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Condensed abstract: We performed both a single institution and metahgsis evaluating the accuracy of
intraoperative frozen section (IFS) of SLNs duriimgast cancer surgery. IFS of SLNs is more radi&in detecting

macrometastasis than for detecting micrometastassolated tumor cell (Mi/ITC) deposits; it lackafficient

accuracy to rule out Mi/ITC deposits.

Abstract

Background: Accurate intraoperative pathologic examinationesftgiel lymph nodes (SLNs) is necessary to avoid
reoperations for patients with SLN-positive brezsicer. We sought to determine the accuracy aiopgrative
frozen section of SLNs during breast cancer surgery

Methods: In this retrospective study, we reviewed the res@fd326 breast cancer patients who underwent

intraoperative frozen section analysis (IFS) of SldYla single institution. We did a meta-analy$iépublished



studies documenting results of IFS of SLNs in kireascer patients.

Results: Sections stained with hematoxylin and eosin (H&f)veed metastasis in SLNs in 99 patients (30.4%): 61
had macrometastasis (MAM group) (> 2 mm), and 38rhacrometastasis (Mi) or isolated tumor cell (ITd&posits
(Mi/ITC group). The overall sensitivity of our inttional series was 60.6% (60/99); and the ovesadicificity,

100% (227/227). The sensitivity of IFS was sigrafidy lower in the Mi/ITC group (28.9%) than in tN&AM group
(80.3%) (p<0.0001). Per our meta-analysis of puklisstudies and our own data (47 studies, forah ¢6t13,062
patients who underwent selective sentinel lymphadiemy [SSL] with IFS of SNLs), the mean sensiivitas 73%;
the mean specificity, 100%. In our study, for th&MIgroup, the mean sensitivity was 94%; for thelWVi& group,
40%.

Conclusions: IFS of SLNs is more reliable for detecting MAM thfam detecting Mi/ITC deposits. It lacks sufficient

accuracy to rule out Mi/ITC deposits.

We acknowledge the editorial assistance of Pamela Derrish (UCSF) and Mary Knatterud (University of

Arizona).



Background

Selective sentinel lymphadenectomy (SSL) le®ime a standard technique for accurately detemmaxillary
lymph node status in breast cancer pati€htSumerous studies have reported and confirmedittesknsitivity and
specificity of SSL in breast cancer patieht8Several studies reported that SSL has significanthimized short-
term morbidity and lymphedema, as compavitt axillary lymph node dissection (ALND{*

Accurate sentinel lymph node (SLN) analysis requaeordinated efforts by a multidisciplindaeam. If the

SLN is found to be positive intraoperatively, treipnt may be a candidate for immediate ALND. loperative
pathologic examination of SLNs is helpful to aveedperations for SLN-positive patients, thus spatirem an
additional operation with its risks and additionakts.

Frozen section is the most common method of ingeatjve evaluation, but no pathologic method hanbe
standardized for SLN evaluation. Multilevel sectianhas been used for pathologic evaluation of Slh¥svever,
institutional protocols vary wideR##*The 2005 American Society of Clinical Oncology (AS)Gguidelines for
intraoperative evaluation of SLNs stated that,altyh IFS risks significamtestruction of potentially diagnostic tissue,
it may be the most desirabteethod withexperienced teams of surgeons and patholodisthe aim of this study was
to determine the accuracy of IFS of SLNs duringabt&ancer surgery.

M ethods
Patient selection

In this retrospective study, we reviewed the res@f326 consecutive patients treated for invabreast
cancer who underwent SSL with IFS at a singletunstin (the University of California, San FrancietCSF]) from
November 1997 through April 2003. This study wagraped by the institutional review board at UCSB. hitients
were treated with neoadjuvant chemotherapy.
Preoper ative lymphoscintigr aphy

The decision to use preoperative lymphoscintigraphygentify the draining axillary SLNs was at the
discretion of the operating surgeon. Technetiuns @fur colloid was injected either intradermallyoak the tumor,
peritumorally, or at the surgical site of the poas biopsy. Patients underwent injection of radimpe, with or
without lymphoscintigraphy, either the morning bétsurgery or in the late afternoon the day befargery

I ntraoper ative identification of SLNs



During the operation, the hand-held gamma probegikebe Corporation, Dublin, OH) was used to evaluat
radioactive counts. Injection of Lymphazurin dyergeh Industries, Richmond, VA) was at the surgeafiscretiorf>
A SLN was defined as a blue node and/or a node evepwivo radioactive count was10% of the ex vivo
radioactive count of the hottest lymph node. Aymph node with> 10% of the ex vivo radioactive count of the
highest SLN was removed. Additionally, any clitigauspicious palpable nodes were removed ancheefas
sentinel node&

Pathologic evaluation

The radioactive count of all SLNs removed wesasured and documented. All SLNs were submittélaeto
pathology department and subjected to standareriregction evaluation with 1 or 2 H&E-stained sei

Tumor stage was determined using the 6th editicheAJCC [American Joint Committee on Cancer] Cancer

Staging Manuaglpermanent sections were stained with H&E, witkvithout immunohistochemistry (IHC), and
consisted of a bisection of at least 3 levels @rirls of 40 to 100 pr: 2All nodal tissue specimens submitted for
frozen section evaluation were resubmitted for @eremt-section analysis (PSP&ur protocol included 3 levels of
IHC stains and 2 levels of H&E staiffs?®
Literaturereview

We systematically searched PubMed from Jani@9y through June 2008, using the keywords “bremster,”
“breast neoplasm,” “frozen section,” “sentinel lympode,” and “SLN.” A single reviewer (LCL) seledtthe articles
and extracted the data for analysis. Referencexhifded articles were searched for additionalissithat met our
inclusion criteria. We included all articles thaported sufficient data for cross-tabulation of ibsults of IFS of
SLNs against (PSPA). We excluded all articles wiksing statistical data (i.e., sensitivity, spedy). We also
excluded all articles in languages other than Bhglhat were not available in translated form.sMlidies involving

neoadjuvant therapy were excluded.

The data were collected on a per-patient basiserahan per node examined. Our meta-analysis p@aged to

evaluate the accuracy of intraoperative frozenige&valuation.

Satistical analysis

Using the results of the PSPA, we calculated seitgjtspecificity, and positive and negative pretdie values.



Because the numbers of patients with Mi and wit@ tleposits were low, we combined them into the MG/group,
in order to compare their results with those ofl#M group. We used Mantel-Haenszel and/or Chi $eus#atistics
to compare the sensitivity, and accuracy for défertumor sizes, as well as to compare the seitgitor detecting
MAM and MiI/ITC. We considereg < 0.05 to be statistically significant.

Because different studies in a meta-analysis mag haed different thresholds to define positiveitsswe
used summary ROC (SROC) curve analysis to accousiich differences in our meta-analy$is® We also used a
generalized linear mixed model to evaluate diffeemnin diagnostic accuracy between patient groupsethods. For
all of our statistical analyses, we used R 2°8.0.
Results
Patient characteristics

The characteristics of all 326 patients in our Ergstitution study are summarized in Table 1.p@dtients
were female (mean age at diagnosis, 55.7 yeargdrad.5-88.5]). The mean tumor size was 14.9 mngéal.o to
82 mm). SSL identified the SLNs in all patientseThean number of SLNs removed was 3.2 nodes penpat
SLN Findings, by Method and Tumor Size

Of the 326 patients who underwent IFS of SLNs,3804%) had positive SLNs diagnosed by permanent-
section pathologic analysis (PSPA). Of those 9% ptd, 39 (39.4%) had negative results accordingedFS. IFS
yielded a sensitivity of 60.6%, a specificity ofQP@, and an accuracy of 88%. The positive predictalae was
100% and the negative predictive value was 83.2%fdlnd no false-positivéS.
MAM vs. Mi/ITC

Of the 99 SLN-positive patients, 61.6% had MAM ([Eap) and 38.4% had Mi/ITC (Table 3). The sendiivi
of IFS was significantly lower in the Mi/ITC gro{@8.9%) than in the MAM group (80.3%) (p<0.00018nSitivity
was not significantly correlated with tumor sizesither the MAM groupg = 0.22) or the Mi/ITC groupp(= 0.74).

In the MI/ITC group, 13 (34.2%) patients were foundchave metastasis in SLNs when PSPA was dong usin
H&E staining; 12 (31.6%), using IHC. The Mantel-Haeel statistical method to control for tumor shewed a
significant difference in the sensitivity of IFStlxeen the MAM group and the Mi/ITC group € 0.00001). In the
Mi/ITC group, 8 patients had only ITC deposits ItNS; the sensitivity was 0% (0/8) in these patients

Meta-analysis



Atotal of 47 articles (including our own data) ogfed sufficient data for cross-tabulation of tesults of IFS
of SLNs against PSPA:"® Of these articles, 2 evaluated metastasis in freeetion SLNs using H&E stainiagd
ultra-rapid cytokeratin IHG® 3’ In those 2 studies, we included only the resultd&E staining, since few patients
underwent ultra-rapid IHC. Most of the IFS SLNs wstained by H&E or toluidine blue. One study répdr2
methods of intraoperative evaluation of SL'N&esults of the 47 studies in our meta-analysisanemarized in
Table 2.

The total number of enrolled patients in the 4detsiwas 13,062; 32% had positive SLNs and 68% had
negative SLNs. When we combined the data from7aBtddies in our meta-analysis of 13,062 patig¢htspverall
sensitivity was 68%; and accuracy, 90%.

Only 18 studies reported comparing the value offt¥$atients with MAM and Mi (Table 3). The false-
negative rates in those 18 studies ranged fromd20% for MAM patients and from 0% to 89% for Mitigats. Of
the studies, only 5 reported the results of IFE@f deposits (Table 4); 3 of them reported 0% garityi for
detecting ITC deposits: 3" ©

Per our meta-analysis, the mean sensitivity foecteétg metastasis via the SROC model was 73%; tam
specificity, 100%. The mean sensitivity for detegtMi, however, was substantially lower: 40%. Theam
sensitivity for detecting MAM was 94%. The meanafieity was 99%, regardless of the type of metsistaize.
Frozen section was significantly more sensitiveM@tM than for Mi in our meta-analysis (p<0.0001).

We also analyzed the sectioning and staining mstbbtFS and of PSPA. For the different intraopeeat
sectioning methods, we found no significant differes in diagnostic accuracy measured by SROC c(ueds not
shown). In contrast, for the different PSPA stagnmethods, we found the method of combination oB+#d IHC
provides the best diagnostic accuracy as measyrdtelSROC curvep(< 0.004).

Discussion

Although an accurate method for analyzing SLNsaimperatively is needed to prevent a second opartidro
completion ALND for breast cancer patients with equbsitive disease, no universally agreed-on megxasts.
Many surgeons use IFS, however, its use is conts@ldecause its sensitivity varies widely, as study
demonstrates.

In addition to its low sensitivity for detecting MiC, IFS has other potential disadvantages, inolgitissue



consumption, artifacts from freezing and thawingécimens ’® increased surgical time and cost. The benefit of
avoiding a seconslrgical procedure must be weighed against theofiskbtaining a false-negativesult, which
could increase the risk of inaccurate nodal statusstage migration.

If intraoperative imprint cytology (IC) shows netyatresults, PSPA could still show an accuratetp@sresult,
because no specimen loss is involved. In contifd&tS shows negative results, the part of the noaidoring small
metastases could have been lost, so Mi in particalald go unidentified® " 78 8°

To minimize the false-positive rate and to avaihecessary ALND, Wada et8lsuggested that indeterminate
results by IFS must be considered negative atrtine df surgery, absent unequivocal evidence oficanca. False-
positive results in our meta-analysis were rareyéheer, our meta-analysis suggested that, with #68ut 1% of
patients could potentially undergo an unnecessaim

Recently, a commercially available real-time reeetranscription PCR assay (GeneSearch BLN assagex
LLC, Warren, NJ) was used to detect SLN metast¥&ige et al’> compared the results of the BLN assay with those
of serial IFS in a series of 293 SLNs from breastoer patients. The BLN assay correctly identib&cf 52 SLNs
with MAM and 5 of 20 with Mi; the sensitivity was8A% for detecting MAM; 94.7%, > 1 mm; and 77.8%.2
mm. Viale et af’concluded that the sensitivity of the BLN assay a@sparable to that of histopathologic
examination of the entire SLN by serial section@td..5 to 2 mmAs compared with IFS, the BLN assay for
intraoperative SLN analysis yielded better resihigs those of our single-institution study and mata-analysis.

The value of IC for intraoperative analysis of SLiBlsontroversial. A meta-analysis of 31 studiesleating
intraoperative IC for SLNs by Tew et®lfound that pooled sensitivity of IC was 63%; sfieity, 99%. Pooled
sensitivity for macrometastases was 81%; microneetas, 22%. They concluded that IC is simple apdiyavith
good sensitivity for macrometastases but not mietastases. The sensitivity of frozen section feecteng MAM
(94%) and for Mi (40%) in our meta-analysis wagérethan published reports of f& 8384

We found that IFS is reliable for detecting MAMdacan help avoid reoperations in breast canceemisti but
typically fails to detect Mi/ITC. Multiple publistiestudies also showed that IFS fails to detect @ 447>

However, tissue loss is still a potential concérhas been estimated that up to 50% of lymph risdee is
lost in the process of “facing up” a frozen tis$leck for sectioning during IF8, because rapid freezing of the

embedding medium makes optimal orientation of theahtissue in the block much more difficult tharparaffin



embedding for permanent sections. This phenomehbtssue loss is well known to practicing pathastgy Given
that even small metastatic deposits in the raragitionally regarded as micrometastases (<2 mmg baen proven
in large prospective studies to be an independemtt prognostic factor linked with decreased disdese survival®,
loss of significant amounts of SLN tissue shouldibeided if possible. Of note, it is impossibledetermine with
any accuracy the number of false negative resukstal tissue loss from frozen section. The comnsenai the
terminology false negative rate implies a diffebetween IFS and PSPA since tissue loss canretaotly
measured in IFS.

Although it is impossible to determine how maatients have been understaged due to tissuellosg) IFS of
SLN specimens (since the lost tissue is by definitiever analyzed), studies that have carefullyeaéustively
sampled SLNs through multiple deeper level sectiane found that metastatic deposits continue toined
throughout the nod®: 8" This tissue loss is one of the factors cited byous authors who argue against routine IFS
analysis of SLNS” 78

This has led some authorsctintend that grossly benign, diminutive SLNs shdaddsent for PSPA without IFS
evaluation’® In contrast, other pathologists would answeraheve theoretical concerns regarding tissue loss as
source of false negative results by suggestingausthat pathologists examine technical varialdes source of false
negative results. For example, does the pathdlegiphasize preserving tissue for PSPA, or do ¢émeyhasize
rendering a definitive diagnosis on IFS by perfarghnmultiple levels of IFS? Also, worthy of nots,that the
expertise of the individual performing the sectianof tissue varies significantly (from skilled excian to resident
in some teaching institutions) which leads to aalde amount of tissue lost to the bottom of thestat, as does the
variability of fatty tissue present within and anduymph node(s), which creates challenges in aghgesuitable
sections. An important limitation of both our spughd our meta-analysis was the lack of any stahfdardefining
clinically suspicious nodes in need of IFS. Speth!®® defined clinically suspicious nodes as firm, spahd more
prominent than nodes on the contralateral sides [Htk of a standard definition of clinically suspus nodes, in
addition to different pathologic techniques andalale institutional experience, may in part expla wide range of
sensitivity reported for IFS.

In conclusion, IFS evaluation may be advantagebtimas but has key limitations that must be képtind,

such as low sensitivity for Mi/ITC and the theocatipotential for tissue loss resulting in a falegative SLN. IFS is



readily performed by most pathologists, withoutraxquipment or specialized training in cytopatggldur meta-
analysis demonstrates that, although results vetweéen institutions, overall the accuracy and s$ertgiof IFS of
SLNs for MAM are excellent at 94%; however, theidi&y of this technique for detecting Mi/ITC is cgtenable. No
intraoperative method of SLN analysis is considesgsitive enough to rule out Mi/ITC. IFS appearkélp avoid
secondary operations, at least for most breasecgatients with identifiable positive SLNs and guieocal
evidence of positive nodal disease.

However, recently the American College of SurgeGhnical Oncology Group (ACOSOG) Z0011 reported
no benefit for ALND for women with clinically nodeegative breast cancer who have a positive $lOur meta-
analysis validated the routine clinical use of BFSLNs, however, we recognize that the routineafd€S may soon
fall out of favor given the findings of the ACOSQB011 triaf®, which argued against completion ALND for the

very patients in whom IFS previously played an intgat role in the clinical algorithm at many ingtibns.
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Table 1. Patient Characteristics (n = 326)

Variable

Number (%)

Tumor (T) stage

Tla 31(9.5)
T1lb 83 (25.5)
Tlc 151 (46.3)
T2 57 (17.5)
T3 4(1.2)
Histological findings
Invasive ductal carcinoma 278 (85.3)
Invasive lobular carcinoma 29 (8.9)
Other* 19 (5.8)
Surgery
Mastectomy 85 (26.1)
Lumpectomy 241 (73.9)

*10 tubular, 5 mucinous, 3 micropapillary, 1 medwi carcinoma






