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Abstract

Idiopathic granulomatous mastitis (IGM) is a benign, frequently severe chnflaimmatory lesion of

the breast."\lts etiology meins unknown and reported cases vary in their presentation and histologic
findings with an“optimal treatment algorithm yet to be described owing maitihe tdisease’s
heterogeneitylgG4-related disease (IgERD) is a newly recognized systenfileroinflammatory

condition characterized by a dense lymphoplasmacytic infiltrate with manygg&tve plasma cells,
storiform fibrosis, and obliterative phlebitis. Immunosuppressive thesagpnsidered to be an effective
first-line therapy for IgG4RD. We sought to clarify and classify chronic mastitis according to the
histologic findings of IgG4RD mastitis with respect to IGM and to deyek robust diagnostic
frameworkto help select patients for optimal treatment strategies. Using the laotiestian to date (43
cases fronkgypt-and Moroccp we show that despite sharing many features, IGM and-RjG4nastitis
are separate diseases. To diagnostically separate the diseases, we created a classification schema
termed thesMichigan Classificati—based upon our large series of cases, the consensus statement on
IgG4-RD, and the histologic description of IGM in the literature. Using our classificatieriscerned

17 cases of lgGRD and 8 cases of IGM among the 43 chronic mastitis cases] 8vitfueterminate
cases. Thus ounMichigan Classification can form the basis of rational stratifiohtthronic mastitis
patientshetween these two clinically and histopathologically heterogeneous diseases

I ntroduction

Idiopathc granulomatous mastt(IGM) is anonneoplasticchronic inflammatory lesion of the breast
thatmimicsiearcinoma botlelinically and radiologically(1-5). IGM affects mostly parousvomen of
child-bearing'agebut has been reportedtime age range df1-80 yearq?2, 6). Patientsmost commonly
presenwith an.enlargingfirm, andtender breast lump with erythema awtasiondy nipple retraction
and/or axillary lymphadenopatt$, 4, 7, 8). With theseconcerning clinicatharacteristicandnon
specificimaging findingsrequentlyresembling inflammatory breast cancer, the diagnosis is often made
by core needle biopsii-4, 6, 7, 9). Histologically, IGVI appears asoncaseatinggranuloma,

frequently centered on the breast lobules, with epithelioid histiocytes and miekiteacgiant cells and

varying numbers of plasma cells, lymphocytes, neutrophils, and eosin@iil}. IGM remains a
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diagnosis of exclusigmowever, as there are multiple processes that may cause granulomatous
inflammation of theébreast(8). An optimal treatmerdlgorithmremains elusivewing mainly to the lack
of a complete etiological classification. Therapeakioices comprisebservationimmunosuppressive
therapy wide local excisionmastectomyor combired therapies; however, these stratebsesevaried

success and recurrences are com(2p6, 7, 9, 11).

IgG4-related diseas@gG4-RD)is a hewly recognized fibroinflammatory conditiafiecting various
organg(12-14)mitis characterized by a dense lymphoplasmacytic infiltrate with many-pgGitive
plasma cellspstoriform fibrosis, obliterative phlebiindoftenelevated serum IgG4 concentratid2-
17). Reportedly uncommon are the presenceaf-formedgranulomas and a marked neutrophilic
infiltration (12,13, 18). IgG4-RD is now known to at least partly explain a broad range of medical
conditions previously believed to be unique diseébk2sl5, 17). While no randomized clinical trials

have been,conducted, glucocorticoid treatnettie standard firdine therapy(12, 15).

In contrasto'the"abundance of casestirer organgherehave beemp to nowonly 9 reported cases of
IgG4-RD oecurring in the breagl9-23). Among these cases of IgdRD mastitis there is a great
heterogeneity in‘the clinical and histopathological findings and apparent overlaGwith |
characteristics:#@hsistent with this observatiolyG4-RD is known to have variations in histologic
appearance.depending on #pecificorgan involved12-14, 17, 18). Furthermore, IGMtself is known
to have a heterogeneous appearancdagnkd aconsensus oanoptimal treatmenprotocol(2, 3, 6, 9,

11). Thus,we sought to clarify and classi€hronic mastiti@sccording to the histologic findings of Ig&4
RD mastitiswith respect to IGMrom a large retrospective collection of cases fEggpt and Morocco
in order tobetter characterizend distinguistthe subset othronicmastitis patientsvith IgG4-RD who

would benefit from immunosuppressive therapy

Materials and M ethods

Sudy Populatien

We performed airetrospective hospitalsed study and identifieiB cases othronic mastitis of unknown
etiology fromsbsh0spitals in Morocco (L’hopital Ibn Rochd, Hassan Il University and L'Hogital |
Toufail) andsEgypi{Cairo University Medical School, Mansoura University Oncology Center, and the
Tanta Cancer Centef}). The average age of the patients was 36.9 years (SD 9.1, ra6@¢ LJases
were defined as any female patient with histopathological diagnosis of chrastiisndunknown
etiologybased upon an excisiori@ibpsy andseen at the study hospitals fr@®082011. All patients
initially presented with a breast mass and routine clinical workugp&cidfast stainingand appropriate
cultures) was performed tale out other common magsrming and granulomatotferming lesionsof

infectiousand otheetiologies The only exclusion criterion was previous diagnosis of malignésicy
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Further epidemiologicand clinicalcharacteristic¢including lactation history and parity) of the study
populationare reportedn detail in Oltearet al (5). The study underwent ethics board review and

approval at all the institutions named above and at the University of Michigan.

Pathology Review;and Dual Staining Protocol

Blinded to theslgG4 quantificatiotwo authors (C.K. and S.G.A.) analyzexke haematoxylin and eosin
(H&E) slide\sfrom each cassectioned from the same parafémbedded tissue cassette as were the
immundcstainedsslidesThe parameters assessed were: a dense lymphoplasmacytic infittaterm
fibrosis, obliterative phlebitis, epithelioid histiocytes, granulorgasy cells,and neutrophils
Immunohistochemistry staining was performed as described previ@dslySpecific to this studyides
were incubated for 1.5 hours at room temperature with an antibody cocktail containingunéthg®
(Cell Marque, Cat# 269A5) diluted 1:5400 and moasinttigG4 (Cell MarqueCat# 367M15) diluted

1:900 anddetected with Mach 2 Double Stain 2, (Biocare Medicallfominutes at room temperature.

Imaging andeounting protocol

H&E imagesmwere captured using an Olympus BX41TF microscope witliyanpus UDO3CCD at
100x and 400xnagnification After immunostaining, digital images were captubgdin Olympus DP26
CCD using anOlympuslX-51 microscope.The 200ximmunostairdigital image’ field of viewwas
0.139mmfin.area This was20%smallerin areathanthe hpf reported by Cheukt al (19). The three
areas of thesmost intense inflammation were imaged and then 1gG4 and IgG positive s isantified
in each of the three imagasingimageJandaveraged The IgG4lgG raio wascalculated as
1gG4/(IgG4+1gG).

Satistics
OriginPro 9.lwas used to calculate statistical differences usitigerFisher’s exact test or aést of

unequal_variances

Results

Diagnosis ofilgG4-Rel ated Disease and | diopathic Granulomatous Mastitis

Table 1summarizes thhistgpathologic findings antyG4 and IgGquantification of the cases. In total,
17 cases ofIgG&RD mastitiswere identified along witB cases of IGM and8 indeterminatehronic
mastitiscases. In our schema, which we term the Michigan Classificédidye, classified asost likely
IlgG4-RD mastitis, a sample must have met at least 4 of 5 positive criteria and 2 of Senegiztiia.

The positive criteria weradaptedrom and are consistent withe IgG4RD consensus statement and the
negative criteriaverenewly developedy our groupo propose a classification schema that would

encompass the heterogeneity of the findings in our large sample while in agreeiném witnsensus
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statement and thgeenerahistologic characteristics of IGMescribed previouslfl0, 13). Thepositive
criteria weredense lymphoplasmacytic infiltrate, storiform fibrosis, obliterapiksbitis, >10 IgG4+
cells/hpf and>40%I1gG4:1gG ratio. Thenegative criteria werespithelioidhistiocytes, welformed
granulomas, and giant cells. Consistent with tiseological description of IGM10), cases were
classified as IGM;,if they demonstrategpithelioidhistiocytes, vague or welbrmed granulomasnd
giant cells. Thesdiagnostic criteria for IGM and our newly developed criteria for {f®4mastitis are
outlined in Table2. ThelGM categorywas assigneitrespectiveof the number of IgG4ositive plasma
cells orlgG4:lgGratio or the presence of other histologic characteristics of-RB4Although a
prominent neutrephilic infiltration has generally been reported as relataedwith IgG4-RD, thisis
known to varyby organ(12, 13). Neutrophils were ndhereforeconsidered irour diagnostic criteria for
breast IgG4RD because they did not appear to be a distihingscharacteristic between IgeRD

maditis and IGMin our large sample

Pathol ogic Eindings

Both IgG4RD"mastitis (Figure 1A) and IGM (Figure 1B) cases overwhelmingly had a dense
lymphoplasmaeytic infiltrate and only the indeterminate cases tended ta Inaixed infiltrate. The
presence og$toriform fibrosishoweverwas a more specific differentiatbetween the two diseasasit
was present'in7’of 17IgG4-RD mastitis cases (Figure 1@)dabsent in th® of 8IGM cases (Figure
1D) (P<0.001) Obliterative phlebitisvas nota differentiatingcriterionandwas seen in 11 df7 IgG4
RD cases (Figure 1Endpresent ir8 of 8 IGM caseqP=0.39. The presence @pithelioidhistiocytes
was the most common IGM featureerlapping withthe IgG4RD casegbeing present in 5 of the 17
IgG4-RD cases. There were no wkikmed granulomas in the Ig&3D mastitis cases and giarglls
were present in 3 cases. Representatnages of IGM epitheli@ histiocytes, granulomas, and giant

cells can be seen in Figures-PA

1gG4 Quantification

The average aumber of IgG4 cells per higlwer fieldand the 1gG4:1gG ratior each othe IgG4RD
mastitis IGMi"and indeterminate casaeplotted in Figure 3A-B. There were statistically giificantly
more IgG4#hpfin the IgG4RD cases tham theindeterminate cases (P<0.0k)it notcompared tahe
IGM cases(P=0@&1). However, the average ratio of the IgRBD mastitis case@ %) was significantly
higher tha the average ratio for both the IGM cas28%, P<0.001) and indeterminate ca$2&%,
P<0.001) As has been reported previougl\s, 14, 16, 17), an 1gG4:lgGratio of >40% proved quite
specificas a diagnostic criteriomith 14 of 17 IlgG4RD cases meeting thieresholdin contrast tanly 2
of 8 IGM caseqP<0.(l). Representative images IgiG4 and IgG duastaining of IgG4RD mastitis and
IGM casesareshown in Figures 4 /8 andC-D, respectively.
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Discussion

Our report describebe largest chronic mastitis series to daimprising o#43 cases fronEgypt and
Moroccoand seeks tdevelop a robust framework begin todifferentiate and toinderstand the possible
pathogenetic basi# this complex set of diseasds light of previous work in this field, we first sought
to understandGM;yin the context of thenorerecently recognized IgGRD. Of these 43 chronic mastitis
casesl7 (40%)were determined to be IgaD mastitis,8 were IGM and18were indeterminateases

of mastitis. ©guraet al (20) first posited that IGM could be separated into lg@kated and notgG4-
related casedutour analysisupports the cotgsion that the twappear more likely to baistinct

disease entitiesWhile the two casesf IGM Oguraet al (20) reported on did have significant numbers of
IgG4 positive cells, an 1gG4:1gG ratio was not calculated, which has proberitte mostspecific

indicator for IgG4RD in our study and othef43). In our present study,hven classified solely based
upon the presence of epithelioid histiocytes, giant cells, and vague domedld granulomas, it is
apparent that.seme of the IGM cases (see cases 18 diath22) do share many featurdgpical for
IlgG4-RD mastitis. Therefore, trdistinction betweetthe two diseases likely only became apparent with

our large samplesize

Furthermore, wevereable toascertairwhich histologic features are the mepecificfor differentiating
between IgG4RD mastitisand IGMby classifyinglGM cases without regard to thégG4-RD features.
Thereforepy,ourschemait wasdeterminedhe most commoand least specifilgG4-RD features seen
in IGM werea'dense lymphoplasmacytic infiltrgf&/8 casespnd large numbers of Ig@#bsitive plasra
cells(5/8 cases) In contrastthe dual criteria o$toriform fibrosiscoupled withan 1gG4:1gG ratio >40%
is reasonablspecific for IgG4RD mastitis with 1417 cases meeting both criteriAdditionally, since
we did not specifyvhich of the positiver negative criteria must be met to diagnose KRBtmastitis,
we can determine the most frequently absent {g&4feature and most frequently present IGM feature
This is helpful.in_further clarifying the distinction between borderline ca®btiterative phlebitisvas
the feature most often absent from IgBB mastitis caseand epithelioid histiocytethe most common
IGM characteristic seen in Ig&RD mastitis Thereforethe presence of giant cells or widifmed
granulomasrisTquite specificithin the breast for IGMvhen differentiating between it and Ig&D
mastitis Conversely, the absence of obliterative phlebitis should not preclude a diagnosis-&DgG4

mastitis.

The average number of IgGbsitive plasma cells per high powsid is lowerfor some ofour reported
IgG4-RD mastitis caseld 2-29 cells/hpf for 7 of thel7 cases) than for caseported in the literatur@ 8,
19). We point to twdikely explanationgor this apparendeviation First, our samples were biopsy
samples known to hadewer IgG4+/hpfthan surgical specimel{$8) and, in fact, theonsensus criteria

lowers the requirement from 30 to 10 Ig@Hpf for biopsy sampleél3). All of our IgG4RD mastitis
This article is protected by copyright. All rights reserved
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cases met this lower threshold. Second, we had an observable area of 0°t8®npamed to 096 mnt
reportecby Cheuket al (19) and mentionethy the consensus stateméh®). While this area difference
would not affect thégG4:1gG ratio, it wouldbe expected to affect the absolute number of positive cells.
If the absolute counts for our Ig&RD cases were multiplied by a 1.2x area scaling fattten 13 of the

17 casesvould have greater than 30 IgG4+ cells/hEven as biopsy and not surgical specimens.
Ultimately theugh, it is the IgG4:1gG ratio thatasetter and more specifiiagnostic criterion for IgG4
RD.

In summarywesreport ahe largesthronic mastitiseries to dateomprisingof 43 case$rom Egypt

and Morcc@of which17 (40%)were IgG4RD of the breast3 were IGM and 18indeterminateases of
mastitis Thisalsorepresents the largest collection of IgBB of the breast nearlydoublingthe

number ofpreviously reported casés9-23). Among our samplestoriform fibrosis an 1gG4:1gG ratio
>40% and the.absence of wétirmed granulomas and giant caia highly specific 4variablepanelfor
IgG4-RD mastitis IGM on the other hanid characterized bsany giant cells and epithelioid histiocytes
and one should™not beisledby the occasional high number of Ig@dsitive plasma cells or increased
IgG4:1gG ratie=TFhus our Michigan Classificatiarequiring the presence of 4 of 5 positive criteria and
absence of 2 0f 3 negative criteria suggests a ratiraaification basis between these two clinically and
histopathologically heterogeneous diseases
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Figure 2 —1GM histopathology
(aandb) Epithelioidhistiocytes x400. € andd) Well-formed granulomas and giant cells, x400.
Figure 3 —Quantification of IgG4 and IgG immunostaining

(a) Plot of the average number of IgG4+ plasma cells per high power field. The averadepfy@4
significantly higher for the IgG4RD cases than the indeterminate caBe®(01). k) Plot of the

IgG4:1gG plasma cell ratioThe 1gG4:1gG ratio is significantly greater in the IgB® cases as

compared to the IGM and indeterminate cases (each P0.96lid lines represent means, dashed lines

the diagnostic cutoffs.
Figure4 —1gG4 and IgG immunostaining

Images of duastained(lgG4+ brown, IgG+ redlgG4-RD mastitis cases@ndb) and IGM cases(and
d), x200.

Figurel
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Figure2
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