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MULTIMEDIA ARTICLE - Clinical Imaging

Usefulness of PET/CT Imaging
in Systemic 1gG4-related Sclerosing Disease. A Report of Three Cases

Vien X Nguyen®, Giovanni De Petris?, Ba D Nguyen®

Departments ofGastroenterology and Hepatologathology, andRadiology; Mayo Clinic.
Scottsdale, AZ, USA

Summary

Autoimmune pancreatitis is the pancreatic manifesiaof a novel clinicopathological disorder callsgistemic 1gG4-related
sclerosing disease. Beside the pancreas, this aftigts other sites (salivary glands, orbit, lutiyroid, gallbladder, biliary tree
system, kidney, abdominal aorta, retroperitoneumstate, and lymph node) by infiltration with Ig@ésitive plasma cells. Several
case reports and small case series have demodsthatatility of integrated positron emission torregghy/computed tomography
(PET/CT) in monitoring therapy and documenting retapnd flare-up of autoimmune pancreatitis. Howethere are no reports on
the usefulness of PET/CT in selecting extrapanaresites for tissue sampling. We herein demonstitaée clinical utility of
integrated PET/CT in 3 cases of systemic 1gG4-rdlatéerosing disease for targeting extrapancreatigsy sites.

Introduction

Autoimmune pancreatitis is a rare type of chronic
pancreatitis with presumed autoimmune etiology
characterized by pancreatic fibrosis and inflamarati
due to infiltration of immunoglobulin G4 (IgG4)-
positive plasma cells [1]. It was first describeg b
Sarleset al. in 1961 [2]. In 1995, a Japanese group
introduced the term “autoimmune pancreatitis” as we
know it today [3]. Since then, there is a growing

interest in this disease, and many cases have been

reported around the world. In 2002, Hamagtoal.
were first to perform immunohistochemical analysiis
ureteral lesions in patients with autoimmune
pancreatitis and showed that these lesions were
infiltrated with rich 1gG4-positive plasma cellarslar

to pancreatic lesions [4]. In 2003, Kamisawaal.
performed a similar study on other extrapancreatic
organs in patients with autoimmune pancreatitis and
found the same result [5]. Therefore, they proposed
new clinicopathological disorder called systemiG4g
related sclerosing disease which autoimmune
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pancreatitis is the pancreatic manifestation ofs thi
entity [5]. Sometimes, as seen in one of the 3 case
below, systemic IgG4-related sclerosing disease can
occur without pancreatic involvement.

Integrated positron emission tomography/computed
tomography (PET/CT) is not only a valuable imaging
technique for distinguishing neoplastic from benign
lesions but also a wuseful tool for workup of
inflammatory processes. Several case reports aatl sm
case series in the East (Japan, South Korea) have
documented the utility of PET/CT in diagnosing and
monitoring therapy of autoimmune pancreatitis asd i
extrapancreatic lesions [6, 7, 8, 9, 10, 11, 12,143

15]. However, there are no reports on the ability o
PET/CT imaging in localizing the best target sifes
tissue sampling in order to confirm the diagnogs s
invasive surgical procedures can be avoided. Weitner
reported 3 cases of using PET/CT imaging to sefect
biopsy sites and monitor response to corticotherapy

Case Reports
Case#1

A 52-year-old Chinese male was referred to ourarent
for further workup of acute pancreatitis and common
bile duct stricture. His medical problems included
asthma, chronic cough, allergic rhinitis, and clizon
rhinosinusitis for approximately 20 years; recently
these conditions worsened. At our center, the phtie
underwent pancreas protocol computed tomography
(CT) scan, endoscopic ultrasound (EUS), and
endoscopic cholangiopancreatography (ERCP). CT
scan of the abdomen was negative for pancreatic
lesion. EUS showed one hypoechoic lesion (2.6x1.8
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Figure 2. Composite PET/CT images show hypermetabollc pEtites (@ crosshalr) and right peri-hilar lesion. crosshair). Case#1.
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Figure 3. Composite PET/CT images show hypermetabolic lasarthe bilateral salivary glanda. crosshair) and of the gallbladdér ¢rosshair
Caset#l.

cm) in the head and another hypoechoic lesion 222x
cm) in the body of pancreas; (EUS)-guided fine feed
aspiration (EUS-FNA) of the two lesions was negativ
for pancreatic neoplasm. ERCP demonstrated a high
grade common bile duct stricture, which was treated
with stent placement; common bile duct brushing
cytology was also negative for cancer. At this june,
pancreaticoduodenectomy was contemplated because
he may have pancreatic cancer or cholangiocarcinoma
despite above negative workup. In the interim, RET/
was performed. PET/CT revealed diffuse inflammation
in the pancreas (Figure 1). Extrapancreatic lesians
the abdominal aorta, hilar region of lungs, salyvar
glands, and gallbladder were also observed on PET/C
(Figures 2 and 3). Because of these findings, &tiemt
was suspected to have systemic IgG4-related satgros
disease. As a result, immunoglobulin G (IgG) arnd4g
levels were measured. Only IgG level was elevated
(IgG: 2,430 mg/dL, reference range: 767-1,590 mg/dL
IgG4: 41.2 mg/dL, reference range: 2.4-121.0 mg/dL)
Immunoglobulin E (IgE) was 527 KU/L (reference
range: 0-127.0 KU/L), and the carbohydrate antigen
19-9 (CA 19-9) was 37 U/mL (reference range: 0-37
U/mL). In order to support the suspected diagnosis,
CT-guided biopsy of the left submandibular glandswa
performed and immunochemical staining was
consistent with IgG4-related sclerosing diseaserémo
than 30 IgG4-positive cells per high power field).
Therefore, he was treated with prednisone 40 mig.dai
After one month of corticotherapy, a repeated PHT/C
showed resolution (Figure 4); however, there was an

JOP. Journal of the Pancreas - http://www.jopliek-Vol. 12 No. 3 - May 2011. [ISSN 1590-8577]

increase in 1gG4 level (546 mg/dL) with a decrese
IgG (1,310 mg/dL). The patient's symptoms resolved
with steroid and the scheduled pancreatico-
duodenectomy was canceled. Subsequently, prednisone
was tapered off and azathioprine 175 mg (2 mg/kg)
daily was initiated for maintenance therapy. Aftere

year of treatment, he was asymptomatic.
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Figure 4. Serial PET coronal maximum intensity projectionlIPy
shows pre-corticotherapy.f and 1-month posterticotherapy wit
resolution of all hypermetabolic IgG4-related lesid.). Case#1.
1: salivary glands; 2: bilateral périlar regions; 3: bilateral low
lungs; 4: pancreas; 5: porta-hepatitis’‘commorie bduct; 6
gallbladder; 7: abdominal aorta
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Figure 6. Axial fused PET/CT images show hypermetabolic les
of the salivary glandsa() and thyroid §p.). Case#2.

Figure 5. Composite PET/CT images shan intense tracer upte
by the prostate. Case#2.

Fused Transaxials

Figure 7. a. Contrastenhanced CT (top) and fused PET/CT (bottom) axi@ges show hypermetabolic soft tissue thickeningp\iss) witt
narrowing of the bronchial lumen bilaterally. Composite PET/CT images @l lesions of the right hilar nodes (crosshair) aigtht middle
pulmonary lobe (arrows). Case#2.
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Figure 8. Axial fused PET/CT images show diffuse pancreaticet
uptake (crosshair). Note that the patient only tiabetes mellit.
type 2 but does not have any clinical symptoms arfcpeatitis
Case#2.

Case #2

A 53-year-old white male, nonsmoker, was self-
referred to our clinic for an enlarged prostatestPa
medical history was significant for “idiopathic”
pancreatitis (10 years ago), which resulted in efie®
mellitus type 2, benign prostate hypertrophy (for 4
years), asthma, and hypothyroidism. He complairfed o
having a weak urine stream for 4 months. Prior to
coming to our institution, the patient had a biopdy
the hard palate secondary to soft tissue inflanomati
immunostainingwas positive for I1gG4 cells. Hence,
systemic IgG4-related sclerosing disease was
suspected. PET/CT, which was performed at our
center, showed a diffuse tracer uptake by the ar@st
(Figure 5). In addition, it also revealed several
hypermetabolic lesions in the salivary glands, aigr
(Figure 6), both bronchi, right hilar lymph nodeight
middle lung lobe (Figure 7), pancreas (Figure 8 a
left kidney (Figure 9). PET/CT images were congiste
with systemic IgG4-related sclerosing disease. Also
immunostaining of the prostate at our institution
demonstrated a high number of IgG4-positive cells i
high power field (Figure 10). IgG level was high2@0
mg/dL); 1IgG4 level was not obtained. IgE was eledat
(lge: 1,125 KU/L). Prostate-specific antigen was
normal (0.13 ng/mL; reference range: 0-4.00 ng/mL).
Prednisone 40 mg daily was initiated and benign
prostate hypertrophy symptoms resolved after one
month of treatment. A two-month follow-up PET/CT
showed resolution (Figure 11). Currently, the pdtie
has been tapering off the prednisone and is
asymptomatic.

Figure 9. Composite PET/CTa( crosshair) and coronal CB.(arrows) show lesions of the left kidney. Case#2.
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Figure 10. IgG4immunostaining of the prostate shows a
number of IgG4positive cells in high power field (magnificatit
400x). Case#2.

Case #3

A 57-year-old white female was referred to our eent
for recurrent systemic IgG4-related sclerosing akse
She complained of right posterior pleuritic cheatnp
for 3 weeks. Three years prior to her presentsneéhe
patient noticed that her right eyelid was droopiRg.T
demonstrated bilateral retro-orbital hypermetabolic
lesions (Figure 12). She underwent a complete +etro
orbital tumor resection of the right eye. Immuno-
staining of the lesion was consistent with 1gG4ted
sclerosing disease. After surgery, no steroid was
initiated and she was asymptomatic. One year [Hier,
patient had recurrent bouts of pneumonia. CT of the
chest revealed a right lung mass (7.8x6.3 cm).
Bronchoscopy was negative for malignant cells.
According to the patient, CT-guided biopsy was
“positive for cancer” (we were unable to obtain the
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Figure 12. Axial PET image show bilateral retobital

hypermetabolic lesions (arrows). Case#3.

official pathology report). PET showed a mass of
intense tracer uptake in the right lower lung ediag

to the pleura (Figure 13). As a result, she undetwe
right middle lobe/lower lobe lobectomy. Again,
immunostaining of the lung mass was consistent with
systemic IgG4-related sclerosing disease. The mgatie
was not on any postoperative cortico- or chemo-
therapy and was asymptomatic for 5 months. She then
became dyspneic and complained of right posterior
pleuritic chest pain; a repeat radiographic imaging
revealed recurrent IgG4-related sclerosing diseaise.
was placed on prednisone 40 mg daily, which was

-
e &

Figure 11. Serial coronal and sagittal prex.)(and post-corticotherapeutib.f PET maximum intensity projection (MIP) images wheoomplet
resolution of the diffuse hypermetabolic lesionsydtemic IgG4-related sclerosing disease. Thesfatthe éft upper anterior chest wall repres:

an artifact p.). Case#2.

S: salivary glands; T: thyroid gland; H: bilatelnélar nodes; L: right middle pulmonary lobe; K: @spole of the left kidney; P: pancreas; PR prestat
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Figure 13. Coronal fused PET/CT images show extensive tghér lung and pleura hypermetabolic lesions (e)rcCase#3.

tapered off over a two-month period. Her symptoms
were fairly controlled for another 5 months. Howeve
she was referred to our center for recurrent sympto
secondary to uncontrolled systemic IgG4-related
sclerosing disease. At our center, 1gG, 1gG4, igkels
were normal (IgG: 844 mg/dL; 1gG4: 28.3 mg/dL; IgE:
61.3 KU/L). These labs were not performed by the
outside center. Because of similarity between syste
IgG4-related sclerosing disease and multiple myalom
due to plasma cell proliferation, she was treatét &
cycles of a chemotherapy regimen, CyBor-D

(cyclophosphamide, bortezomib, and dexamethasone).

Clinical improvement was observed after the third
cycle. After 4 cycles of CyBor-D, she remained
asymptomatic.

Discussion

Autoimmune pancreatitis is a pancreatic manifestati
of the systemic IgG4-related sclerosing disease. It
affects other extrapancreatic sites (50-85%) sueh a
salivary glands (sclerosing sialadenitis), orbitb{tl
pseudotumor), lungs (inflammatory pseudotumors,
interstitial pneumonia), thyroid (thyroiditis), daladder
(cholecystitis), biliary tree system (sclerosing
cholangitis), kidney (tubulointerstitial nephritis)
abdominal aorta (lymphoplasmacytic aortitis), retro
peritoneum  (retroperitoneal  fibrosis),  prostate
(prostatitis), and lymph node (lymphadenopathy), [10
16, 17]. At the present time, there is no inteovai
consensus on the diagnostic criteria for autoimmune
pancreatitis. Currently, three different sets dfecia
have been proposed to diagnose autoimmune
pancreatitis [18]. One important immunohistological
criterion in these three sets is the presence 4f Ig
positive cells in the pancreas (more than 10 ¢egk/
power field). According to experts around the world
cytology obtained by EUS-FNA is only adequate to
diagnose pancreatic cancer; it is not able to éskab
the presence of autoimmune pancreatitis [19].
Histological tissue of the pancreas obtained by EUS
guided Trucut biopsy can diagnose autoimmune
pancreatitis, but this technique is challenging anty
available at a few centers. Preoperative diffeatiotn

of pancreatic cancer from autoimmune pancreattis i
important because 3-11% of Whipple procedures are

JOP. Journal of the Pancreas - http://www.jopliek-Vol. 12 No. 3 - May 2011. [ISSN 1590-8577]

performed on patients with autoimmune pancreatitis,
which can be medically treated with corticosteri@@,

21]. Because of whole-body PET/CT imaging ability,
can target extrapancreatic sites for tissue samnplin
This utility of PET/CT was illustrated in Cases #id

#2. In Case #1, PET/CT changed the management from
Whipple procedure to corticotherapy.

Most patients with autoimmune pancreatitis have
elevated IgG and 1gG4 levels. In 2001, Hamanal.
demonstrated that IgG4 is more than sensitive than
total 1gG for diagnosing autoimmune pancreatitig][2
The sensitivity and specificity of elevated 1gG4itc
off: 135 mg/dL) for diagnosing autoimmune
pancreatitis are approximately 70% and 90%,
respectively [23, 24, 25]. In addition, Hamasabal.
also showed that serum I1gG4 in patients with
autoimmune pancreatitis decreased after one mdnth o
corticotherapy [22]. This was not observed in Gake
Prior to steroid treatment, IgG4 was 41.2 mg/dL;
however, after one month of -corticotherapy, it
increased to 546 mg/dL. Only IgG decreased from
2,430 mg/dL to 1,310 mg/dL. One possible explamatio
of the difference between our observation and ttiat
Hamanoet al. is that the authors compared IgG4 levels
of pre- and post-corticotherapy in only 12 out & 2
patients with autoimmune pancreatitis [22]. Ouwhes
seems to support the conclusion of a meta-anatysis
the utility of I1gG4 in follow-up autoimmune
pancreatitis post steroid therapy. 1gG4 is useful i
therapeutic monitoring only when the IgG4 level of
pre-corticotherapy is high [26]. Despite elevatg4
during post-corticotherapy, PET/CT is valuable in
demonstrating resolution of IgG4-related lesions
(Figure 4). After reviewing records from the outsid
we noticed that serum 1gG and IgG4 levels were not
measured in cases where systemic IgG4-related
sclerosing disease was confirmed by immuno-
histopathology (Cases #2 and #3). Clinicians shbeld
aware of this new entity because corticosteroithés
treatment of choice, not invasive surgery.

Currently, pathogenesis of autoimmune pancreatitis
still an enigma. Studies indicate there is a close
relationship between allergic disease and autoinemun
pancreatitis [27]. Kamisawet al. showed that 44% of
patients with autoimmune pancreatitis had allergic
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disorders and high serum IgE level [28]. Two of our
patients (Cases #1 and #2) had a history of asthma,
chronic cough, allergic rhinitis, chronic rhinositis,

and elevated IgE. Systemic IgG4-related sclerosing
disease should be on the differential diagnosis lis
during the diagnostic workup of suspected cancer
patients with allergic conditions.

Several different pulmonary patterns in patientshwi
systemic lgG4-related sclerosing disease have been
reported. These are interstitial/nodular infiltoas
bronchial/interlobular wall thickening, and inflame
matory pseudotumor [29, 30, 31, 32]. A study regubrt

9 cases of IgG4-related lung pseudotumors [30].
Similar to our Case #3, Zashal. observed that 7 out of

9 pseudotumors located adjacent to pleura [30]; PET
was only performed in Case #7 and it showed an
intense tracer uptake by the pseudotumor as seaur in
Case #3 (Figure 13). Eight out of 9 patients unéeitw
either partial resections or lobectomies. Whetharat
lung cancer was the preoperative diagnosis in tBese
patients was unclear. Only one patient (Case #8) di
not undergo surgery and correctly diagnosed by
transbronchial lung biopsy. For this case, aftee on
month of corticosteroid treatment, the pseudotumor
size was markedly decreased, and the patient's
symptomatology (hemoptysis) resolved. In our Case
#3, the patient would have spared from lobectomy if
she was diagnosed with systemic IgG4-related
sclerosing disease preoperatively. As demonstrated
Figures 12 and 13, PET/CT imaging should be
considered prior to any surgical resection in patie
with a history of lgG4-related sclerosing disease
because it helps to reach the correct diagnosis by
targeting biopsy sites.

Corticosteroid is the treatment of choice for pake
with systemic IgG4-related sclerosing disease. The
response to steroid was incorporated in the America
Japanese, and Korean diagnostic criteria of
autoimmune pancreatitis [18]. However, there is no
consensus on the standard regimen or duration of
corticotherapy. Normally, prednisolone (30-40 mgjda

is initiated and tapered by 5 mg every 2-4 weeld.[1
Because of the ability of PET/CT to image the whole
body, it is a valuable tool for monitoring therappd
demonstrating sites of relapse or flare-up as seen
Figures 4 and 10.

When flares or relapses occur while patients are on
steroids, a few small studies suggest that azathiop
and rituximab (a monoclonal antibody against CD20
antigen on B lymphocytes) may be effective [33, 34,
35, 36]. In Case #1, the patient was treated with
azathioprine for maintenance therapy to prevent
relapses because some evidences indicate thahtgatie
with lg4-related cholangitis have a high rate dépse
(53%) after steroid withdrawal [33]. In Case #3e th
rationale for usingbortezomibbased chemotherapy
regimen (CyBor-D), which has been shown to be
effective in managing of multiple myeloma [37], was
that plasma cell proliferation was the underlying
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pathogenesis of both disorders. Accumulating exdden
indicates that long-lived plasma cells can cause
autoimmune diseases by producing autoreactive
antibodies [38]. These long-lived plasma cells are
resistant to immunosuppression therapy [38]. In
addition, they are refractory to rituximab becatrsese
cells lack CD20 expression [38]. It has been shthan
bortezomib effectively depleted both short-liveddan
long-lived plasma cells [39]. As a result, CyBomiay

be useful in treating systemic IgG4-related sclieps
disease. Larger studies are warranted to identiéy t
standard treatment for this disease.

Conclusion

Systemic IgG4-related sclerosing disease is a new
disorder which is characterized by infiltration of
pancreas and extrapancreatic sites with 1gG4-pesiti
plasma cells. Correct diagnosis of this conditign i
crucial because corticotherapy is effective. Beside
monitoring therapy and demonstrating relapse, PET/C
is a useful adjunctive imaging technique for tairggt
extrapancreatic biopsy sites.
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