas.
Papillary lesions with atypia, i.e., lesions that are histolog-
ically diagnosed as indeterminate or suspicious for malig-
nancy in CNB specimens, need to be resected to determine
if there is a more significant lesion [21]. Based on the results
of our study, we propose that papillary lesions in CNB
specimens that are histologically diagnosed as indeterminate
or suspicious for malignancy and show LOH on 16q should
also be treated as carcinoma. However, absence of LOH on
16q occurred in both papillomas and papillary carcinomas,
and the predictive value of absence of LOH for a benign
lesion was only 73%. In lesions in CNB judged as indeter-
minate or suspicious for malignancy, absence of LOH on
16q therefore has no diagnostic significance.

It is still controversial whether lesions diagnosed as pap-
illoma without atypia by CNB need to be resected. From a
pathological review of 19 papillary lesions with postopera-
tive conversion from nonmalignant to malignant, Cheng et
al. [22] concluded that the causes of diagnostic conversion
were borderline atypical lesions (47%), sampling problems
(32%)), interpretation errors (16%), and an inadequate sam-
ple (5%). Based on the results of the present study, we
cannot give clear guidelines for the management of papillo-
mas without atypia based on LOH on 164, but we consider
that analysis of LOH on 16q in CNB specimens with an
adequate amount of tumor tissue could reduce interpretation
errors and be helpful in determining whether a papilloma
without atypia needs to be resected.

The following limitations of the present study are worth
discussing. First, results of analysis of LOH on 16q are not
sufficiently sensitive for detection of malignancy. Absence

of LOH cannot guarantee a benign lesion. Second, the
number of cases examined in the present study is small.
Third, we did not consider the possibility of intratumor
heterogeneity, e.g., cases of carcinoma arising within papil-
loma. To our knowledge, this is nevertheless the first report
which confirms that the incidence of LOH on 16q is signif-
icantly different between CNB specimens of benign and
malignant intraductal papillary tumors. In conclusion, anal-
ysis of LOH on 16q may be helpful in making a definitive
diagnosis in cases of papillary breast lesions, in both excised
and CNB specimens.
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