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BCeEUERX (AIP) FEEES, 18G4 BEBILEEE X (1gG4-SC) IZIEEREPERIMEELIERE
£ (PSC) LDEFEET 3. TREORVIEG, FAXOLREREORENIR, ¥y T LA
&, RS SOHREEORE S EDEEGRE, BERELY AP 2REB T 5. FUOKE (band-like
stricture), EIXIRZEL (beaded appearance), FFRBEZEDiED (pruned-tree appearance) X EHZEHEZ2
H  (diverticulum-like outpouching) & &M PSC TR 5 h 2 4880 L IBBIGRDOZE1LE, 1gG4-SC Tl
EAERBNEV., —F, BEORVWIREZDIIRR L 18G4-SC ICR <R 5h 3. BEEREHOEIL
ERERRE, BBEEEETEL, 18G4 BEREIZLV) 18G4-SC DHHEBIBZWICERTH 5. TIHE»DD
AR 18G4 RIEREIE, AIP ORZK BT 2. SERBIRAKRE (EUS) ¢BZERNGETIS
ZRTS T4 —1d, REDOEHFNALE % FHTI0/REM D, SNBSS EREICL3BEEET
HREOHZVEEICH T IREEDOBEMRRIE, 18G4-SC #BEREENTINDICERTHS. BEER
BETERIWEE (EUS-FNA) I, BEIEEZ2BET 2 -0ICLEHN TV, AP OEBFIZRTIC
BWIBETOTDEEDHEBEHEINT S(21F, EUS TOD Tru—cut £/ 1945 — T DEFRIEt 2 B /-
EUS-FNAPH#EZI NS, LHL, 27T DFRIEEHV L EUS-FNA TH, BEZDTERVEE
IR EBEBATO FNASORBVEEICL )AL EOEBEHEMTH LN/ TES. ARERRED
FREE & RREERY ISR U - B IC L 2 2MBEE 2 S BT L WHAT® 7 /31 ADOREEI KD 5h 5.
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B OREERER (AIP) & IoG4 B Em LS
7% (1gG4-SC) i, 1gG4 BAERBOFERHERZE &
LTREFMENT VB2 ATP & [gG4-SC 1%
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WIFENEE L EMUL TR EET S, AIP 3,
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Figure 1 AIP BEICHS U2 THERMELRT ERP & BIEE

PEME DY SIRE L, KEBOLRDOEEDHREIBETHS.

JElERE & OEIHSVETH L. FFHAB L M5
REEE @ 1gG4-SC &, FFPIERARAE e <0 IR S8 PR m btk
JEEE S (PSC) &R L 200 1Ud % by, W
BrL X704 FHPECEST 0T, RNER
FiliAEBITIL-DICLED 2BV EETDH
%1).3).4).

WHSRE L, WEBEDFE L IGEICBWTERE
AR E e B PIRLER 0 AT M IR 3
(ERCP) &, JEBEAT ¥ ML BREH D o H O
B, EHELAMOBHTLIRLIEHITENS. B
HIWAREE TR 1 (EUS-FNA) &, %
S L EROBEICIBWTEER RS % 7.

55 86 [0l H AW L NS SR (BHEES
B) iz, [1gG4 BEREB ENHE] OEK L v
va yAMTbh Nz AIP & 1gG4-SC DB Wz BT
LNEEOKRENIE L T OrDEELR My
7 AN &7z, AIP & 1gG4-SC D ZIz BT
BRI RENCRET 5 ZOREIE, oty v
I VOFEERE2Z LK) A 3L EFEH
gEx3hie.

I AREMETHERIEESER (ERCP)

FHEE OARESMIG L, AIP OB 2 S5
ThbH. TEHEOFREEOANEHMEGEIL AIP 12
P DIFRLRFTRTH 55, BREUEOEEED
PR LRI S L > TE LA TEEOEL D
AN N LITHEETH 5. BERERE 0 SR By 70 i
BHIL, LRBEEOFEAGILREEE) FEED 1

ERE B TR & 1oG4 BET LIRS S OB BT 5 NRE OB E 41

HEANCBRE L7 ETH L. —Fh, FEEDOIEHN
%, EFRESRO=Z/50—L EoRVikkig, -
RS OYLERDS 5 mm K, AF¥ v 7L THET
5 BB, FoER, 5 ODBEE ORE %
&N, AIPICEDESCRENBHATSH S (Fig-
ure 1)9~7  AIP Ti&, V) U Bk ETEE ML DR
EIEERMICEED LR TIZELT, BEE LRI
WERIZNT W05, MBI 72 EERE 3 EEE BRI
EELCHELC, BEHEYREZT. 60
[ BB BT A RS I ROE W I X
D, AIP LB BT 2 IEEBROEENHHATE
BEBEDLNBYD AIP & FERBEOEICBIT S
BRMELY, BEGITRIE AP OEKa » 2 o4
AWk (ICDC)Y & RIF DBk 20119 12
BWTEEREE R LTS, LaL, CT
THEIM COERRR LR T RS OREIER DM
R R 2 B9 0128 WTIE, 7T EVEEY &
OFROBEIZ 2200 6, WS SAT RS
#% (ERP) 2258565 EBMOFTRIE R0
T, TNLDOZWHBETIIERPIIAEEL LTW
b, Ty TOFEIP DL, BRI
21 AIP & g & O\AICERTH 5.

1gG4-SC &, AIP XL BHEEICRED L A1t
fEEsRETH HY. AIP IZAHEL 72 1gG4-SC D%
CITTEREESRZE X 2T 57%, EEIEEOED
HAicbiez ) 5. FEMEIEESRIE, oG4~
SC & PSC &R & Bhbid, HupksE
(band-like stricture), % IRIRZE AL (beaded ap-
pearance), FFPREE D84 (pruned-tree appear-
ance) REHEREZEH (diverticulum-like outpouch-
ing) % EDPSCTRLNBEEGRDOEAID,
I1gG4-SC Ttz L A LR ON v, —F, JBED
FEWEEZOWE RI1T IgG4-SCIZB <R 6N
591000 - B ECIE 1gG4-SC & FFFIERREE B
EDOEHNIIHETH S, ERCP ORI IBE %
F U CRFLBERAEMDITO N DA, RS54
AN S VO T Z DOFHMIEEE L v, 1964 g
&, IgG4A-SC DMBFHZ I 2+ #BI§ 5. &ILE
BRI O 1gG4 REG I X 5 1gG4-SC L&
HEEDEHNORKEIT 18-88% LFHBFEN TS
AR LD 1gG4 b T E MR R 8 & R
FEY & PSCY £ 1 Bl ORRE A BRI BV TRED
72, BFPERAEE B IC BT 2 REFLEE AR O JRE S
EEDOBWREIL 53% L HME SN TB N, £
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IgG4A-SC L HEE Z BRIV 5 DI L Bbh
5. IgG4-SCEFIIBIT AR EHEIZALNS
FECEESEAT RAL, JERIEAT L 2ME 23890 5 A
L, HIHIIRL o 2MEDP VIR TH Y,
FEOARE$E 3 IgG4-SC & PSC R HEE & D5
IZERTHBT.

M FEHIEH S OEMRBRED 1G4 2

T IR FEIIEE, FEERICHRIEE & S
DETT AEAHFFET 2 DT, FIFHEILEEER
DRIEDVPFE R T ALY, LIFLIT AIP O
BlZEENSL. EIIEIZ, AIP BEO 41-65% T
JERT 2 EHESNTWARYD FHFEP»HE
RENTHRIZ BT B 1964 BIEREMBE 0% %
B, AIP BED 53-80% 2BV THD SN
EERE SN TV B2 RO 1gG4 7
BB DSV RO EIREEBRTIZIZE AL
RoNZ2woT, FHED O OO 1gG4 7=
ERMEI, AIP OB OBINCR Y 9 292 F
FLEOWNBRSE LML, ECRER HEL LT,
ICDCY THHER SN TS,

V BEERAERE (EUS), EXEER
AEFERE (& EUS), BEREARE
TFTISANIST4— (EUSTFISA

cIS5T4-)

AP O HEIR B EHEASSE (EUS) #iE, O
FAMOEEREZRL, AEIEY—%2ETa—-T
BMRF 72 dBRBE T 22 LD
BT, FEEOWRITASNL V. —F, B
R THAONDBEEEONY—HEE, HERDL
Bi%, Akt L UEEEORE G L Lot A
AHND T L FARNED),

AP T, MRFL RS —-24) BB
MO a—JEEGERT DD, TOERE
Nx EENE@ET TR (duct penetrating sign)
IR & OEBNCERTH 5% Hoki 5@ 1, Of
FANEER UFAMOBRTI-FTR, [HEEE
OREE B X OB O T I — IR B L
TAIP 12X ) EHEICED LN, REMEOREKR
RLRBH R - RIE AIP & Y EEEICE <
HRoNL EHREL TS, LirL, B AIPIZB
W, BEETEUMOBERBTALN TR %R
HEHZENHY, EHBHICERT 5. 20
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720, AIP OZ Mz L ) IEEPrDOEEIZT S0
12, RETIREZBEHENHGERE B EEAR
BETIZTIANTT 74— EDOHT27% EUS D&
WFHEATASIE FH T 5229530
EREUSIZE D, IEF T2 3mkic B 5
MESA & MBS 5L 0 & DEHZEL 2
ENTEROD, ERRLY Py 7T —FF
s L, MOIMES RIS NG -0, EF
EUS (31E 4 OBFERBOENZHIIC BT, @ED
EUSICHE LTIV EWERNEERT I &4
HFINTWE®.2.30-% g FUS T, AIP &
DM LB SMEOMRAE 2T 505, B
FRXIMEICZ LW Z O R % 7R §790-%),
IFANTT 74 —1F, MBOWEIEEGH{LL
TZEDEVEHALPICTAHEMTHY, EEFL
IR RO 2 B 5 52300 JEE
BOZMICBIIAEIS TZIANTT 74—
IESRZHE L2 mE T, KEIR 85~100%,
FRERE X 33~93% & STV 52323080 gy
B & EEOERE & OEJIZRICET 5 X ¥
FENTCIX, EUSTIZI A NI T 74 —DRKE,
BEBIUZWA v XiE, #EN095 (95%
confidence interval [CI), 0.94-097), 067 (95%
CL, 061-073), 4228 (95% CI, 094-097) T&
5723 Dietrich 5% 1%, AIP 28175 EUS T
FAMNTTT 4 — ORI RITRE LT, Wbk
BALDERERE 7207 Tld e <, AL OBEELC
LbROOLNDLZERBTTBY, BETRIOL
I RFTRIEALNZVEREL TS, LavL,
EUSTTZSANITT 714 —DRENZ AIP &/
Bed & ORI BT 2 A REICOWTE, 4
BIORDIMEPLETHS.

V ERFABTEREE (IDUS)

[gG4-SC 1E, CT THEEMFEL L) HEEDOMR
EnHoNLZ LR, BEEEZREIIBVTEE
RIREGRERT I EICLD, BBEE L OEDIE
%f\u&‘/313),14),2&39),40). #%L:, ATP 75_,{5\1;1%[/7;:
VW IgG4-SC O WTIIHEETH 5404 JRERER
BEOEDHERGELHE T LB TELEE
NBEERE (IDUS) &, [HEEEDIRE % 5Fi§
LEEEOBCVREFHTH Y, ERCP LFEKIC
192 TEDY, NHEWEE FLF— i
LIFLITHEEBDIRELX S| X282 5729, IDUS
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HHEBECRENEES E 1oG4 BER LR E DB I B 2 RSO E 43

Figure 2 TEBHEEEE(C

HEEHT S 1gG4-SC FEH

|OERREERIRE (IDUS) FIR.

IDUS TH, KREEBODZTHREE (C) ICLBE, WHREDNREESK B0mm) FA5hd &
EHIC, BEERICTREN HWVEAL (A, B) IIHVWTHEEEZOEE (1.0-1.2mm) %58 7.
7z, BEEREDOAME, HMIRETET, BRBEY—LII—KERLL.

WX BB N LS — VORNIAT) BEIH 5.

1gG4-SC D REFZEERIZ BT 5 IDUS BT Zid,
S, WHEOBIESREET ST W%,
A, AMAERIZTEET, AR —hra—%
7T<’9" (Figure 2)13).26),27).40)_ —*75 ﬁﬁ%ﬁ“@@i?ﬁ\
BTS2 DR BERENS <, N, 4t
BFIIAET, NI IR Y —%2ET52 L
M \19.20.99 - Hyodo 540 1%, IgG4-SC D L E
L7-fBE X, LARE A M (Bayer, Leverkusen,
Germany) % 72 IDUS 2B\ TEHEH L EER)
RERTEREL TV D,

[gG4-SC 12 BT 5 & b 19 7% IDUS A i,
REER DI L BEORIE LD SH 2 & T
29)% (Figure 2)13),26).27).39).46). ?ﬁmﬂﬂﬁblﬁ%%%
BT HERTIE, REHD»S 2O LmEE I5ER
BB RO REDFRD 5L b, IDUS OFFE
TR, 1gG4-SC L IEEROENICEHTH
%. Naitoh 5% (%, JEE GO IEIRAEEL O REERE
2308mm %8z A6, 1gG4-SC i 589 N &
THHEREL TS (EE 95%, FHRE 909%
B 935%).

VI BCREMEEXRDOEZEICEITDEER
RIRER FERIRS iED1RE]

ICDC® 123072 AIP O BRI BT 5 R
TRFMRIL, MO TCEETH S, EUS-FNA I,
BEBOBMIZIESAWSONDE L)k o7
ICDC 2 & % &, FHMEC TR REARE 185 2
L LWz, EUS-FNA (& ATP O HH kS
ZETIZIZED N TV WY, EUS TO Tru-
cut £# (TCB) 2 X Z MR D ADS, AIP O
FREAMBEZIICE L TWwb EEZ 5N T
%%.49.499 19— T DZEREH % v 72 EUS-FNA
L AIP OBWICERTH A EHESINTVWED,
L L, EUS-TCB R KWZERI$ % v 72 EUS-
FNA &, &8HED BBk O 8 L S 25HE
THh 5% Kanno 5% |, AIP OJFHEMRESFH
ZWricBIT 5 22 75— V8t % v/ EUS-FNA @
BERMWERE L 2247 — V4% H w7 EUS-
FNA (3B EE I+ 2 ik 2 155 2 &8
T, ICDC ORBEAAMEIZ M2 HK D <
& 80% LI EDIERIT AIP L Wi RS LG X
N7 BAZEMERRIRZE S 40% 2380 bz, S
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Patients presenting with obstructive jaundice and/or pancreatic enlargement

__ CT/MRE Pancreatic Findings Typical for AIP (Level 1 parenchymal findings)

At least one non-ductal Level 1/Level 2 Criterion for type 1 AIP §

Yes l

No

h

] Highly suggestive of Type 1 AIP

¥

I f Follow algorithm for Type 2 AlIP

{ Treat with prednisone 0.6-1 mg/kg X2 weeks* E

v

i Reassess serum IgG4, CA 19-9, pancreatic morphology i

v

E Response to steroids

|

No ¢

¥ Yes

2 Reconsider diagnosis l E

Type 1 AIP diagnosis confirmed

Figure 3 ICDC (2 &3 AIP1 B OREIO 7L T T LY,
FAEMBEECHEAREZ2273 AIPIBEOBKO 7L TY XA, CT &40\ L MRIEEIZ SV TH#ERY
HUBMBEL (LA BEEMRR) 227 % AIP1 BOZENBIE. 1gG, immunoglobulin G

(&, EUS-FNA |2 & 0 50 %k % 5RECS 5 720
12, MM OEBER VRGN L BEXNT
FNAZRISt KRR CE NPT L EHEWFAL T
b, ATGARTIAICHBRAEMUB L2, 1
WORSA I I ROMBAZWY L, &
V) CEFHLELZIOSICES. 204 33
ZIROFMFE, ROEIMBE & BV EEERE & A
TWh., ZOFEMEIL 18 77— ¥ disposable 135+
HEBRBNTY OIS, SV rEFHLLZT
YTF=ORIIBENTHL, MEDOIFE
E~RHT 5. Tt r®e7-00%9
—DODEELEA Y ML, $OEMAE—-F, T
Zhb, WRIZR ENTERIE 2 Eirg 50T
HbH. BEROFRGHAE—- F2FEITELZ LI
LW, HHEAFIIZROMAATE NS
FEOFEREEDTWVE, WO22DH LW
EUS-FNA HOZEREHZ LD, Bl ORI D
WESHF SN TWA, EUS-FNA &, AIP O
HHBRZENZHOGEICL Y ICDCIZED W
AP ZHrT OB 2 EERICR DES.

I ARIRZERAVEEZEO7ILIY XL

50D E LA (ICDCY, HARDZWHHE
20119, 7T T WA #ES | HISORt WAL ML ET
WY, R EIS L ES) OF T, AIP OZHTICHE
LTHERLEENBEWICDC T, o7 vy
X 2 (Figure 3) 3Rz B 2 FMEICH-
T, TNETNOMiZ TRETELL LTS, H
ROFZWERE 20112 b, ICDC IZfiE>T, L
1L LA 205 8EIE WA, ICDC & REED
Wi H (CT/MRIIZ & 2B, BEER, MiEE
AR, MESRE, AT704 FoREHE) %iF
L7z 1gG4-SC DZWrEEHEY T b [Al5k 72 BT IE
B (BEH WEFTR, MERRE, 270
4 FORISE) REWSTWS. MRCP i,
1gG4-SC DZHTIZ B W TIZRA SN T W5 7S,
AIP DZ W2 B\ Tid ERCP 12l 7z R DR
2L, ZROEEMEGLATOA NEERZD
ZALLIANE, v oy, BRI ERCP I,
HARLHELES THETIHIIEASTTDILE
W HORIEERER O HAROBIEE 20119 &
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Focal pancreatic
mass/enlargement

Better differentiation
of mass lesions

No malignant cell, but
nondiagnostic for AIP

Negative biopsy for malignancy

Response to steroids (+)

Figure 4 B2ED AIP & BEREERE & OARERVERIFT L.

ERCP, endoscopic retrograde cholangiopancreatography ; EUS, endoscopic ultrasonography ; FNA,
fine-needle aspiration ; GEL, granulocytic epithelial lesion ; IDUS, intraductal ultrasonography ;
LPSP, lymphoplasmacytic sclerosing pancreatitis

LPSP, lymphoplasmacytic sclerosing pancreatitis ; GEL, granulocytic epithelial lesion

| Patients with clinically suspected AIP or pancreatic cancer I

l CT-based stratification l

:
|

| Body or tail I

— Obstructive jaundice
Negative work —up or
for pancreatic cancer

biliary stricture and biliary enzyme abnormality

ERCP
v
Cytology

Figure 5 BEZADZEIELE 2011 ICE B 7L T X LDIEIERRS.
AlIP, autocimmune pancreatitis ; CT, computed tomography ; ERCP, endoscopic retrograde
cholangiopancreatography ; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration
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BEOZH T VT X L20%) (Figure 4) X HAE
D 1gG4-SC DZ Wi # T 1%, ERCP 2 JE#EIF]
(KIE/BREME) @ AIP % IgG4-SC 12 B\ T ik
FEARMICWETH 555, BB @D AP ©
SN IILETIE 2. AIP & EIRE O 5 T
FO LN DLENBE O L &> T, 1gG4-SC
DEPEERET I/ IFFEREE A2 1L, ATP O
FUNIBWCTEEREE ZRAT09. Lal,
WA/ BF PSR & P e % 7R3 1gG4-SC 1%, PSC &
FFFIERREEHE & S0 L 22 1 duid e & 701057,
EHEBRICINZC, BRIt T 5 v v v 7l
M, K, 1gG4 gt %Mz 72 EUS-FNA/
TCB I, AIP % IgG4-SC D2z §HIZR5E
PRI AZLIETER VD, FATH L. EUS-
FNA OBEEOZRIC BT A EZRIE, 7T v ¥
V2 7%5)3@;—34} J: V) 1?;“-( vy % 7§§47>,50),52).58)~63)’ EE%‘:
FEZE L QL3 LA BN TR, HARTI,
EUS-FNA ST & 2 % 1338 2 T % 30 50.59.60
ERCP 1 EUS-FNA/TCB & ) —ffi2fTh T
Wa. HEoT, HEDBWEARE 20119 TiE, 7l
/BB TIO AIP % &0 72 BB IV TIE, &
WO CT/MRI I & % EEE GO FFMmIZHiv T
ERCP 179 T & &L T3, Lo L#ER
UMD AIP TIERETIE RV, THE L R
12, PR RERERE R E M EE O 7 W T EE
23T ERCP ®4E1Z EUS-FNA/TCB #4779 =
EMERRT LHMEN PEREHARPL b R I N
(Figure 5). Zo#&E Tk, BHEEEERLEER
RO FAZE) BEIER BV CERNICE
Wik X BB ERCP 2179 Z & #H#3EL Tw»
%. ERCP WMATHHZ OV F— 12 1gG4 REgeta %
Nz 7 EFLBEARD 2 IDUS %179 S, AIP %
[gG4-SC D Wrofh & L THEREI NS,

Il FFROEE

1gG4-SC D7 & fEHEE

AIP & 1gG4-SC OZ Iz BT ANHED I »
L7 b REENL, BELET TS, BRNICRE
L7- TERIRE Bz % 1gG4-SC \Z AN D N ICE L
TIBIE LHEND B, 1gG4-SC DIEFIFY
WCEEDPEL WD, do& ) LAEED
b HAERELIENEETH L. FHIZIR
B LT e sz i3, AIP OfEK L2 KEHRD
BEE A S OFEHECHEBIZL DR 2O, BEO
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IgG4-SC 72 D H».

—# o PSC BE TIH IgG4 fEAX ERTAH 2 &
&, PSC BEN LR S N2 P £ 5 1gG4
MRS T A 2 L SRR HE S /2%, 1
R D 1gGA @ LR %389 5 PSC & [gG4-
SC %, F UEREBDOEL 2REE DD, BIOHK
BB DD E 72 S H TR,

ST ) T 14 —

JEEEZ LI PSC DB O T— IV KR Y & —
FTHhAH. MRC L, FEREMTHY, FEEHR
AR L, IEEMEND > THIRELKOME
BlEERTZENTEDLDT, PSC DBWTIZBWT
ERDATONEEST ) T4 — L BbNBT |
7L, ERCP IZIFM#ZRILT X % £ \v»9 MRCP
W WH EHRH S, MRPIZBEEOK I LD
ERP 1245 Z L IFFED ST \vhs, MRC i
[gG4-SC A gEb N 72 BEIZ BV THEER DD
BB 9 5. ERCP X, FE#AIAG7ZfH
BGREELLY, NHENEEERPLELREE
W2 AIRE,»D Ltk 2L T, PREML
BRI OBWEEE B 55 L Wil 7/ 1 X
DRAREPLETH B2,

X # &

AIP & [gG4-SC DFZFEIZB W THHKE IZE
Epixdl % R7-¥. ERCP & EUS I3WEE DU
BOWTHLELRDFRTH L. NWHRENITROK
Ak & ARSEEYICERIN L 72812 & 2 2R 2 &
L L VIR TN ADORFEFRDLNS.
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ROLE OF ENDOSCOPY IN THE DIAGNOSIS OF AUTOIMMUNE
PANCREATITIS AND IMMUNOGLOBULIN G4-RELATED
SCLEROSING CHOLANGITIS

Terumi KAMISAWAY, Hirotaka OHARA?, Myung Hwan Kim?,
Atsushi KANNO?, Kazuichi OKAZAKI® anp Naotaka FUJITAY
1) Department of Internal Medicine, Tokyo Metropolitan Komagome Hospital.
2) Department of Community-Based Medical Education, Nagoya City University Graduate School of Medical
Sciences.
3) Department of Gastroenterology and Hepatology, Kansai Medical University.
4) Division of Gastroenterology, Tohoku University Graduate School of Medicine.

5) Department of Gastroenterology, Sendai City Medical Center.
6) Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine.

Autoimmune pancreatitis (AIP) must be differentiated from pancreatic carcinoma, and immu-
noglobulin (Ig) G4-related sclerosing cholangitis (SC) from cholangiocarcinoma and primary scle-
rosing cholangitis (PSC). Pancreatographic findings such as a long narrowing of the main pancre-
atic duct, lack of upstream dilatation, skipped narrowed lesions, and side branches arising from the
narrowed portion suggest AIP rather than pancreatic carcinoma. Cholangiographic findings for
PSC, including band-like stricture, beaded or pruned-tree appearance, or diverticulum-like out-
pouching are rarely observed in 1gG4-SC patients, whereas dilatation after a long stricture of the
bile duct is common in 1gG4-SC. Transpapillary biopsy for bile duct stricture is useful to rule out
cholangiocarcinoma and to support the diagnosis of 1gG4-SC with IgG4-immunostaining. IgG4-
immunostaining of biopsy specimens from the major papilla advances a diagnosis of AIP. Con-
trastenhanced endoscopic ultrasonography (EUS) and EUS elastography have the potential to pre-
dict the histological nature of the lesions. Intraductal ultrasonographic finding of wall thickening
in the non-stenotic bile duct on cholangiography is useful for distinguishing IgG4-SC from cholan-
giocarcinoma. Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) is widely used to
exclude pancreatic carcinoma. To obtain adequate tissue samples for the histological diagnosis of
AIP, EUS-Tru-cut biopsy or EUS-FNA using a 19-gauge needle is recommended, but EUS-FNA
with a 22-gauge needle can also provide sufficient histological samples with careful sample pro-
cessing after collection and rapid motion of the FNA needles within the pancreas. Validation of
endoscopic imaging criteria and new techniques or devices to increase the diagnostic yield of en-
doscopic tissue sampling should be developed.
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IgG4-related disease

Terumi Kamisawa, Yoh Zen, Shiv Pillai, john H Stone

IgG4-related disease is a protean condition that mimics many malignant, infectious, and inflammatory disorders.
This multi-organ immune-mediated condition links many disorders previously regarded as isolated, single-organ
diseases without any known underlying systemic condition. It was recognised as a unified entity only 10 years ago.
Histopathology is the key to diagnosis. The three central pathology features of IgG4-related disease are
lymphoplasmacytic infiltration, storiform fibrosis, and obliterative phlebitis. The extent of fibrosis is an important
determinant of responsiveness to immunosuppressive therapies. IgG4-related disease generally responds to
glucocorticoids in its inflammatory stage, but recurrent or refractory cases are common. Important mechanistic
insights have been derived from studies of patients treated by B-cell depletion. Greater awareness of this disease is
needed to ensure earlier diagnoses, which can prevent severe organ damage, disabling tissue fibrosis, and even death.
Identification of specific antigens and T-cell clones that drive the disease will be the first steps to elucidate the

pathogenesis of IgG4-related disease.

Introduction

IgG4-related disease is a multi-organ immune-mediated
condition that mimics many malignant, infectious, and
inflammatory disorders.® The diagnosis links many
conditions once regarded as isolated, single-organ
diseases without any known underlying systemic
condition (panel 1). IgG4related disease, unrecognised
as a unified disease for well over a century, has been
likened to a “black crow flying through the dark night”*
The disease has many similarities to sarcoidosis and
some forms of systemic vasculitis, other protean diseases
in which the histopathological findings are consistent
across a wide range of organ systems.

Two introductory points deserve emphasis. First,
awareness of IgG4-related disease is essential because the
disorder is treatable. The therapeutic approaches contrast
starkly with those of some of the disorders in the
differential diagnosis (panel 2), especially malignant
disorders but also autoimmune diseases, such as
Sjbgren’s syndrome, granulomatosis with polyangiitis,
and membranous nephropathy. Second, knowledge of
the immune dysregulation associated with IgG4-related
disease explains much about the human immune system.
Progress in elucidation of the basis of IgG4related
disease has been swift.

Epidemiology

Understanding of the epidemiology of IgG4-related
disease is hampered by insufficient awareness of the
diagnosis, because the disease did not appear in medical
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publications until 2003.>¢ Definitive diagnosis generally
necessitates a biopsy, insightful interpretation of the
pathology, and rigorous clinicopathological correlation.
Although the overall prevalence of type 1 (IgG4-related)
autoimmune pancreatitis in Japan has been estimated as
2-2 cases per 100000 population,” the pancreas is only
one of more than a dozen organs affected by IgG4-related
disease. Therefore, this is surely a substantial under-
estimate of the true prevalence, especially because the
study from which this estimate was derived was done
early in the development of knowledge about IgG4-related
disease. The prevalence of various organ manifestations
also remains unclear, but autoimmune pancreatitis,
sialadenitis (particularly of the submandibular gland),
dacryoadenitis, and IgG4-related retroperitoneal fibrosis
are the most common disease features.

The typical patient with IgG4-related disease is a
middle-aged to elderly man’® For autoimmune
pancreatitis, the mean age at diagnosis is 67 years and
the male to female ratio is three to one’ The male
predilection contrasts strikingly with classic autoimmune
diseases, for which female patients can outnumber male
cases by nine to one. For organs of the head and neck,
however—the orbits, salivary glands, and sinuses—the
proportions of male and female patients are roughly
equal’ The reasons for differential organ expression in
the two sexes are unclear.

We know of no reports of familial cases of IgG4-related
disease. More extensive studies of patients from several
ethnic backgrounds are needed before any conclusions
can be drawn about genetic susceptibility.**

Pathology

Histology features

Histopathology is the key to diagnosis of IgG4-related
disease. Three central pathology features are lympho-
plasmacytic infiltration, obliterative phlebitis, and
storiform fibrosis (figure 1).* The lymphocytes and
plasma cells are polyclonal. Eosinophils are also
commonly present and exireme examples can resemble
eosinophilic organopathy, but neutrophilic infiltration is
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rare in IgG4related disease. Necrosis, discrete
granulomata, and xanthogranulomatous changes are
atypical and, when present, suggest other diagnoses.™*

Fibrosis is a histological prerequisite for the diagnosis.
Some fibrosis is present in all cases, even in patients who
present shortly after symptom onset. Storiform fibrosis,
characterised by radially arranged collagen fibres that
seem to weave through the tissue, typifies the unique
pattern associated with IgG4-related disease (figure 1).”*
Because of its typically patchy distribution, however,
storiform fibrosis sometimes escapes detection through
sampling error, especially if the tissue is obtained by
needle biopsy. Acellular, keloidal fibrosis is not
characteristic of IgG4-related disease.

The characteristic venous lesion, obliterative phlebitis,
is defined as the partial or complete obliteration of
medium-sized veins®* This finding should be
distinguished from fibrous venous occlusion with no
inflammation, which is known to occur in other conditions
(eg, primary sclerosing cholangitis). Obliterated veins
commonly appear as an inflammatory nodule next to a
patent artery (figure 1) and sometimes can be identified as
veins only through elastin staining (figure 1).

The histological appearance is similar for all organs.
Some more organ-specific changes, however, are
noteworthy. Both obliterative arteritis and focal
neutrophilic infiltration, rare in other organs, can occur
in the lungs. Obliterative arteritis lacks the vascular-wall
necrosis typical of many systemic vasculitides. The
neutrophilic infiltration in IgG4-related pulmonary
disease is typically seen in alveolar spaces.” Other minor
pathological differences between organs include the
absence of storiform fibrosis within lacrimal glands and
Iymph nodes, and the lower frequency of obliterative
phlebitis in salivary glands, lacrimal glands, lymph
nodes, and kidneys.”” The rarity of fibrosis in lymph
nodes means that the diagnosis of IgG4-related disease is
difficult on the basis of lymph-node pathology alone.

Immunostaining

High numbers of IgG4-positive plasma cells at tissue
sites are a disease hallmark, even when serum IgG4
concentrations are normal. The finding of 1gG4-positive
plasma cells is helpful in differentiating IgG4-related
disease from other plasma-cell-rich disorders, such as
primary sclerosing cholangitis and multicentric
Castleman’s disease.'*”

In interpretation of tissue IgG4 stains, several caveats
must be borne in mind."” First, IgG4-positive plasma cells
are generally present diffusely throughout lesions of
IgG4-related disease. Focal aggregations of IgG4-positive
cells are atypical. Second, the absolute number of
1gG4-positive plasma cells must be interpreted according
to the specific tissue. An international pathology
consensus statement proposed, for example, that for
sialadenitis the cutoff value should be at least 100 cells
per high-power field, but that in the pancreas more than
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50 cells per high-power field is compatible with a
diagnosis of autoimmune pancreatitis.” Third, the ratio
of IgG4 to IgG-positive plasma cells must be at least 40%
(it is typically 70% or higher) (figure 1). Finally, and most
importantly, IgG4-related disease cannot be diagnosed
on the basis of infiltration by IgG4-positive cells alone,
because these plasma cells can be present in other
inflammatory and neoplastic disorders.*

Fibrosis commonly predominates over a long disease
course, and the histological features can become less
specific in patients with longstanding disease. Thus, some
undiagnosed or untreated cases of IgG4-related disease
are consigned to categories such as so-called idiopathic
end-stage diseases—for example, chronic pancreatitis,
cryptogenic cirrhosis, or honeycomb lung. Review of
biopsy samples taken earlier in the course, however, could
document the progression of IgG4-related disease from a
lymphoplasmacytic infiltrate to one characterised mainly
by fibrosis.

Morphological change of affected organs
Transformations in the gross pathology of affected
organs occur. The pancreas and kidneys become
diffusely enlarged (appendix). By contrast, ductal organs
(eg, bile duct, bronchus) assume the appearance of a
pipe stem, with diffuse wall-thickening (figure 1).” In
IgG4-related disease, discrete small nodules within an
otherwise unremarkable organ are seen occasionally,
indicating site-selective immune reactions. The
background tissue is histologically not inflamed, even
though its tissue constituents are the same as those of
affected regions (figure 1). This feature contrasts with
those of classic autoimmune disorders such as
autoimmune hepatitis and Graves’ disease, in which the
organs are diffusely inflamed and the cells targeted are
injured non-selectively.
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Pathophysiology

Two parallel processes could underlie the observed
pathological features in IgG4-related disease. The first
is the induction of a polarised CD4-positive T-cell
population, yet to be conclusively characterised, which
activates innate immune cells, including macrophages,
myofibroblasts, and fibroblasts to drive fibrosis. This
process could involve the collaboration of activated
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B-lineage cells, possibly expanded plasmablasts that enter
the damaged tissue along with activated CD4-positive
T cells. The second is a feedback negative regulatory
process, which might involve the generation of
IgG4-secreting plasmablasts, plasma cells, and IgG4
antibodies.

Several reasons lead us to believe that IgG4 itself is not
a driver of pathogenesis. IgG4 antibodies undergo a
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process called Fab-arm exchange within the endosomal
compartment of endothelial cells.® In this process, the
heavy-chain dimers of an IgG4 molecule dissociate and
each hemi-molecule associates with another, different,
hemi-IgG4 protein. Most secreted IgG4 is therefore
functionally monovalent and cannot crosslink antigens
to form the lattice structure found in immune complexes.
As a result, IgG4 antibodies do not directly fix
complement, they bind poorly to activating Fc receptors,
and they are generally thought to be non-inflammatory.
IgG4 concentrations are also known to rise after IgE
concentrations decline in allergic disorders. For these
reasons, one possible view of IgG4 is that it perhaps
evolved as a non-inflammatory antigen sink that is
largely monovalent, the purpose of which is to mop up
antigen in an attempt to attenuate inflammatory
processes. In theory, however, IgG4 could be pathogenic
and could perhaps collaborate with circulating lectins to
activate complement in disease lesions. However, no
evidence to support such a view is available.

T cells are implicated in the disease pathogenesis for
several reasons, the most obvious of which is the
observation that many CD4-positive T cells are present at
sites of inflammation in IgG4-related disease. The finding
of a linkage to HLA class II in a Japanese population
indirectly supports a role for CD4-positive T cells.?
Although Th2 cells that secrete interleukins 4, 5, and
13 are commonly implicated in the pathogenesis of
fibrosis, many diseases, including tuberculosis and
Crohn’s disease, have a more dominant Thl phenotype
that is linked to fibrosis. Indeed, in 1gG4-related disease,
conflicting reports have implicated Th1 cells and Th2 cells
in disease pathophysiology.”* Studies published this year
suggest that circulating Th2 memory cells do accumulate
in a proportion of people with IgG4-related disease but
only if they have concomitant atopic disease.”* The
precise nature of the disease-causing CD4-positive T cells
remains to be resolved.

The molecular mechanisms that drive the IgG4 class
switch remain unknown, but roles for interleukins 4 and
10 have been suggested.® Although a link between
Th2 cells and both the I1gG4 class switch and the disease
process is tempting, our understanding of the role of
T cells in isotype switching has evolved. Class switching to
IgE is driven by T-follicular helper cells that make
interleukin 4, not by Th2 cells themselves.* Therefore,

some polarised T cells, perhaps Th1 or Th2 cells or those of -

a yet to be identified phenotype, could drive the storiform
fibrosis and obliterative phlebitis. A separate T-follicular
helper cell response might bring about generation of the
IgG4 phenotype that helps define the disease.

One plausible model of pathogenesis is that in
genetically susceptible individuals, generally older men,
some environmental insult, possibly an encounter with a
specific microbe, triggers tissue damage and a break in
immunological tolerance. A self-antigen-driven, polarised
CD4-positive T-helper response would induce a fibrotic
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pathological process at one or several sites. The reasons
for the targeting of particular organs remain unclear.
Within these organs, increased CD4-positive T cells would

Figure 1: Pathological features of 1gG4-related disease

(A) Submandibular gland affected by a fibroinflammatory process; the inflammatory-cell infiltrate consists mainly
of lymphocytes and plasma cells, and whorls of fibrosis are evident throughout the tissue. (B) Storiform fibrosis is
apparent in a sclerotic area of the bile duct in this patient with IgG4-related sclerosing cholangitis. (C) In
obliterative phlebitis, an obliterated vein creates an inflammatory nodule (arrow) next to a patent artery (from a
patient with type 1 {IgG4-related] autoimmune pancreatitis). (D) Van Gieson stain (for elastin) shows obliterative
phlebitis (arrow); the adjacent artery is intact. (E) and (F): Immunostaining for lgG4 shows many 1gG4-positive
plasma cells in (E) a lacrimal-gland biopsy sample; (F) the IgG-stained section shows that the ratio of IgG4 to
1gG-positive plasma cells is above 80%. (G) Transection of the bile duct with igG4-related sclerosing cholangitis
shows diffuse wall thickening. (H) A well circumscribed nodule (arrows) is formed in the pancreatic head of this
patient with type 1 (IgG4-related) autoimmune pancreatitis; the background pancreas is unremarkable.
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activate innate immune cells that secrete other cytokines
and drive the pathology. The memory CD4-positive T cells
that orchestrate the disease are presumably sustained by
antigen-presenting B cells, which would explain the
clinical improvement after B-cell depletion.”” Either the
same antigen or some event triggered by fibrosis could
trigger a parallel T-follicular helper response that would
induce the development of germinal centres within lymph
nodes and the generation of IgG4-secreting plasmablasts
and long-lived plasma cells. The existence of these cells
can be inferred because rituximab does not completely
attenuate IgG4 concentrations in treated patients.

Diagnosis

Tissue biopsy is the gold standard for diagnosis in most
settings. Review of archived pathology samples can
confirm the diagnosis of IgG4-related disease on
histological findings alone, if large specimens such as
submandibular gland resections are available. Even with

supporting  histopathological ~ evidence, however,
clinicopathological correlation is needed to confirm
the diagnosis.

Imaging is an important part of the diagnostic
approach in many organs. Under some circumstances,
the imaging findings in autoimmune pancreatitis
(appendix) can be regarded as diagnostic, provided that
the clinical presentation is also straightforward. Because
imaging findings elsewhere in the body are less specific,
tissue diagnosis is important for patients with no
pancreatic involvement. Several samples or repeat biopsy
procedures might be needed. PET can help to define the
extent of organ involvement and can also be helpful in
monitoring disease activity after treatment.?

Differentiation of IgG4-related disease from malignant
tumours is crucial. Common mimics of multi-organ
IgG4-related disease are Sjogren’s syndrome, granulo-
matosis with polyangiitis, eosinophilic granulomatosis
with polyangiitis (formerly Churg-Strauss syndrome),
sarcoidosis, and multicentric Castleman’s disease.
Single-organ diseases such as primary sclerosing
cholangitis must also be excluded (panel 2).

Four sets of diagnostic criteria for specific organs have
been devised.”* Comprehensive diagnostic criteria for
IgG4-related disease have been proposed for practical use
by non-specialists.*

Serology

High serum IgG4 concentrations are neither sufficiently
sensitive nor specific for diagnosis. Serum IgG4
concentrations are useful for screening but are
unreliable as a single diagnostic marker. About 20% of
patients with type 1 autoimmune pancreatitis have
normal serum IgG4 concentrations at presentation.”
The proportion with normal concentrations can be
somewhat lower among patients with multi-organ
disease,” but many diagnoses can be associated with
high serum IgG4 concentrations. In one study, 22% of
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patients who did not have IgG4-related disease had
serum IgG4 concentrations higher than twice normal.”
Other studies have shown that 4-10% of both healthy
and disease controls, including patients with pancreatic
cancer, have high serum IgG4 concentrations.’*?
Increased ratios of IgG4 to total IgG (>10%) or 1gG1
(>24%) increase diagnostic specificity, especially when
IgG4 concentrations are only slightly raised.® The
identification of high numbers of plasmablasts within
blood by flow cytometry is more sensitive than serum
IgG4 concentrations,”? but such assays are not yet
widely available.

Monitoring of serum IgG4 concentrations seems
useful in assessment of disease activity in some patients,
but this measurement should never be used as the sole
determinant in treatment decisions. The serum IgG4
concentration declines substantially after glucocorticoid
treatment in most patients, but in one study did not
return to the normal range in 115 (63%) of 182 patients.”
Clinical relapses occurred in 10% of patients who had
persistently normal IgG4 concentrations.®

Nephelometry assays for IgG4 are prone to error in the
presence of large antigen excess, potentially leading to
gross underestimates of the serum IgG4 concentration
because flocculation does not occur. This effect, known
as the prozone phenomenon, can lead to false reports of
normal serum IgG4 concentrations and has been
observed frequently in patients with IgG4-related disease
with serum IgG4 concentrations many times higher than
the upper limit of normal.* Appropriate dilution of the
serum sample during the assay process prevents the
prozone effect.

Organ involvement

Constitutional and musculoskeletal symptoms

The presentation of IgG4-related disease is typically
subacute, with symptoms and organ dysfunction
evident for months or even years before diagnosis.
Disease can progress haltingly, with occasional
spontaneous improvements (generally temporary) or
long plateaus of disease quiescence in a specific organ.
In such cases, disease recurrence in an organ known to
be affected or the emergence of new organ involvement
can lead to diagnosis.

Weight loss of 5-10 kg can occur over months, but
fevers and hectic presentations are unusual. Fatigue
commonly accompanies [gG4-related disease, especially
when the disease affects several organ systems. We have
observed a diffuse array of musculoskeletal symptoms,
including arthralgias and enthesopathy (inflammation in
the site at which a tendon inserts into a bone). To date,
however, no histopathological abnormalities of synovium
or tenosynovium have been confirmed.

Orbits

The typical ophthalmic presentation involves swelling
within the ocular region or frank proptosis, generally
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caused by lacrimal-gland enlargement (dacryoadenitis;
figure 2).” Proptosis can also result from orbital
pseudotumours that do not affect the lacrimal gland,
from involvement of extraocular muscles (orbital
myositis), and from combinations of these abnormalities.
Less common ophthalmic manifestations of IgG4-related
disease are scleritis, disease of the nasolacrimal duct
(obstruction), and compression of peripheral nerves in
the area of the orbit, particularly the trigeminal and
infra-orbital nerves.**

Salivary glands

Both major and minor salivary glands can be affected by
IgG4-related disease.™* A disorder known for more
than 100 years as Mikulicz’s disease, consisting of
dacryoadenitis and enlargement of the parotid and
submandibular glands, is now recognised as a classic
IgG4-related condition.™* Isolated enlargement of the
submandibular glands (figure 2) is a common finding in
IgG4-related disease. By contrast, in Sjogren’s syndrome
parotid enlargement predominates. Parotid disease in
IgG4-related disease can also be extensive, however
(figure 2), as can sublingual-gland enlargement. Xero-
stomia commonly accompanies IgG4-related disease,
but it is generally less severe than in Sjégren’s syndrome
and, in contrast to Sjogren’s syndrome, can improve
with immunosuppression.

Ears, nose, and throat

Allergic features occur in a substantial subset of patients
with IgG4-related disease and in many cases are most
prominent in the ears, nose, and throat (eg, allergic
rhinitis, nasal polyps, chronic sinusitis, nasal obstruction,
and rhinorrhea). Many patients have longstanding
histories of allergy (rhinitis, nasal polyps, asthma, mild
eosinophilia) before the full IgG4-related disease
phenotype emerges. Mild to moderate peripheral
eosinophilia, sometimes up to 20% or more of the
leucocyte count, is common. High serum IgE
concentrations, sometimes higher than ten times the
upper limit of normal, are also common. However, most
patients with IgG4-related disease are not atopic.* A
subset of non-atopic individuals has peripheral-blood
eosinophilia and high concentrations of IgE, which
suggests that processes inherent to IgG4-related disease
itself rather than atopy contribute to the eosinophilia and
high IgE concentrations.

IgG4-related disease can lead to diffuse inflammation
in the pharynx, hypopharynx, and Waldeyer’s ring,
frequently associated with mass lesions.® Tracheal
inflammation and vocal-cord involvement have also been
described. Further studies are needed of the potential
relation between IgG4-related disease and so-called
idiopathic subglottic stenosis or isolated tracheal
inflammation. Mass lesions can occur in the sinuses,
and destructive lesions in the middle ear and facial bones
have been reported.®
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Figure 2: Clinical features

(A) Dacryoadenitis; the typical ophthalmic presentation of IgG4-related disease involves some swelling within the
ocular region or proptosis, generally caused by lacrimal-gland enlargement. (B) Submandibular gland enlargement
in a patient who had previously undergone a Whipple procedure for presumed pancreatic adenocarcinoma that

was shown by histopathology to be type 1 (IgG4-related) autoimmune pancreatitis. (C) Parotid disease in a

70-year-old woman who had a classic case of what used to be called Mikulicz disease, the triad of parotid, lacrimal,
and submandibular gland enlargement. (D) Chest CT shows thickening of the bronchovascular bundie in the right

lung as well as a posterior ground-glass infiltrate.

Thyroid gland

Riedel's thyroiditis (appendix) has been linked convin-
cingly to IgG4-related disease.® Fibrosing Hashimoto's
thyroiditis also seems to be in the range of IgG4-related
disease pathology.”* More controversial is the assertion
thata substantial proportion of patients with Hashimoto’s
thyroiditis also have an IgG4-related disorder. A form of
thyroid disease referred to as IgG4-related thyroiditis,
distinct from Hashimoto’s thyroiditis, is purported,” but
further study is needed.

Lymphadenopathy

The lymphadenopathy associated with IgG4-related
disease is typically either generalised or localised disease
adjacent to an affected organ.” The affected lymph nodes
are generally 1-3 c¢m in diameter and non-tender.
Involvement of the cervical, supraclavicular, subman-
dibular, axillary, hilar, mediastinal, para-aortic,
retroperitoneal, and inguinal nodes has been described.
Diagnosis of IgG4-related disease through lymph-node
biopsy is difficult because lymph nodes are unlikely to
show the degree of fibrosis seen in other organs.

Thoracic aorta, branches of the aorta, and coronary lesions
IgG4-related aortitis can lead to aneurysms or
dissections in the thoracic aorta.® This feature,
commonly an incidental radiological finding, is also
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Figure 3: IgG4-related disease in the kidney

(A) Tubulointerstitial nephritis in the setting of IgG4-related disease shows the histopathology found in other
organs: a lymphoplasmacytic infiltrate (with an 1gG4 predominance among plasma cells), storiform fibrosis, and
moderate tissue eosinophilia. (B) Obsolescent glomeruli.
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sometimes an unexpected finding at surgery. In
contrast to giant-cell and Takayasu’s arteritis, which
mainly affect the primary aortic branches, especially
the subclavian arteries, IgG4-related disease tends to
spare these vessels, at least in terms of clinical
manifestations. No  definitive  histopathological
investigations of primary aortic branch vessels have
been undertaken, but small case series substantiate the
concept that medium-sized blood vessels can also be
affected by IgG4-related disease.®” Coronary artery
lesions in IgG4-related disease are rare but
documented.®

Chronic periaortitis and retroperitoneal fibrosis
So-called idiopathic retroperitoneal fibrosis, known for
decades as Ormond’s disease,” is now classified within a
larger disease grouping known as chronic periaortitis
(appendix). The three major components of chronic
periaortitis are IgG4-related retroperitoneal fibrosis,
IgG4-related abdominal aortitis, and IgG4related
perianeurysmal fibrosis.®”

The presentations of IgG4-related chronic periaortitis
can be subtle and non-specific, leading to diagnostic
delay. Common presentations are: a poorly localised
pain in the back, flanks, lower abdomen, or thighs; leg
oedema; and hydronephrosis from ureteral involvement.
The disease targets three sites: periaortic/arterial
regions, involving connective tissue around the
abdominal aorta or its first branches (appendix);
periureteral areas, tending to cause ureteral obstruction
and hydronephrosis; and a plaque-like mass that broadly
involves the retroperitoneum.

IgG4-related disease is the cause of up to two-thirds of
cases of idiopathic retroperitoneal fibrosis.®” In
advanced disease, the ratio of IgG4-positive plasma cells
to the total number of plasma cells in tissue can be more
helpful diagnostically than the overall number of
IgG4-positive plasma cells per high-power field. Even if
the classic lymphoplasmacytic infiltrate is not evident in
longstanding cases, both storiform fibrosis and
obliterative  phlebitis are commonly identified
(appendix).
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Lungs

The greatest diversity of clinical and radiological
presentations is seen in the lungs.” Thickening of the
bronchovascular bundle, best shown by CT, is a
characteristic lesion (figure 2); it shows the tendency of
IgG4-related disease to track along bronchi and blood
vessels, which course together.” Other radiological
features of IgG4-related disease include pulmonary
nodules, ground-glass opacities, pleural thickening,
and interstitial lung disease. The last of these, which
mimics non-specific interstitial pneumonitis and other
forms of interstitial fibrosis, emphasises the fibrotic
tendencies of [gG4-related disease.

Kidneys

The most characteristic form of IgG4related renal
disease is tubulointerstitial nephritis, which has the same
histopathology as in other organs: lymphoplasmacytic
infiltrate with IgG4 predominance among plasma cells;
storiform fibrosis; and moderate tissue eosinophilia
(figure 3).” IgG4-related tubulointerstitial nephritis is
distinguished from many other forms of organ
involvement by profoundly low concentrations of
complement. The basis of this feature remains poorly
understood but is unlikely to be explained by IgG4 itself,
because this molecule does not bind complement
effectively. One plausible explanation is that
hypocomplementaemia in IgG4-related disease results
from the formation of immune complexes that contain
IgG1or IgG3, subclasses that are raised to a lesser degree
in many cases and bind complement more effectively.

Many patients with IgG4-related tubulointerstitial
nephritis have substantial enlargements of the kidney
and hypodense lesions evident on CT (appendix).
Patients with this disorder can experience advanced renal
dysfunction and even end-stage renal disease. Substantial
proteinuria can develop, but concentrations are generally
subnephrotic. Kidneys affected by IgG4-related disease
can undergo atrophy, even in the setting of good clinical
responses to therapy.”

Membranous glomerulonephropathy also occurs in
IgG4-related disease.™ Although the antibody to PLA2
receptor linked to idiopathic membranous glomerulo-
nephritis is primarily of the IgG4 subclass this
specific antibody is not associated with IgG4-related
membranous glomerulonephropathy.”

Pancreas

The pancreas was the first organ recognised to be
associated with high serum IgG4 concentrations.**”
Two subtypes of autoimmune pancreatitis are known,
only one of which (type 1) is associated with IgG4-related
disease.’” Type 1 autoimmune pancreatitis, the more
common form worldwide, is characterised by the
classic histopathological findings of lymphoplasmacytic
sclerosing pancreatitis. Type 2, by contrast, has no
relation to IgG4-related disease and is identified on the
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basis of histological features of neutrophilic infiltration
into the epithelium of the pancreatic duct.”*

The most common clinical presentation of auto-
immune pancreatitis is obstructive jaundice, induced by
concomitant  IgG4-related  sclerosing  cholangitis.
Secondary diabetes mellitus occurs in about half of cases,
which makes treatment with glucocorticoids difficult in
many patients. Differentiation of autoimmune pancreatitis
from pancreatic cancer is crucial to avoid unnecessary
surgery. The nearly diagnostic CT features of autoimmune
pancreatitis include diffuse pancreatic enlargement with
delayed enhancement and a capsule-like low-density rim
(appendix).** Diffuse, irregular narrowing of the main
pancreatic duct on endoscopic retrograde and magnetic
resonance cholangiopancreatography is also highly
specific for autoimmune pancreatitis. In cases of
segmental autoimmune pancreatitis, skipped narrowed
lesions, side-branch derivation from the narrowed portion,
and relatively less upstream dilatation on pancreatography
suggest autoimmune pancreatitis rather than pancreatic
cancer (appendix).®® In PET studies, uptake of fluoro-
deoxyglucose in organs other than the pancreas known to
be affected by IgG4-related disease suggests autoimmune
pancreatitis.®®

International consensus diagnostic criteria for
autoimmune pancreatitis were proposed in 2011.*
Under these criteria, the diagnosis can be made by a
combination of parenchymal and ductal imaging, serum
IgG4 concentrations, pancreatic histology, extra-
pancreatic disease, and glucocorticoid responsiveness.
Endoscopic ultrasonography-guided fine-needle aspir-
ation is a useful diagnostic approach to exclude
pancreatic cancer and should be attempted before any
empirical trial of glucocorticoid treatment is undertaken.
Several cases of pancreatic cancer have been reported in
patients with type 1 autoimmune pancreatitis.*®
Pancreatic stones occur with increased frequency among
these patients.”*

1gG4-related sclerosing cholangitis and cholecystitis
Type 1 autoimmune pancreatitis is commonly
accompanied by IgG4-related sclerosing cholangitis.”
Whether the limited intrapancreatic bile-duct stricture
associated with autoimmune pancreatitis should be
regarded as a biliary manifestation of IgG4-related
disease is controversial, because such stenoses can be
induced by compression from the swollen pancreas.”
The histology of IgG4-related sclerosing cholangitis
includes obliterative phlebitis and transmural fibrosis
with dense infiltration of IgG4-positive plasma cells
and T cells.

IgG4related  sclerosing cholangitis must be
differentiated from both primary sclerosing cholangitis
and hilar cholangiocarcinoma. Neither serum IgG4
concentrations nor cholangiographic or cholangioscopic
findings differentiate these disorders clearly.®* Thus,
endoscopic transpapillary biopsy is generally needed.
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Although cholangiocarcinoma can be excluded by
endoscopic biopsy, the superficial nature of samples
obtained by this procedure limits their usefulness for
diagnosis of IgG4-related sclerosing cholangitis.”

IgG4-related cholecystitis can occur with sclerosing
cholangitis. Thickening of the gallbladder wall is detected
on imaging, but it is asymptomatic in most cases.”

Other organs

IgG4-related disease seldom, if ever, affects the brain
parenchyma but it is one of the most common causes of
hypertrophic pachymeningitis.” IgG4-related disease is
also an unheralded cause of hypophysitis. IgG4-related
hypophysitis can lead to hormone deficiencies from both
the anterior and posterior pituitary.”® MRI shows sellar
enlargement and thickening of the pituitary stalk.

Sclerosing lesions of both the mediastinum and
mesentery have been described”® In fibrosing
mediastinitis, compression of vital mediastinal
structures can result from proliferation of invasive
fibrous tissue within the mediastinum. A review of
15 patients with fibrosing mediastinitis showed that a
substantial proportion of cases are within the
IgG4-related disease spectrum.” The relation between
these cases and antecedent infections with histoplasma,
if any, remains unclear.

The inflammatory process in sclerosing mesenteritis
seems to originate at the mesenteric root.” The ensuing
process merges imperceptibly with retroperitoneal fibrosis
and can evolve in a devastating manner, encasing vital
organs and obviating any attempt at surgical resection.

Several clinical presentations of IgG4-related skin
disease have been reported. The most common is the
presence of erythematous papules. These lesions
typically affect the head and neck but have also been
described on the trunk and limbs.” Among individuals
with darkly pigmented skin, hyperpigmented lesions
have been observed. Peripheral-nerve lesions typically
consist of perineural masses, up to 3 cm in diameter.
These are commonly seen on MRI in the absence of
overt clinical manifestations.®

The diagnosis of IgG4-related prostate disease is
commonly made presumptively when the initiation of
treatment for IgG4-related disease in other organs
mediates abrupt symptomatic relief of apparently benign
prostatic hypertrophy. Both radiological demonstration
of prostatic enlargement and biopsy-proven IgG4-related
prostatic disease have been reported.”

Treatment

Glucocorticoids

Most clinical manifestations of IgG4-related disease
respond to glucocorticoids. These agents are the first-line,
standard-of-care approach for most patients.”” However,
no randomised treatment trials have been done, and few
large retrospective examinations have been reported. One
treatment approach uses a starting prednisolone dose of
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0-6-1-0 mg/kg daily.®® After 2-4 weeks, the dose is
tapered by 5 mg every 1-2 weeks according to clinical
responses (eg, clinical manifestations, blood tests, and
follow-up imaging studies). Practice varies as to whether
the prednisolone is discontinued entirely after 2 or
3 months or maintained at a low dose. A single-group trial
of prednisolone in Japan showed complete remissions in
only 61% of patients at 1 year despite continuation of
maintenance doses of prednisone in all patients."®

Clinical improvement after the start of glucocorticoid
therapy is rapid, and a follow-up serological assessment
should be done about 2 weeks after treatment initiation.
Follow-up radiological assessment is also appropriate for
some types of organ involvement, such as the pancreas,
biliary tree, lungs, and kidneys. PET with fluoro-
deoxyglucose is useful to assess treatment response.” A
swift response to glucocorticoids is reassuring and
provides further diagnostic confirmation if a tissue
diagnosis was not possible before the start of therapy. A
poor response to glucocorticoids, however, should raise
the possibility of other diagnoses, particularly cancer.

The response to glucocorticoids varies according to the
affected organs and the degree of fibrosis® Both
endocrine and exocrine pancreatic function can improve
in autoimmune pancreatitis, and salivary secretion in
IgG4-related sialadenitis is more likely to improve after
glucocorticoid therapy than is the glandular function of
Sjogren’s syndrome.®™* By contrast, retroperitoneal
fibrosis, sclerosing mesenteritis, and fibrosing mediasti-
nitis are less amenable to therapy with glucocorticoids,
underscoring the importance of early diagnosis
and treatment.”

Conventional steroid-sparing agents

Drugs such as azathioprine, mycophenolate mofetil, and
methotrexate, all used widely in gastroenterology,
rheumatology, and transplant medicine as means of
achieving additional immunosuppression and sparing
patients the effects of long-term glucocorticoids, are
commonly chosen for this purpose in IgG4related
disease.”” However, none has been tested in prospective,
controlled studies, and evidence for their efficacy beyond
that offered by concomitant glucocorticoid therapy is
scarce. Rigorous assessment of these treatments in
IgG4-related disease is needed.

B-cell depletion

Rituximab was used initially in patients who did not
respond to glucocorticoids, conventional steroid-sparing
agents, or both, under the assumption that B-cell depletion
might ameliorate the condition putatively mediated by high
serum concentrations of IgG4.7#* The fundamental
assumption underlying this approach now seems incorrect
or at least not entirely true, but careful mechanistic studies
of patients with IgG4-related disease treated with rituximab
have led to several important observations and novel
insights about the pathophysiology of this disorder. First,
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B-cell depletion targets the subset of plasma cells that
produce IgG4 in IgG4related disease.””® They seem
to achieve this action by depleting all circulating
CD20-positive cells (ie, B cells), which interferes in turn
with the repletion of short-lived plasma cells making IgG4.
In other words, the plasma cells generating IgG4 in
IgG4-related disease are mainly of the short-lived type that
naturally undergo apoptosis within weeks. Once these cells
disappear as programmed, they cannot be repleted after
rituximab administration because their precursors—CD20-
positive B cells—are not available.

Second, IgG4-positive plasmablasts (positive for IgG4,
CD38, CD37, and CD19lo cells) seem to be a good
biomarker for IgG4-related disease and are probably
superior to serum IgG4 concentrations for diagnosis and
monitoring of disease activity."* We have seen patients
with substantially raised numbers of IgG4-positive
plasmablasts whose serum IgG4 concentrations were
normal in the setting of active disease. These plasmablasts
decline quickly after B-cell depletion and can be useful in
identifying when to readminister rituximab in some
patients, but this question needs further study.

Future perspectives

In only 10 years since the recognition of extrapancreatic
features in patients with autoimmune pancreatitis
signalled a systemic, multi-organ disease, substantial
progress has been achieved in IgG4-related disease. The
disease has been identified in nearly every organ system
and most of its clinical features have been mapped.
Nomenclature has been standardised, and a consensus
has been achieved about the major and minor
pathological manifestations.** Effective treatments have
been identified and important advances have been made
in understanding of disease pathophysiology through
mechanistic studies of B-cell depletion. Greater
awareness in the medical community of this protean
disease is needed to ensure earlier diagnoses, which can
prevent severe organ damage, disabling tissue fibrosis,
and death. The epidemiology of IgG4-related disease
remains poorly understood, mainly because of
challenges in recognition and differentiation from the
many disorders it mimics. Blood-based diagnostic tests
through serology or flow cytometry would be a step
forward in case identification. Greater understanding of
the immunopathology of IgG4-related disease promises
new insights into human immunology and interactions
between various T-cell pathways, as well as the
possibility of new mechanisms of disease centred
around novel T-cell phenotypes. Identification of
specific antigens and T-cell clones that drive the disease
will be crucial steps in elucidating the pathogenesis of
IgG4-related disease.
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