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inducing the contact between the epithelium and the
vaginal mesenchyme.” The persistent embryonic Miil-
lerian epithelium develops into tuboendometrial-type
adenosis.! About 25% of the DES-exposed offspring
suffer from gross structural malformations of the
cervix, including cervical hypoplasia, transverse
vaginal septa and obliteration of the vaginal fornices.?
Adenosis is thought to be the precursor of CCA,
because adenosis is detected around the CCA in more
than 90 % of the cases.”? However, because the vaginal
CCA is also rare in DES-exposed women, DES is sup-
posed to be a teratogenic factor rather than a carcino-
gen.'? Some other susceptible factors are thought to be
necessary for the oncogenic transformation, such as
genetic factors and hormonal factors.”? Namely, DES
might behave like a teratogen and induces the persis-
tence of embryonic Miillerian epithelium, cervical and
vaginal structural abnormalities and adenosis forma-
tion. Afterward, with some other factors the adenosis
develops into CCA.

In DES-unexposed women, adenosis may arise con-
genitally? in correlation with genitourinary tract
anomalies, or postnatally. Smith ef al. reported eight
adenosis in vaginal septum out of 23 patients with
obstructed hemivagina with ipsilateral renal
anomaly.”® On the contrary, Goodman et al. reported
postnatal adenosis appeared after trauma to the
vagina."* Microscopically, adenosis of both DES-
exposed and DES-unexposed are identical.’® In addi-
tion, in DES-unexposed women, adenosis is thought
to develop into CCA due to the presence of some
other susceptible factors the same as in DES-exposed
women.

In our case, when the congenital anomalies devel-
oped due to some mechanisms other than DES-
exposure, the persistence of the embryonic Miillerian
epithelium might occur and adenosis might form in
the vaginal septum. Thereafter, adenosis transformed
to vaginal CCA due to some other factors. In addition,
the rare metanephric duct remained instead of the
ureter and mesonephric remnant also remained in the
specimen. Although there is a case report of adenocar-
cinoma originated from metanephric remnant? it is an
extremely rare case. It is unlikely for our case, because
we could not detect any evidence suggesting the tran-
sition from the metanephric remnant to CCA. As for
mesonephric remnant, it is unlikely an origin of the
CCA because of the topographical disagreement,
similar to the cases Kaminski etal. reported.® We
speculate that the vaginal CCA was developed as a
result of congenital anomalies of the genitourinary
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tract without prenatal DES-exposure. However, Ott
et al. concluded that congenital malformations and a
CCA might be a fortuitous occurrence and other
mechanisms should be considered.* Our speculation is
just a hypothesis, and further accumulation of the
similar cases is therefore necessary to investigate
whether vaginal or cervical adenocarcinoma coexists
with such anomalies by chance or as a result of such
anomalies.
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Predictors of recurrence in breast cancer patients with a
pathologic complete response after neoadjuvant chemotherapy
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BACKGROUND: Although a pathologic complete response (pCR) after necadjuvant cheriotherapy is associated with favourable
outcomes, a small proportion of patients with pCR have recurrence. This study was designed to identify factors predictive of
recurrence in patients with pCR. :

METHODS: A total of 449 breast cancer patients received neoadjuvant chemotherapy, and 88 evaluable patients had a pCR, defined as
no evidence of invasive carcinoma in the breast at surgery. The clinical stage was Il in 61 patients (69%), lll in 27 (31%). All patients
received taxanes and 92% received anthracyclines. Among 43 patients with HER2-positive tumours, 27 received trastuzumab.
Cox regression analyses were performed to identify predictors of recurrence.

RESULTS: Median follow-up was 46.0 months. There were |2 recurrences, including 8 distant metastases. The rate of locoregional
recurrence was |10.4% after breast-conserving surgery, as compared with 2.5% after mastectomy. Multivariate analysis revealed that
axillary metastases (hazard ratio (HR), 13.6; P<0.0001) and HER2-positive disease (HR, 5.0; P<0.019) were significant predictors of
recurrence. Five of six patients with both factors had recurrence. Inclusion of trastuzumab was not an independent predictor among
patients with HER2-positive breast cancer.

CONCLUSION: Our study results suggest that HER2 status and axillary metastases are independent predictors of recurrence in patients

with pCR.

Published online 6 july 2010
© 2010 Cancer Research UK

Neoadjuvant chemotherapy is a widely accepted treatment not only
for locally advanced breast cancer, but also for earlier-stage operable
disease (van der Hage et al, 2001; Bonadonna et al, 1998; Bear et al,
2003). Mauri et al (2005) performed a meta-analysis of clinical trials
comparing patients who received preoperative chemotherapy with
those who received postoperative chemotherapy. Death, disease
progression, and distant recurrence were equivalent in both the
arms. The main advantages of neoadjuvant chemotherapy included
the evaluation of the in vivo chemosensitivity of tumours in
individual patients; minimisation of micrometastases; and surgical
downstaging of tumours, allowing breast-conserving surgery (BCS)
to be performed in patients who might have otherwise required a
mastectomy. However, the survival advantage of neoadjuvant
chemotherapy appears to be negligible (Fisher et al, 1997;
Bonadonna et al, 1998; Kuerer et al, 2001; Wolmark et al, 2001).
In several studies, a pathologic complete response (pCR),
defined as the absence of invasive tumour in the breast only or
in the breast and axilla, correlates with a far lower risk of
subsequent recurrence, as well as with improved overall survival
(Fisher et al, 1997, 1998; Bonadonna et al, 1998; Morrell et al, 1998;
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Kuerer et al, 1999; Chollet et al, 2002). Thus, efforts have been
made to increase pCR rates by using more effective drugs and
treatment regimens (Smith et al, 2002; Buzdar et al, 2005); the
achievement of pCR has become the primary end point of many
clinical studies.

Although a pCR is associated with favourable outcomes in
most patients, some patients with pCR have disease recurrence.
Previous studies have reported 5-year recurrence rates of 13~25%
(Fisher et al, 1998; Morrell et al, 1998; Kuerer et al, 2001; Wolmark
et al, 2001). Only a few studies have examined predictors of
recurrence in patients who have a pCR to neoadjuvant treatment
(Ring et al, 2004; Gonzalez-Angulo et al, 2005; Guarneri et al,
2006). We therefore retrospectively analysed predictive factors of
recurrence in patients with breast cancer who achieved a pCR after
neoadjuvant chemotherapy. ’

PATIENTS AND METHODS
Patients

This was a retrospective study of 88 evaluable patients with
primary breast carcinoma who had a pCR after receiving neo-
adjuvant chemotherapy at National Cancer Center Hospital, Tokyo
between 1996 and 2006. The follow-up period was completed
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in December 2008. The locoregional or distant recurrences were
evaluated on physical examination, or by radiological imaging.

Histopathology

All patients were confirmed to have invasive carcinoma histo-
logically by core needle biopsy. Surgical specimens were sectioned
at 7- to 10-mm thick slices, and the pathological response was
evaluated by pathologists specialised in breast pathology. The
histologic type of the primary tumour was classified according to
the General Rules for Clinical and Pathological Recording of Breast
Cancer, The Japanese Breast Cancer Society (2004). The histologic
grade of the tumours was classified according to the Elston -Ellis
classification system (Elston and Ellis, 1991). The patients’ levels of
oestrogen receptor (ER, 1D5; Dako, Glostrup, Denmark), proges-
terone receptor (PgR, 1A6; Novocastra, Newcastle Upon Tyne,
UK), and HER?2 (HercepTest, Dako) were measured by immuno-
histochemical (IHC) analysis of paraffin-embedded tissue speci-
mens. Oestrogen receptor and PgR were classified as positive if
more than 10% of cancer cell nuclei were stained, regardless of the
staining intensity. HER2-positive status was defined as IHC (3 +);
more than 10% of cancer cells markedly positive, or positive
results of fluorescence in situ hybridisation (FISH) for HER2
amplification, that is, a HER2/CEP17 signal ratio of 2.0 (Vysis
Pathvysion; Abbott, Chicago, IL, USA). IHC (2+) tumours, in
which more than 10% of cancer cells were moderately positive,
were excluded from the analysis without performing FISH test.

A wide range of criteria have been used to define pCR, and a
consensus has yet to be reached. In this study, pCR was defined as
no evidence of invasive carcinoma in the breast at the time of
surgery in line with the criteria of the National Surgical Adjuvant
Breast and Bowel Project B-18 (Wolmark et al, 2001) and the
recommendations of Sataloff et al (1995). Because the presence or
absence of residual ductal carcinoma in situ (DCIS) after preope-
rative therapy does not influence long-term rate of local recurrence
or overall survival (Mazouni et al, 2007), we included patients with
residual DCIS in the category of pCR.

Treatment

Neoadjuvant chemotherapy was indicated in patients with clinical
stage II or III primary breast cancer whose tumours were larger
than 3cm. Although the potential benefits of adding taxanes to
anthracycline-based regimens remain controversial in terms of
long-term outcomes (Bear et al, 2006), regimens combining
anthracyclines with taxanes, either sequentially or concomitantly,
are widely used. In this study, neoadjuvant chemotherapy
regimens included (1) four cycles of doxorubicin (DOX,
50 mgm™2) and docetaxel (DTX, 60mgm™2) (AT), followed by
additional adjuvant treatment with two cycles of AT or four cycles
of intravenous cyclophosphamide, methotrexate, and 5-fluoro-
uracil (CMF); (2) four cycles of fluorouracil (500 mg m™?)/epirubicin
(100 mg m™?)/cyclophosphamide (600 mgm™2) (FEC) along with
12 weekly cycles of paclitaxel (80mgm™2); (3) four chles of
doxorubicin (60 mgm ?)/cyclophosphamide (600 mgm™?) (AC)
along with 12 weekly cycles of paclitaxel (80 mgm™); (4) twelve
weekly cycles of paclitaxel (80 mgm™) only; and (5) four cycles of
AC along with four cycles of DTX (60 mgm™2), After November
2002, patients with HER2-positive tumours received trastuzumab
(initially 4mgkg™" followed by 2 mgkg™" weekly) in combination
with paclitaxel for 12 weeks. Trastuzumab was not administered
post-operatively because it had not been approved for use in an
adjuvant setting in Japan until 2007.

As for breast surgery, patients underwent either mastectomy
(n=40) or BCS (n=48). Axillary lymph node dissection or
sentinel lymph node biopsy alone was additionally performed.
The decision to perform BCS was based on the ability to remove
residual disease completely with optimal cosmetic results; patient
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preference was also considered. Twenty-one patients (24%)
received adjuvant endocrine therapy including tamoxifen, anas-
trozole, or both drugs for 5 years if either the pre-treatment biopsy
specimen or the surgical specimen obtained after chemotherapy
was positive for ER or PgR. We defined surgical margin positive if
the tumour cells were directly exposed to the margin.

Postoperative radiotherapy was administered to 60 patients (68%)
who had either undergone BCS or had locally advanced disease. The
radiotherapy protocol was as follows: after mastectomy, patients with
clinical stage III disease received radiotherapy, delivered in 2Gy
fractions to chest wall and axilla (total dose 50 Gy). After BCS, all
patients received radiotherapy, delivered in 2 Gy fractions to the breast
(total dose 50 Gy). A booster dose was delivered to the tumorectomy
bed if the surgical margin was positive. Regardless of the surgical
methods, patients with four or more positive axillary lymph nodes
received radiotherapy, delivered in 2Gy fractions to subclavicular
region (total dose 50 Gy).

Clinical significance of locoregional recurrence after
neoadjuvant chemotherapy

The impact of locoregional recurrence (LRR) survival after
neoadjuvant chemotherapy on survival remains poorly under-
stood. However, patients with LRR after adjuvant chemotherapy,
especially those with ER-negative tumours, have substantially
worse outcomes regardless of axillary node status (Wapnir et al,
2006; Anderson et al, 2009). Among patients who achieved a pCR
in neoadjuvant setting in our study, the ER-negative rate was
73% and higher than that of patients in adjuvant settings. This
suggests the LRR after neoadjuvant chemotherapy might be
a negative prognostic factor. '

Statistical analysis

Statistical analyses were performed using SAS, version 9.2
(SAS Institute Inc., Cary, NC, USA). The log-rank test was used
to identify predictive factors associated with recurrence after the
achievement of pCR. Then, variables with P-values of <0.20 on
univariate analysis were included in the multivariate models.
Multivariate analysis with a Cox proportional-hazards model was
used to identify independent predictors in all 88 patients. Models
were selected by stepwise forward analysis, retaining variables
significant at the ¢ =0.05 level for the final model. The Kaplan-
Meier product-limit method was used to compute recurrence-
free survival according to the number of predictive factors.
Recurrence-free survival was measured from the date of initial
diagnosis to the date of recurrence (including LRR) or the last
follow-up visit. In addition, the relations of recurrence to
clinicopathological factors in the 43 patients with HER2-positive
tumours were also evaluated. A Cox proportional-hazards model
including variables with P-values of <0.05 on univariate analysis
was used to identify independent predictors of recurrence.

RESULTS

Characteristics of patients with relapse

Of 449 patients with breast cancer who received neoadjuvant
chemotherapy, 88 (20%) evaluable patients were identified as
having a pCR. The median follow-up was 46 months (range,
8-115). Table 1 shows the patient and tumour characteristics.
The median age was 54.5 years (range, 29-78). The median
diameter of the primary breast tumour was 45.0mm (range,
25-130). All patients received taxane-based chemotherapy, and
92% also received anthracycline-based therapy.

A total of 12 patients (13.6%) had tumour recurrence (Table 2).
All recurrences were diagnosed within 32 months after initial diag-
nosis. Seven patients died of breast cancer within the follow-up

© 2010 Cancer Research UK



period. Among the six patients who had LRR, five had received
BCS as primary surgery, and four had DCIS after neoadjuvant
chemotherapy. LRR occurred in 5 of 48 patients (10.4%) after BCS,
as compared with only 1 of 40 patients (2.5%) after mastectomy.

Predictive factors for recurrence in all 88 patients
with pCR

The results of univariate analysis of predictive factors for
recurrence are shown in Table 3. Variables tested for inclusion
in the multivariate model were axillary lymph node metastasis at
surgery, HER2 status (positive vs negative) and stage (III vs II).
"After controlling for these factors, axillary lymph node metastasis

Table | Patient characteristics

All patients (N = 88)

Characteristic No. of patients

Age, years

<50/>50 33/55
Clinical stage

IHAMNIB,IIC 6171879
Pre-treatment pathology

Invasive ductal/lobular/mucinous/others 85/1/1/1
Nuclear grade

1/2/3/unknown 2/24/61/1
Hormone receptor status

ER or PgR positive/both negative 23/65
HER?2 status

Positive/Negative 43/45

Neoadjuvant chemotherapy
FEC —weekly padlitaxel ( * trastuzumab)
AC —weekly paclitaxel ( = trastuzumab)

31 (16 with trastuzumab)
30 (8 with trastuzumab)

AT (doxorubicin + docetaxel) 19
Weekly paclitaxel (* trastuzumab) 7 (3 with trastuzumab)
AC — docetaxel |

Surgery

Mastectomy/Breast-conserving surgery 40/48

Abbreviations: FEC = fluorouracil + epirubicin + cyclophosphamide; AC = doxorubicin -+
cyclophosphamide; PgR = progesterone receptor.

Table 2 Characteristics of patients with recurrence

Predictors of recurrence in patients with pCR
M Tanioka et al

(hazard ratio (HR), 13.6; 95% CI, 4.6-63.3; P<<0.0001) and HER2-
positive disease (HR, 5.0; 95% CI, 1.3-19.3; P<0.019) remained
significant independent predictors of recurrence (Table 4).
According to the number of independent risk factors (HER2-
positive disease and axillary lymph node metastasis) for recurrence,
the 5-year recurrence-free rate varied between 94.4% for no factor
(n=36), 89.1% for 1 factor (n =46), and 0% for 2 factors (n=6).

Predictive factors for recurrence among 43 patients with
HER2-positive disease :

Among 43 patients with HER2-positive breast cancer who had a
PCR, 27 received trastuzumab. The results of the univariate
analysis of predictive factors for recurrence are shown in Table 3.
Variables tested for inclusion in the multivariate model were
axillary lymph node metastasis at surgery, inclusion of trastuzu-
mab, and stage (III). After controlling for these factors, only
axillary lymph node metastasis (HR, 74.6 (8.0-692.9); P<0.0001)
remained a significant independent predictor of recurrence.

DISCUSSION

Because a small proportion of patients with breast cancer have
recurrence after achievement of a pCR, prediction of the risk of
recurrence has an important role in postoperative management.
Our multivariate analysis of all 88 patients with a pCR showed that
axillary lymph node metastasis and HER2-positive disease were
independent predictors of recurrence. Five of the six patients with
both of these factors had recurrence after achieving a pCR in our
study. Such patients may benefit from additional postoperative
therapy and not be optimal candidates for clinical trials with pCR
as the primary end point.

Although pCR in this study was defined as no evidence of
invasive carcinoma only in the breast, the trial of the University of
Texas MD Anderson Cancer Center pCR criteria requires not only
complete response of the primary lesion but also the disappear-
ance of axillary metastasis (Green et al, 2005). We also performed
Cox regression model analysis of 73 patients who satisfied the MD
Anderson pCR criteria (results not shown). On univariate analysis,
tumour diameter (> 50 mm) and grade (3) had P-values of <0.20.
However, no factor was independently significant in the multi-
variate analysis. The reasons for the differences in the results
according to the definitions of pCR were the smaller sample size,
the smaller number of recurrences (only five recurrences), and the
elimination of the large influence of axillary lymph nodes on
recurrence.

Initial diagnosis

Operative information

State at recurrence

No. Age Tumour diameter HER2 ER or PgR Ax. M. DCIs BCS LRR Distant M. Brain M. RFS
| 39 90 - - - - - - + + 8
2 33 52 - + - - + - + - 26
3 62 55 + - - - + + + - 26
4 29 35 + + - + + + + - 30
5 58 42 + - - - + + + - 32
6 55 65 + - + + - - + - 32
7 63 49 + - + + - + - - 18
8 36 34 - + + - - + - 20
9 49 30 + - + + - - + - 21

10 56 25 + - + + + + - - 21

I 50 55 + - + - + - + + 29

12 71 60 - - + + + + - - 32

Abbreviations: Ax. M.=axillary lymph node metastasis; M.=metastasis; BCS = breast-conserving surgery; RFS=recurrence-free survival (months); LRR = locoregional
recurrence; ER = oestrogen receptor; PgR = progesterone receptor; HER2 = human epidermal growth factor 2; DCIS = ductal carcinoma in situ.
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As expected, histopathological lymph node status was a strong
predictor of recurrence in patients who had a pCR of their primary
tumours. In contrast, HER2 status was found to be a predictor of
recurrence for the first time. Gonzalez-Angulo et al (2005) studied
predictive factors for distant metastasis in 226 patients with pCR.
Although HER2 positivity was not a significant predictor of
distant metastasis, HER2 status was unknown in 58% of the
patients, and only 5% received taxane-based chemotherapy.
Interactions between HER2 status and paclitaxel have been reported
in an adjuvant setting, especially among patients with ER-negative
tumours (Hayes et al, 2007). In our exploratory study, HER2 status
was assessed by IHC or FISH analyses in all patients, the ER- or
PgR-positive rate was low (26%), and all the patients received
taxane-based therapy. The combination of these factors may have
contributed to the identification of HER2 positivity as a significant
independent predictor of recurrence after the achievement of a pCR.

Table 3 Univariate analysis of predictive factors for recurrence

Buzdar et al (2005, 2007) and Gianni (2008) reported the results
of randomised trials of trastuzumab given with neoadjuvant
chemotherapy to patients with HER2-positive breast cancer,
and the pCR rate was significantly higher than that in the control
arm. However, there are only a few, small randomised trials

Table 4 Multivariate analysis of predictors of recurrence (all 88 patients)

Characteristic HR P-value 95% Cl
Axiflary lymph node metastasis 13.6 <0.0001 46-633
HER2-positive disease 50 0019 1.3-193

Abbreviations: HR = hazard ratio; Cl = confidence interval; HER2 = human epidermal
growth factor receptor 2.

All patients (N = 88)

HER2 positive (N=43)

Characteristic No Patients with recurrence (%) P-value No. Patients with recurrence (%) P-value
Age

>50 years old 55 10.9 28 7.9

<50 years old 33 18.2 028 15 20 0.83

Tumour diameter

> 50mm 30 200 12 250

<50mm 58 10.3 022 31 16.1 0.44
Clinical stage

i 61 9.8 - 30 133

ii 27 222 0.09 13 308 0.11
ER or PgR

Positive 23 130 9 (N

Negative 65 138 0.87 34 206 045
HER2

Positive 43 18.6

Negative 45 9.1 0.19
Nuclear grade

3 6l 145 28 214

-2 26 1.5 071 IS 133 049
Type of chemotherapy :

Anthgacycline + taxane 81 3.4 39 180

Taxane based 7 286 0.38 4 250 091
Type of chemotherapy

With trastuzumab 27 ) 74 27 74

Without trastuzumab 6l 164 0.28 16 375 0015
Surgery

Mastectomy 40 125 21 238

BCS 48 14.6 0.84 23 136 048
Residual DCIS

Present 39 154 23 217

None 49 122 0.65 20 150 050
No. of LNs examined

<10 15 147 7 143

>10 73 137 0.93 36 19.4 0.79
Axillary LN status

Node positive I5 46.7 6 833

Node negative 73 69 <0.001 37 8.1 <0.001

Abbreviations: ER = oestrogen receptor; PgR = progesterone receptor; HER2=human epidermal growth factor receptor 2; pCR== pathological complete response;

BCS = breast-conserving surgery; DCIS = ductal carcinoma in situ; LN = lymph node.
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of neoadjuvant trastuzumab, and so far no study has shown that
neoadjuvant trastuzumab can improve overall survival (Rowan,
2009). Indeed, in our study, the pCR rate in patients with HER2-
positive breast cancer who received neoadjuvant chemotherapy
with trastuzumab was 50% (27 out of 54), which was much higher
than that for the study group as a whole (20%, 88 out of 449).
However, the inclusion of trastuzumab was not a significant
predictor of recurrence on multivariate analysis. This is partly
_ because trastuzumab was not administered post-operatively. The
optimal duration of trastuzumab in neoadjuvant and adjuvant
setting should be confirmed prospectively in randomised trials.
The demand for BCS is expected to rise as the reported rate of
PCR after BCS increases. However, LRR rates after BCS in patients
who received neoadjuvant chemotherapy in previous studies have
varied from 2.6 to 22.6% (Mauriac et al, 1999; Rouzier et al, 2001;
Peintinger et al, 2006). This wide variability has led to uncertainty,
and the benefits of BCS have been questioned. Objective evaluation
of the safety and effectiveness of BCS has been precluded by the
small numbers of patients who have achieved a pCR, different
criteria for determining whether BCS is indicated, and different
treatment regimens. Mauri et al (2005) performed a meta-analysis
of clinical trials comparing preoperative with postoperative
chemotherapy. Although the proportion of patients with distant
recurrence was equivalent in both arms, LRR was more frequent
in the preoperative chemotherapy arm, with an HR of about 1.2.
In our study, most cases of LRR occurred after BCS, and the
proportion of patients with LRR was 10.4% after BCS, as compared
with only 2.5% after mastectomy. Our study results suggest that

REFERENCES

Anderson S], Wapnir I, Dignam JJ, Fisher B, Mamounas EP, Jeong JH,
Geyer Jr CE, Wickerham DL, Costantino JP, Wolmark N (2009)
Prognosis after ipsilateral breast tumor recurrence and locoregional
recurrences in patients treated by breast-conserving therapy in five
natjonal surgical adjuvant breast and bowel project protocols of node-
negative breast cancer. J Clin Oncol 27: 2466 -2473

Bear HD, Anderson S, Brown A, Smith R, Mamounas EP, Fisher B,
Margolese R, Theoret H, Soran A, Wickerham DL, Wolmark N (2003)
The effect on tumor response of adding sequential preoperative
docetaxel to preoperative doxorubicin and cyclophosphamide: prelimin-
ary results from National Surgical Adjuvant Breast and Bowel Project
Protocol B-27. J Clin Oncol 21: 4165-4174

Bear HD, Anderson S, Smith RE, Geyer jr CE, Mamounas EP, Fisher B,
Brown AM, Robidoux A, Margolese R, Kahlenberg MS, Paik S, Soran A,
Wickerham DL, Wolmark N (2006) Sequential preoperative or post-

operative docetaxel added to preoperative doxorubicin plus cyclophos-

phamide for operable breast cancer: National Surgical Adjuvant: Breast
and Bowel Project Protocol B-27. J Clin Oncol 24: 2019 -2027

Bonadonna G, Valagussa P, Brambilla C, Ferrari L, Moliterni A, Terenziani M,
Zambetti M (1998) Primary chemotherapy in operable breast cancer: eight-
year experience at the Milan Cancer Institute. J Clin Oncol 16: 93-100

Buzdar AU, Ibrahim NK, Francis D, Booser D], Thomas ES, Theriault RL,
Pusztai L, Green MC, Arun BK, Giordano SH, Cristofanilli M, Frye DK,
Smith TL, Hunt KK, Singletary SE, Sahin AA, Ewer MS, Buchholz TA,
Berry D, Hortobagyi GN (2005) Significantly higher pathologic complete
remission rate after neoadjuvant therapy with trastuzumab, paclitaxel,
and epirubicin chemotherapy: results of a randomized trial in human
epidermal growth factor receptor 2-positive operable breast cancer.
] Clin Oncol 23: 36763685

Buzdar AU, Valero V, Ibrahim NK, Francis D, Broglio KR, Theriault RL,
Pusztai L, Green MC, Singletary SE, Hunt KK, Sahin AA, Esteva F,
Symmans WF, Ewer MS, Buchholz TA, Hortobagyi GN (2007)
Neoadjuvant therapy with paclitaxel followed by 5-fluorouracil,
epirubicin, and cyclophosphamide chemotherapy and concurrent
trastuzumab in human epidermal growth factor receptor 2-positive
operable breast cancer: an update of the initial randomized study
population and data of additional patients treated with the same
regimen. Clin Cancer Res 13: 228-233

© 2010 Cancer Research UK

Predictors of recurrence in patients with pCR
M Tanioka et al

even after achieving a pCR, patients should be carefully followed
up for LRR after BCS.

This study was retrospective and lacked a sufficient number of
patients with recurrence after the achievement of a pCR to allow us
to make firm. recommendations for a given treatment option.
Despite these limitations, some tentative conclusions can be
drawn. First, our retrospective analysis showed that HER2-positive
disease and axillary metastasis were independent predictors of
recurrence after the achievement of a pCR at the primary site in
response to neoadjuvant chemotherapy. This finding suggests that
patients with HER2-positive disease and axillary metastasis may be
candidates for more aggressive adjuvant therapy even after the
achievement of a pCR, but this assumption must be confirmed in
future clinical trials. Second, the inclusion of trastuzumab in
regimens for neoadjuvant chemotherapy might not be predictive
of recurrence, even though the rate of pCR among patients
who received trastuzumab was much higher than that among all
patients who received neoadjuvant chemotherapy. Third, the rate
of LRR was higher after BCS than after mastectomy. Patients who
undergo BCS should thus be closely followed up for LRR.
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Nuclear Grading of Primary Pulmonary
Adenocarcinomas

Correlation Between Nuclear Size and Prognosis
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Kaojf Tsuta, MD*; Ryota Tanaks, MO, Masafumi Okada, MDS; Tomoyuki Goya, MD": and Masayuki Noguchi, MD?

BACKGROUND: According to the World Health OrganiZation. Classification of Tumors, the: prognostic valie of mor~
phometric cytologic atypia has niot beer assessed in pulmonary adenocarcmoma METHODS: Primary tumors of 133
pu!monary adenocarcinomas <2 ¢m Wwere aralyzed using an image processor for anaiytlcai pathblogy. Thé resuits
were evaluated using receiver operator charactenstec curve anaiysxs and survrvai curVes were drawn by the Kap an-
‘Meier method, Furthermare, f ¢ )

thie nuclear factors-relative to the size of smaﬁ lympho es as @ standard RESULTS' By usmg the nuclear area and
nuclear major axis dimension, lung adenocarcinomas wetre divisible into 2 groups show;ng fextreme!y favorab!e prog-
nosis and fairly favorable prognosns ‘witheut- consxdermg histological featires « !
<B7-um? was correlated: with-longer survival P < 0007, and the S-year survwal;rafe was 90.4%. m:larr‘y. a niiclear
diameter Jevel of <0.7 um was correlated with longer survival (P =..0002), and the B-year survival rate was 88.6%.
The mean (4standard deviation [SDD) value of the kappa statistic for the 4 pathologists who evaluated the.cases
using the size of small lymphocytes as a standard wds 0.58 £-0.10, and the mgan (£SDy value of the accuracy metric
was 0:66 % 0:10. CONCLUSIONS: Nuclear ared and nuclear major dimension are 2 useful independent markers for
evaluating the prognoesis of Iung adenocarcinoma. Cancer 2010;116:2011-9, © 2070 American Cancer Socicty.

KEYWORDS: nuclear-grading, prognosis, pulmonary adenocarcinoema, nuciear ared; nuclear diameter,

IN continuously dividing normal cells, the cell constituents increase in a progressive and precise manner during the cell
cycle phases to avoid any progressive reduction of daughter cell size. Therefore, cell growth and proleczanon are tighily
coordinated and subjected to organized biological processes to-ensure the generation of normal cells.! In-cancer cells, how-
ever, these tightly coordinated processes are perturbed, and the nuclei of most cells in solid tumors vary in size, shape, and
chromatin pattern, both in'comparison with normal niiclei and also among cancer cells.” The features of such morpho-
logic changes in‘the nucleus have not been explained in terms of conventional concepts of nuclear structure:and theories of
‘carcinogenesis. However, in various cancers such as breast cancer, nuclear atypia has been used clinicopathologically to
-evaluidte malignancy.

Lunig caricet is the most common. cancer wotldwide (12 6% of all tew cancers; 17.8% of cancer deaths) Ainiong
thie histologic types of nonsmall cell carcinoma of the lung, adenocarcinoma has a poor pregnosxs, Recently, surgical
treatiient ‘of small-sized. penphc—:ral lung carcinomas; especially adenocarcinotia, has increased in parallel with improve-
ments in diagnostic radiology.* N oguchi et al’ examined many surgically resected adenocarcinomas of the lungat an early
stage, and proved that sonie adenocarcinomas have a very favorable prognosis. According to their criteria, localized bron-
chioloalveolar carcinoma (BAC, type A) and localized BAC with alveolar collapse (type B) are defined as in situ adenocar-
cinoma, and localized BAC with foci of active fibroblastic proliferation includes minimallyinvasive adenocarcinoma (type
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C). Type C tumors include adenocarcinomas showmg
various prognoses; and there are no
be used o distinguish mini aily invasive carcinomas
from type C tumors:

Conversely, the World Health Organization
(WHO) Classification. of Tumors of the Lung, Pleuta,
Thynus, and Heart: states that for evalyation: of malig-
nangy, “Grading of pulmonary adenocarcinomas is based
on conventional histological criteria, including the extent
to which the architectural ‘pattern-of ’th‘e"tezmor‘ resembles
normal lung tissue, and cytologic atypia.” ? In other
words, maligriant grading depends on the degree of differ-
-entiation, mcludmg variations-in. hrstoioglcai architectute
and cell atypia. The judgment of histological differentia-
tion is difficult. Although the WHO classifies 4 major his-
tological subtypes on the basis of timor differentiation; it
does not define histological differentiationitself. The eval-
uation of cell atypia is also difficuly, and there are no
objective definitions of cell atypia in tumor cells of lung
adendcarciorna, Purtherniore; txsmg the WHO ¢lassifi-
cation, itis not possible to distinguish minimally invasive
adenocarcinomas from invasive caiicers. Nuclear .mor-
phometry is.a method for quantitative measurement of
histopathologic changes in the appearance of stained cell
nuclei. Some studies have iidicated that sich assessments
may provide clinically relevant information related to the
degree of pro‘gr“ess'ion and malighant potential of various
cancers.5"? In the present study, we performed nuclear
morphometry and tried to use the results for exuacting
minimally:invasive adenocarcinomas.

MATERIALS AND METHODS

Patients

Primary tumors: were obtained from 139 patients with
pt‘xlm‘ehaﬁy adenoearcinomas. €2 cm in maximunt dimen-
sion who were treated surgically during the period
between January 1993 and December 2000. These
patients underwent surgical resection of their tumors
along with mediastinal and pulmonary hilar lymph node
dissection at the National Cancer Center Hospital, To-
kyo, Japan. Inforiied consent for specimen collection was
obtained from all patients. Moreover, none of the patients
selected had recéived neoadjuvant or adjuvant chemother-
apy or radiotherapy before-or after surgery. Six patients
subsequently died of causes other than lung carcinoma,

The study focused on a series of 133 patients, excluding

these 6 patients.

2012

Tissue Specimens and Pathologic Information
The resected specimens were fixed with 10% w0 15%
neutral buffered formalin at rooin temperature, and then
embedded in paraffin for histologic examination. All of
the sections (4 pm thick); inchiding the largest eut surface
of the wimor, were stained with hematoxylin and eosin

and ‘elastica van Gieson and examined by light micros-

copy. Tumors were classified according to- the criteria of

the WHO International Histological Classification of
Tumors and also the histological criteria proposed by
Noguchii et al.”> Microscopically, the diagnosis was per-
formed by 3 pathologists (Y.N., .M., M.N.). If 2 or
miore opinions coincided, the dmgnosxs was considered to
be fixm. All patients gave informed consent for specimen
collection. The small-sized lung adenocarcinomas were
classified histologically as described previously (Table 1).
Lung tumors of types A, B, and C show replacement
growth of the pulmonary alveolar structure, whereas those
of types'D, E, and F show nonreplacement growth. This
staging was evaluated according to- the International
Union Against Cancer TNM Classification of Malignarit
Tumors (fifth.edition).

Morphometric Procedure

An Image Processor for Analytical Pathology (Sumitomo
Technoservice Co., Osaka, Japan) svas used for morpho-
metric analysis.of nuclear size (nuclear area, nuclear major
axis didmeter [nuclear diameter]; and nuclear roundness).
The system was connected to-a BX50 microscope (Olym-
pus; Japan). The instrument was calibrated with a micro-
meter slide before each measurement. All measurements
wete performed on the monitorscreen using a x40 objec-
tive and a % [0 video ocular, We chose tumor areas with
the largest available ‘uclei for morphometric investiga-
tion. On-examining the sections for selection of fields, tu-
mor cells from the most cellular area at the centei-of the
tamor were selected. Necrotic and inflammatory areas

‘were avoided, and overlapping nuclei were omitted. Five

microscopic fields were screened, 10 cells per field were
selected, and SO cells per tumor were measured. The
nuclearprofile area measurements were assessed by tracing
the nuclear membrane using the computer mouse. Fifty
nuelei:of the tumor cells in each specimen were measured
using a computer software package .G,PAP—'\VIN Version
3 O Sumika’ ch}moservice Co, Os‘akz;, }Eips‘m) In each

ter., nuclear penm_etex, ami nucicar. -r,our_xdness) was uscd
for evaluation. The picture on the comiputer monitor cap-
tured from histologic specimens was manipulated. As a
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Table 1. Patient Characteristics

Characteristics No. of Patients
No. of patients 133
Sex {men/woimen): §4/69
Mean ageSD, y (farige) 60.4:£0:8 (38-82)
Mean tumor sizes:SH, mm.(range} 15:8:+3:4 {6-20)
‘Tumor classification

1 12

T2 7

T3 4.

T4 10
Lymph node status

NO 80

N1 i8

N2 24

N3 1
‘Pleuaral invasion

PO g8

P1 24

P2 8

P3. 3
Stage

1 {({A71B) 86 (83/3)

I (IAIEB) 20 {1674)

1 ({HAiB) 26 (17/8)

v 1
WHO histological classification

BAC ’ 25

Mixed subtypes 86"

Acinar 1

Papillary 5

Solid 16.
Noguchi classification

‘Type A/B/C 12/14/66

Type D/EF 27/8/6
Type of resection

Lobectomy 126

Pnéurnonectomy 2

Segmeritectomy 4

1

Wedge resection

SD indicatés standard deviation; 'WHO, Warld Health Organization; BAC,
brénchioloalveolar carcinoma.

result, the nuclel were identified and measured using the
computer software (Fig. 1a-f).

Interobserver Variabifity and Accuracy

of the Nuclear Factors.

Weapplied the:morphological results to routine histologi-
cal diagnosis using ‘the size of small lyniphocytes as a
standard. Sixty patients were-randomly selected from this
series of 133 patients. A tumor cell was judged to be posi-
tive if its nuclear area and nuclear diameter were 5x and
3x larger chan the corresponding values for small lym-

‘Cgncer  April 15,2010,

Figure 1. (a, ¢,-¢) Histology of small:sized adenoccarcinoms of
the ling is shown (H & E; o‘r’igina! magnification, x 400). (b; d,
f) Karyometric analysis using an Image Procéssor for Analyh-
ca Pathofogy is shown,. The riucieus in the-€arcinoma cell was
picked up from the field in each panel. The red area repre-
sents -the nucleus, Morphometry ‘was. performed on each
area. (a, b) A type A tumor using Noguchi classification is
shewn: (¢, d) A type Citumor using the Nbguchi classification
is shown. (&,.f) A'type D tumor using the Noguchi classifica-
tioh is shown,

phocytes, respectively. A field with >5 positive cells was
considered to be a positive field. If there were >3 positive
fields, we considered the case to be positive. Any case that
did not meet all of these requiremients was judged to be
negative. In general, cases with critical nuclear area levels
of 367 pm?® tended to be positive, and cases with critical
nucledr area levels <67 pm?® tended to be negative. Four

patholegists (M.N., .M., H.K,, and K.S.) evaluated all

60 cases indeperidently and divided the specimens into 2

groups (positive cases and negative cases). The kappa sta-

tistic value. was used for nuclear grading among the 2

groups (positive cases and negative cases) berween the 4

pathologists,

Statistical Analysis

Analysis of the correlation between clinicopathologic fea-
tures'and nuclear size was performed using F test, Studerit
# test, and Tukey test. Evaluation of the cutoff point for
nuclear size was perfb‘rmed using receiver operating
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Figure 2. Receiver operating characteristic curves of mean
nuclear size (nuclear-area [NAT, nucléar major axis dimension
[ND], nuclear roundness [NR], and nuclear penmeter (NP
are.shown for the diagnosis of malignant stricture. AUC indi-
&ates the area under the curve; ‘SE, standard error; Cl, .confi

dence interval.

characteristic (ROC) curve analysis. The survival curves
were drawn by the Kaplan-Meier method. Overall sur-
vival was calculated from the date of primary surgery for
lung tumors to the date of death or last follow-up. The
cusves were evaluated by the log-rank test (P = ,05). The
independent staging factors for pulmonary adenccarcino-
mas were evaluated by multivariate analysis for nuclear

size. Interobserver variability and accuracy were evaluated

using. kappa' statistics, Data were censored when paﬁcnta
were-lost to follow-up. All analyses were performed using
SPSS statistical softwatre (version 12.0; SPSS, Chicago,
.

RESULTS

Clinical and Histological Findings

The most relevant clinicopathologic features are listed in
Table 1. The tunirors were classified according to the his-
tological criteria proposed by Noguchi eval.® Follow-up
was, complete for all patients up to January 2005 and
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Figure 3. Five- -year tecurrence-free survival rates are shown
for all patients, assmed usmg the cntlcat nuc!ear size. (8) A

ranged from 8 to 150 months (mean;, 79.8; median,
84.1). Theoverall 5-year survival rates for stages I, II, and

T were 91.9%, 75.0%,; and 38.5%, respectively.

Morphometric Analysis and Outcome

Mean (%standard deviation [SD]) Va!ues of nuclear size pa-
rameters were: nuclear aréa64 %+ 17 pt’ (range, 34-130),
nuclear diameter 10.3 == 1.3 pim (range, 7.4-14.6),and nu-
clear roundness 0.860 & 0.016 (range, 0.812-0.893). The
ROC curve analysis showed thata cutoff nuclear area level
of 67 jum? had a sensitivity and specificity of 75% and 70%,
respectively (area under the curve [AUC,0.756; 95% con-
fidénce interval [Cl), 0.66-0.85) (Fig. 2). The nuclear
dimension level of 10.7 jim had a sensitivityand specificity
of 75% and 65%, respectively (AUC, 0.739; 95% ClI,
0.64-0.83) (Fig. 2). The mean nuclear areaand nuclear di-
ameerwere significantly higher in patients with malignant
strictare. However, the AUC for nuclear roundness was

Cancer  april 15, 2010
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Table 2. Distribution of Clinicopathiclogic Features and Nuclear Size

Factor NA
<67 pm?
Pathologic stage
Stags 85 21
Stage 211 : 14 33
* Tumor classification
T4 74 38
2T2 & 16
Lymph node $tatus
No. 67 23
=N1 12 31
Pleural invasion v
PO 68 30
2P1 11 o4
'WHO histological classification _
BAC 25 o
Mixed subiypés 48 40
Solid, acinar, papillary 8 14

Noguchi classification®

TypesAand B 25 i
Type C. 38 28
Types D, E, and F 16 2%

287 pm?

ND

P <10.7 pm 210.7 ym P

<.0001 60 26 <.0001
18 31

£.0001 71 4 <0001
5 16

<.0001 82 28 <.0001
14 29

<.600% 64 34 001
12 23

<0001 24 - 1 <.0001

254 45 41 149
7 15

001 25 1 <.0001

.104 36 30 119
15 26

NA-indicates nucledr area: ND, nuclear major axis dimension; WHO, World Heaith Organization; BAC, bronchialoalveclar catcinoma.

*Table adapted-from Noguchi et’al:

£0.6(95% CI,0.48-0.68) (Fig.2). The Kapian-Menex sur-
vival curves showed that the 5-year survival rate of* pat{ems,
whose tumor cells had a mean nuclear aréa 6f <67 pm? was
90.4% (Fig. 3a). Conversely; the corresponding survival
rate of those with tumor cells having a mean hudear:a;ea of
>67 wn? was 57:7%. A nuclear atea of 67 pm® was
correlated with shorter survival (P < .0001), S’i’m‘i‘}arly
the 5-yeat survival rate of patients whose tumor.cells had a
mean nuclear diameter of <10.7 pum was.88.6% (Fig. 3b).
The corresponding survival rate of patients with tamor
cells having a mean nuclear diameter of 210.7 fim was
61.8%. A nuclear diameter of >10:7 [tm was correlated
with shortersurvival (P = .0002). The dlinicopathological
characreristics. and the nudear size El;ucléar area and nu-
clear diameter) were compared in Table 2. All prognostic
factors reported before, such as pathological stage; tumor
classification (T :stage), lymph node merastasis, pleural
invasion, WHO histologicdl. cfassiﬁcanon, and Noguchi’s
classification, were significan lyassociated wn;h thenuclear
size (riuclear aréa and nuclear diameter). Then, we-pet-
formed multivariate anaiysis fo determine the facrors con-
tribucing most significantly to. the 5-year recurrence-free
survival rateising Cox regression analysis. It demonstrated
that nuclear areawas 1 of the 4 significant;prognostic fac-
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tors including pleural invasion, tumor classification, and
lymphnodestatus (P=.037) (Table 3).

The data from morphometric analysis were then
compated with the WHO classification (Table 4, Fig. 4).
The mean (iS‘D)’ value of nuclear area was 48 + 9 ;z'mz"i'n
BAG, 68 48 pm? in the papillacy subtype, 82 4 20 um®
in the solid subtype, and 65 % 15 jun” in the mixed sub-
type. The nuclear areas of BAC tumior cells were signifi-
cantly smaller than those of the other subtypes except for
the-acinar subtype, and the nuclear areas of solid tumeor
cells were significantly larger than those of other subtypes
except for the acinar subtype (Fig. 4). The mean (£SD)
value of nuclear diameter was 9.1 == 0.9 um in BAC, 10.8.
+ 0.8 pm in the papillary subtype, 11.4 & 1.3 pim in the
solid subtype, and 10'5 & 1.2 pm in the mixed subtype.
The mean nuclear diameter of BAC tumor cells was sig-
nificantly smaller than that of the other sub‘&ypcsex,cc:pt
for the acinar subtype, and the nitclear diameter of solid
tumor cells was larger than that of the other subtypes
except for the acinar subtype. The S-year survival rate for
all 133 patients was 78.2%. Conversely, the correspond-
ing rates for patients with BAC (n = 25), the solid subtype
{n = 16), and the mixed subtype (n = 86) were 100%,
75%, and 70.9%, respectively (Table 4).
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Table 3. Multivariate Cox Regression Analysis of Pathological Staging Factors

Variable P

Nudiear drea; =67 P vs <67 ppm? 037
Pleural invasion: PO vs P1-3 046
Tumer classification: T1 vs 212 010
Lymiph node status: NO vs >N1 001

Relative Risk 895% Cl
6.35 0.13-0.94
2.49 1.02:6.12
0.31 0.12-0:76
0.20 0.08-0:50

Cl.indicates confidence interval.

Table 4. Nuclear’
With 5-Year Survival Rate

Size of Histologic Typing in Patients With Small Adenocarcinoma of the Lung

Type No. of NA, P ND, P 5-Year
Patients Mean +8D, Mean£SD, Survival,
pm® um Y%
Acinar 1 53 9.6 -
Papilfary 5 6818 029 10.:840.8 014 100
BAC 25 AB:£9 <:0001 91409 <,0001 100
Solid 18 82420 <.0001; 114413 <.0001; 75
vs BAC; vs BAG,
<0001 <0001
Mixed Subtypes 86 6515 10.5%1.2 71

NA indicates nuclear area; SD, standard deviation; ND, ruclear ‘major ‘axis. dimension; BAC, bronchidloaiveolar

carcinoma.

Adapted- from World Health-Organization Classification-of Tumors

The data obtained by morphometric analysis were
then. compared with Noguchi’s classification (Table 5,
Fig. 5). The-mean nuclear area of type A tumors (mean &
SD, 47 & 7 pm?) was similar to that of type B tumors
{mean =+ SD; 51 £ 15 pm?), whereas the mean npuclear
area of type C tumors. (meéan £ 8§D, 63 & 15 '}im?‘)" was
significantly larger than that of types A and B tumors
(mean = $D, 49+ 12 pm?) (P < .0001). In addition, the
nuclear area of type D tumors (mean & SD, 77 + 18
1m?) was sigriificantly larger than that of type € tumors
(P = .002). The mean nuclear diameter of type A tumors
{(mean = SD, 8.9 0.6 pim) was similar to that of type B
wmors (9.4 4+ 1.4 im), whereas'the mean nuclear diame-
ter of type C tumors (mean = S, 104 £ 1.2 fm) wis
significantly larger than thatof types A-and B tumors (9.2
+ 1.1 pm) (P < .0001). The 5-year survival rates of
patients with type C tumors (n'= 66) and nonlepidic-type
tumors. (typcs D, E, 'md F) {n = 41) were 72.3% and
73.2%, respectively (Fig. 6). The S-year sutvival rate for
patients with types A and B tumors (n = 26) was 100%.
The results of morphometric analysis were compared
between 2 different histological groups: lepidic-type
tumors (tgpes A, B, and C) and nonlepidic-type twmors
(types D; E,and. E). The nuclear area of nonlepidic-type
LUMmors (mean i SD 73 i 17 Ltm ) was sagmﬁcandy

.....

16 ;lmz) (P < 0001), and the nuc!ear diam{:ter of nonEe~

2016

1004,

80

Muglear Area:um?

60

20

BIG (25) Mzﬁdin?es). Fardtery 8) S (a6

YHO classification

P Gty

Figure 4: ‘A hox plot of the nuclear area in -all patients is

shown, classified accordmg to the World Health Organization
(WHO) classification. ‘BAC indicates bronchioloalveolar
carcinema.

pidic-type tumots (mean & SD, 11.0 = 1.2 pim) was sig-
nificantly larger than that of lepidic-type tumors (mean =+
SD, 10.0 £ 1.2 um) (P< .0001).

Interobserver Vatiability and Accuracy
We then attempted to'apply-our results to routine histo-
logical diagnosis. As the rean (£SD) values of nuclear
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Type No. of NA, P
Patients Mean+SD
p.m
Lepidic type
A 12 ATET 008 (A-C)
B 14 51415
Ie] 66 6315
Noniépidic type
D 27 77418 002 (Vs C)
E 8 8710
E 6 64315
Types.A and B. 26 49£12 <0001
Type C 66 63415 005
Types.D, E, aiid F 41 73417
Lepidic type 92 5916 <0001
Nonlepidic type 41 7317

ND, P 5-Year Log-Rank
Mean+SD Survival, % P
am

89406 001 {AC). 160

94%1:4 100

10,4512 73

11.241.2 034 {vs Q) 70

10.720.9 75

103413 83

9.2:41.1 <.0001 100 .018
104412 035 73

11,012 73

10.0£1.2 <.0001 80 .288
11.0£1.2 73

NA indicate_ nuclear areay SD, standard deviation:ND, nuclear niajor axis dimension.

Adapted from Neguchlet:ak®

140.

O

Niclear Area um?
3

TypeE =9}
FineF (8):

TapeAp=12) TypeC (=66)
TitaB 4 Tl (v=2T)

Noguchi's classification,

Figure 5. A box plot of the nuclear area in all patients i
shown, classified according to:the Noguichi classification.

sizé parameters of small lymphocytes were nuclear area. 14
+ 4 pm? and nuclear &iaméter 3.9 = 0.03. {im, the critical
nuclear-area level of 67 pm ‘was.approximately 5x larger
than that of lymphocytes,® and the critical nuclear diame-
ter level of 107 pm was apprommateiy 3% larger, The
mean (£SD) value of the kappa statistic for the 4 patholo-
gists was 0.58 £ 0,10 (mnge, 0.47-0. 76} and the mean
(:£SD) walde of the accuracy nietsic was 0.66 & 0.10
(range, 0.56-0.80).

DISCUSSION
In 1987, the potential role of merphometry insurgical pa-
thology was reported by Paplanus et al,” who indicared
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Figure 6. The S5-year recurréncesfree survival ratés of all
patietits is shewn; classified according to the modified Nogu-
chi classifieation with 3 subtypes: types A and B (n = 26),
type C only.(n'= 66), and nonlepidic type Gypes D, E, and F;
=41

that morphometry could ‘be specifically helpful for 1)
identifying mialignant cells in lesions thatare largely com-
posed of apparently benign cells (eg, follicular thyroid
neoplasms), 2) defining reference points in apparent con-
tinua (eg, in the progression from normal colon tissue to
adenoma to aderiocarcinoma), 3) distinguishing between
benign and malignant lesions with similar appearances
(eg, fibromatosis and soft tissue fibrosarcoma), and 4) dis-
tinguishing between malignant neoplasms of a similar
appearance (eg, small-cell carcinoma of the lung and
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small-cell lymphonia). M:my studies have performed
quantitative assessment of nuclear morphometry. in pul-
imonary malignant tumors as an adjunct to the diagnostic
and prognostic work of pathologists.>'%” '3 However, no
study has established prognostic cutoff points based on
nucléar moiphology. Of course, a small fraction of tumor
cells in S-G2 phase may show a larger nuclear size, and
some nuclei may not be sectioned through the largest
dimension. Therefore, the data obtained i these experi-
ments did not neeessarily refléct the accurate size of the
riuclei.. However, we focused on estimating ‘the malig-
nancy-of the tumors.based on niclear motphometry, and
not on the aceurate nclear size.

In the present study, ROC curve analysis showed
that a cutoff nuclear atea of 67 pm? had 75% sensitivity
and 70% specificity, and that a nuclear diameter of
10.7 pm had 75% sensitivity and 65% specificity for
detecting malignant strictures, respectively. Further-
more, it was proved that the 5-year survival rate of both
groups was significantly different by log-rank-test (P'<
:001) (Fig. 3). Table 2 shows thac the most significant
prognostic and staging factors for all the subtypes of
small-sized pulmonary adénacarcinorma were  signifi-
cantly associated with nuclear area and nuclear diame-
ter; PFurthermore, muleivariate analysis demonstrated
that nuclear area. was a significant prognostic determi-
nant (P = .037). These results indicated that small-sized
-adenocarcinomas can be divided into 2 groups: those
showing an extremely favorable prognosis (5-year sur-
vival rate-around 90%) and those showing a fairly favor-
able prognosis (S-year survivil rate around 60%-70%).

The former group showing a 90% S-year survival rate
may be regarded as having minimally invasive carci-
noma;.members are candidates for reduction or fimited
surgety, similarly to early stage gastric carcinoma, which
is treatable by endoscopic surgery.

It is of considerable practical interest that patholo-
gists can -extract cases showing an extremely favorable
prognosis using only morphomiettic calculdtion of nu-
clear area or nuclear diameter for each tumor. To select
patients eligible for limited surgery, it is not neeessary to
examine histological steuctures such as those of the papil-
liry, acinar, and solid subtypes. OF course, miclear area
and nuclear diameter status -are associated with the ratio
of the lepidic growth area and Noguchi’s classification,
which are purely structural classifications. For example,
Noguchi’s classification reflects the prognosis of small-
sized adenocarcinomas of the lung. Figure 5 indicates
that thé niiclear area of type C tumors: was significantly

2018

larger than that of type A tumors (£ < .0001). Con-

versely, the niclear area of type D tumors was signifi-
cantly larger than that of type C wumors (P < .002). As
the S-year survival rate of patients with type A tumors

was better than that of patients with type C tumors; and
that of patients with type C tumors was better than that
of patients with type D tumiors, the prognostic signifi-
cance of the mean tiuclear areas of these tumors coincides
with Noguchi’s classification. By using small biopsy
specimens, it is sometimes very difficult to make-an aceu-
rate histological diagnosis. However; if oncologists can
obtain information from thin-slice computed tomogra-
phy examinations that allow calculation of the 1€piidic
growth comiponent ratio of the tumor, rogether with nu-
clear morphometry data from biopsy-specimens, it would
be very practical to extract candidate patients who - would
benefit from limited treatment be‘f’orecﬁ’uyiﬁg out. sur-
gery. In practical terms, we cannot use the Image Proces-
sor for Analytical Pathology in foutine pathology
examinations. We recommend that the size of inter-
mingled small lymphocytes be used as an internal con-
trol. Tumor cells with a nuclear area of 267 pm? and a
nuclear diameter of 10.7 pim are 5X and 3% larger than

small lymphocytes, respectively.

Grading of nuclear structure has already been used
to- assess the ‘malignancy of vatious carcinomas, such as
breast carcinoma, urinary bladder carcinoma, and renal
cell catcinoma. For example, after Zajdela et al® reported

the relationship between the outcome.of mammary cancer

and morphological characteristics using cytological mate-

rials, several studies demonstrated the prognostic value of
nuclear morphometry in invasive ductal carcinoma of the
breast. Nuclear morphology is now applied for histologi-
cal grading of invasive breast carcinomas in the WHO
Classification of Tumors of the Breast." The WHO rec-
ommends that nuclear grade be included in the surgical
reports ,O'chascs of invasive ducal catcinoma of the breast,
In the present study, we demonstrated thar nuclear area
and nuclear diameter can also be used to estimate the ma-
lighant potential of sniall-sized adenocarcinomas of the
lung.

Westréss the importance of nuclear area and nuclear
digmeter for estimating the malignancy of small-sized
adenocarcinomas of the lung. If nuclear grading can be.
applied along with a pure histological classification such
as the WHO or Noguchi classifications, then it may be
possible to predict the biological behavior of small-sized
adenocarcinomias more precisely than on the basis of his-
tological classification.

Cancer  April 15,2010
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Abstract The locoregional recurrence of breast cancer is
not a sign of distant metastases, and a substantial propor-
tion of cases are cured by salvage therapy. Patients with
locoregional recurrence should not be treated with pallia-
tive intent as if they have visceral metastases. The rec-
ommended treatment for ipsilateral breast recurrence after
breast conservative therapy is a mastectomy. For patients
who suffer from isolated chest wall recurrence after
mastectomy, a surgical approach is recommended. Neo-
adjuvant chemotherapy is considered for patients with
unresectable disease in order to render the disease resect-
able. For patients with isolated chest wall recurrence who
have received no prior radiotherapy, postoperative radio-
therapy involving the chest wall and regional lymph nodes
is recommended. Patients with isolated axillary lymph
node recurrence should be treated with axillary dissection
or resection. Although the effectiveness of systemic ther-
apy for patients with locoregional recurrence is unclear,
there is a trend toward treating patients with supraclavic-
ular lymph node recurrence with radiotherapy plus sys-
temic therapy. Pain relief and the eradication of other
distressing symptoms resulting from inoperable disease are
achieved in two-thirds to three-quarters of patients by
radiotherapy with or without systemic therapy. New anti-
cancer agents and molecular target therapies should be
evaluated with the objective of improving the treatment
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outcome of patients with locoregional recurrence. A com-
bination of approaches is required for treatment of patients
with locoregional recurrence, and a multidisciplinary tumor
board should be organized at each institute.

Keywords Local recurrence - Lymph node recurrence -
Radiotherapy - Chemotherapy - Mastectomy

Introduction

Ten to thirteen percent of patients who receive breast
conservative therapy develop locoregional recurrence
within 10 years of their initial treatment, and three to eight
percent of patients who receive mastectomy plus postop-
erative radiotherapy will also develop locoregional recur-
rence [1]. The omission of postoperative radiotherapy
increases the risk of ipsilateral breast recurrence or chest
wall recurrence threefold. Ipsilateral breast recurrence after
breast conservative therapy sometimes occurs after more
than 10 years; however, approximately 80% of locore-
gional recurrences after mastectomy arise within the first
5 years [1-3]. The standard of care for locoregional
recurrence has not been clarified because of its heteroge-
neous biological characteristics and a lack of well-designed
prospective clinical trials. The authors have strived to
assess the effectiveness of treatment strategies developed
in previous studies.

Diagnosis and re-staging
The first step for choosing an appropriate treatment is

pathological evaluation of the recurrent disease, and fine
needle biopsy, core needle biopsy, and/or open biopsy can
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be used for this. The pathological subtype, histological
grade, expression of hormonal receptors, and human epi-
dermal growth factor receptor type2 (HER-2) over-
expression should be evaluated when choosing appropriate
treatment strategies for patients with recurrent disease.
Radiation-induced sarcomas in the chest wall appear at a
median of 10 years after postoperative treatment, but the
latency period varies. The next step is a staging evaluation.
Systemic disease can be carefully evaluated by using blood
tests, chest computed tomography (CT), abdominal CT,
pelvic CT, and radionuclide bone scans. Magnetic reso-
nance imaging (MRI), CT, and color Doppler ultrasonog-
raphy are useful for evaluating the extent of supraclavicular
and infraclavicular lymph node recurrence. Positron
emission tomography (PET) scans are performed increas-
ingly in clinical practice and are more sensitive than CT
and bone scans; however, meta-analysis of evaluation of
breast cancer recurrence demonstrated that the false posi-
tive rate of PET scans was relatively high (11%) [4]. The
clinical value of PET scans alone is not satisfactory, so
addition of other conventional imaging modalities is
required.

Prognostic factors

For patients with locoregional recurrence after breast
conservative therapy, disease-free interval (DFI) from the
initial treatment to recurrence is the most powerful pre-
dictive factor. The S-year survival rate of patients who
developed recurrence within 2 years of the initial treatment
was 65% and that of the patients who developed recurrence
after 2 years was over 80% [5]. Other poor prognostic
factors of mortality have been reported, for example age
(=60 years), the number of positive lymph nodes at the
initial treatment (four or more), primary tumor size
(=2 cm), histology (invasive cancer), and estrogen recep-
tor expression (negative) [6]. For patients with locoregional
recurrence after mastectomy, some tumor characteristics at
the diagnosis of recurrence, for example an operable tumor,
the absence of tumor necrosis, the recurrent site (chest wall
or axillary lymph node), a pT1-2NQ primary tumor, and a
long DFI, are associated with a good treatment outcome
[7-9].

Schmoor et al. [9] reviewed 337 patients with locore-
gional recurrence among the 2,746 patients who received
conservative therapy or mastectomy in four prospective
studies of the German Breast Cancer Study Group. Multi-
variate analysis demonstrated that number of positive
lymph nodes, tamor grade, estrogen receptor, and DFI were
independent prognostic factors for progression-free sur-
vival after locoregional recurrence. They simplified the risk
strata and defined three risk groups:

@_ Springer

e low risk: primary node-negative status and a DFI of
more than 2 years;

e intermediate risk: primary node-positive status or a DFL
of more than 2 years; and

e high risk: primary node-positive status and a DFI of
less than 2 years (Table 1).

Although it excludes other prognostic factors, for
example age, tumor grade, recurrent site, and estrogen
receptor, this simplified prognostic index is a useful tool for
choosing treatment strategies in clinical practice and clin-
ical trials.

Recurrence after breast conservative therapy

Thirteen percent of patients who develop recurrence after
conservative therapy have locoregional recurrence alone,
30% have locoregional recurrence with distant metastases,
and another 57% have distant metastases alone [2].
Approximately 80% of patients with locoregional recur-
rence develop ipsilateral breast recurrence as the first site
[10, 11]. Recurrence in the ipsilateral breast includes two
different types of disease, true recurrence and second pri-
mary tumors. True recurrence occurs within the primary
tumor site or its vicinity, and second primary tumors occur
in other quadrants of the breast or have a different patho-
logical subtype [10, 12, 13]. However, some second pri-
mary tumors may occur in the same quadrant, and others
will have the same pathological subtype. Strict distinction
between true recurrence and second primary tumors is
difficult, and some investigators have distinguished
between them by using pathological subtype, location, and
deoxyribonucleic acid (DNA) flow cytometry [10, 12, 13].
True recurrence is associated with early development
(median interval: 3.7 vs. 7.3 years) and poor treatment
outcome (10-year overall survival: 55 vs. 75%) compared
with second primary tumors [12].

Table 1 Prognostic index for patients with locoregional recurrence
of breast cancer [9]

5-year PFS
(95%CI)

5-year OS
(95%CI)

Low risk

Node (—) and DFI <2 years
Intermediate risk

Nade (+) or DFI >2 years
High risk

Node (+) and DFI >2 years

53% (41-64) 66% (55-77)

40% (31-49) 53% (44-62)

17% (9-25) 27% (17-36)

Node (—), primary node-negative status;. DFI, disease-free interval
from initial treatment to recurrence; Node (+), primary node-positive
status; PFS, progression-free survival; OS, overall survival; 95%ClI,
95% confidence interval



Breast Cancer

Ipsilateral breast recurrence after breast conservative
therapy

More than 20% of evaluated mastectomy specimens of
ipsilateral breast recurrence after conservative therapy
revealed substantial residual disease in two or more
quadrants of the breast [14]. The generally recommended
treatment for ipsilateral breast recurrence after breast
conservative therapy is salvage mastectomy with or with-
out axillary dissection [5, 6, 14-17]. Approximately 90%
of the patients have operable recurrent tumors, and other
patients have inoperative tumors with diffuse infiltration or
inflammatory changes [11, 14-16, 18]. Most patients who
received salvage mastectomy achieved good local control,
and the 5-year overall survival rates after recurrence ranged
from 60 to 86% [5, 6, 12, 14, 18]. Patients who have
inoperative tumors involving diffuse infiltration or
inflammatory changes have a poor prognosis [19].

Less intensive salvage care for locoregional recurrence
has also been investigated. Several investigators have
reported the outcome of repeated conservative therapy
including partial breast resection with or without radio-
therapy after ipsilateral breast recurrence [16, 18, 20].
Salvadori et al. [18] reported the same overall survival in
patients who underwent re-conservative therapy (85%) and
patients who received salvage mastectomy (70%); how-
ever, second ipsilateral recurrence was more common in
the patients who received re-conservative therapy (19 vs.
4%). Galper et al. [16] reviewed 341 patients with local
recurrence after conservative therapy and reported that the
time to distant failure, second malignancy, or death of the
patients who received re-conservative therapy was worse
than that of the patients who received salvage mastectomy
(hazard ratio: 2.0, p = 0.02). Re-conservative therapy for
ipsilateral breast recurrence is not recommended. Sentinel
lymph node (SLN) biopsy is a less toxic tool, and the
experience of the Memorial Sloan—Kettering Cancer Cen-
ter demonstrated that SLN were identified in 55% of 117
patients who had undergone prior axillary dissection or
biopsy. Although SLN biopsy is available for some patients
who have undergone prior axillary dissection, further
studies are required [21].

Postoperative radiotherapy after salvage mastectomy is
used for patients with a positive surgical margin or mac-
roscopic residual tumor who have no history of breast
irradiation. Re-irradiation is associated with late adverse
effects such as tissue necrosis, fibrosis, and rib fractures.
There are no data supporting prophylactic regional lymph
node irradiation after salvage mastectomy for patients with
ipsilateral breast recurrence.

Only one randomized clinical trial has evaluated addi-
tion of tamoxifen (TAM) for patients who underwent
complete resection and postoperative radiotherapy [22].

Although the addition of TAM prolonged relapse-free
survival, 9-year overall survival did not improve. Le et al.
[23] reported that systemic chemotherapy and hormonal
therapy reduced the risk of death for premenopausal
patients, but did not reduce it for postmenopausal patients.
Cochran’s systematic review concluded that there was little
evidence to support the addition of systemic therapy for

" patients with locoregional recurrence of breast cancer [24].

However, the addition of hormonal therapies is considered
to be reasonable in selected patients because of their lim-
ited toxicities [25].

Regional lymph nodes recurrence after breast
conservative therapy

Regional lymph node recurrence after breast conservative
therapy is relatively rare (0.5-6.3%) [6, 26, 27]. The most
common sites of regional recurrence are the axillary area
and supraclavicular fossa [28, 29]. The pooled analyses of
the National Surgical Adjuvant Breast and Bowel Project
studies demonstrated that the prognosis of patients with
isolated axillary lymph node recurrence was more favor-
able than that of patients with supraclavicular lymph node
recurrence, and the 5-year distant metastases-free survival
of the former was 31.5% whereas that of the latter was only
12.1% [6].

The experience of the MD Anderson Cancer Center was
that surgery for axillary recurrence achieved good local
control; however, the absence of radiotherapy or systemic
therapy from the multimodality treatment strategy did not
correlate with disease control or the frequency of distant
metastases [30]. Maximum axillary control is achieved
with an axillary dissection whenever feasible. Limited data
are available regarding postoperative regional lymph node
irradiation [28]. Radiotherapy is indicated for patients who
undergo incomplete resection of axillary disease and
patients with supraclavicular lymph nodes metastases [29].
Although the role of systemic therapy has not been estab-
lished, there is a trend towards administering systemic
therapy to patients with supraclavicular lymph nodes
recurrence [17].

Fowble et al. [27] reported that none of their six patients
with isolated axillary recurrence subsequently developed
breast recurrence. They also concluded that isolated axil-
lary node recurrence without clinical or mammographic
evidence of ipsilateral breast recurrence does not require a
prophylactic mastectomy.

Recurrence after mastectomy

According to the pooled analysis of the Easton Cooperative
Oncology Group, locoregional recurrence developed in 420
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