IgG4-related disease in a multi-ethnic community: clinical characteristics and association with malignancy
Poo SX1,2, Tham CSW1, Smith C3, Lee J1 Cairns T1, Galliford J1, Hamdulay S2, Jacyna M2, Levy JB1, McAdoo SP1,3, Roufosse C3, Wernig F1, Mason JC1,3, *Pusey CD1,3, *Tam FWK1,3, *Tomlinson JAP1

1Imperial College Healthcare NHS Trust, London, UK
2London North West Healthcare NHS Trust, Harrow, UK
3Department of Medicine, Imperial College London
*Equal contribution

Address for Correspondence:
Dr James Tomlinson
Department of Renal and Transplantation Medicine 
Imperial College Healthcare NHS Trust
Du Cane Road, London, W12 0NN, UK 
Email: james.tomlinson3@nhs.net











This manuscript is composed of:
Pages: 25
Words: 2486
Figures and Tables: 4 
Supplemental figures: 3

Acknowledgements
This work is supported by the National Institute for Health Research (NIHR) Biomedical Research Centre (BRC) based at Imperial College Healthcare NHS Trust. FWKT is supported by Ken and Mary Minton Chair of Renal Medicine. 

Competing interest
Prof. FWKT has received research project grants from AstraZeneca Limited, Baxter Biosciences, Boehringer Ingelheim, MedImmune and Rigel Pharmaceuticals, and has consultancy agreements with Rigel Pharmaceuticals, Novartis and Baxter Biosciences.


Abstract 
Background
Immunoglobulin-G4-related disease (IgG4-RD) is a recently recognised fibro-inflammatory condition that can affect multiple organs. Despite growing interest in this condition, the natural history and management of IgG4-RD remain poorly understood.

Aim
To describe the clinical characteristics, treatment and outcomes of IgG4-RD in a multi-ethnic UK cohort, and investigate its possible association with malignancy.

Design
Retrospective analysis of case-note and electronic data.

Methods
Cases were identified from sub-specialty cohorts and a systematic search of an NHS trust histopathology database using ‘IgG4’ or ‘inflammatory pseudotumour’ as search terms. Electronic records, imaging and histopathology reports were reviewed.

Results
66 identified cases of IgG4-RD showed a similar multi-ethnic spread to the local population of North West London. The median age was 59 years and 71% of patients were male.  Presenting symptoms relating to mass effect of a lesion were present in 48% of cases and the mean number of organs involved was 2.4. 10 patients had reported malignancies with 6 of these being haematological. 83% of those treated with steroids had good initial response, however 50% had relapsing-remitting disease.  Rituximab was administered in 11 cases and all achieved an initial serological response. Despite this, 7 patients subsequently relapsed after a mean duration of 11 months and 4 progressed despite treatment. 

Conclusions
We report a large UK-based cohort of IgG4-RD that shows no clear ethnic predisposition and a wide range of affected organs. We discuss the use of serum IgG4 concentrations as a disease marker in IgG4-RD, the association with malignant disease and outcomes according to differing treatment regimens. 























Introduction 
Immunoglobulin-G4 related disease (IgG4-RD) is a tumefactive fibro-inflammatory disorder that has only recently been considered a distinct disease entity following reports of autoimmune pancreatitis associated with elevated serum IgG4 levels(1) and evidence of IgG4-rich plasma cell infiltration in other organs(2,3). To date, the majority of IgG4-RD studies comprise ethnically homogenous populations and patients with autoimmune pancreatitis or cholangitis predominate. It is increasingly clear that IgG4-RD can affect a wide variety of organs. Original reports came from Japan(4) and later from the USA(5) and Europe,(6,7) indicating there may be no ethnic predisposition to IgG4-RD.
IgG4-RD can masquerade as other conditions including cancer and this frequently results in delayed or misdiagnosis. Although IgG4-RD is consistently reported as being corticosteroid-responsive, steroid-sparing agents are frequently required and the optimal maintenance therapy to avoid relapse is unclear(8). Rituximab, an anti-CD20 monoclonal antibody has shown promise in treating disease and preventing relapse(9). 
We aimed to characterise the demographic and clinico-pathologic spectrum of IgG4-RD, and investigate its association with cancer in a multi-ethnic population in North West London. 

Methods 
A retrospective analysis of patients diagnosed with IgG4-RD was conducted at a tertiary referral centre and neighbouring hospitals in North West London from January 2007 until January 2018. Cases were identified through a systematic search of the central histopathology database using ‘IgG4’ or ‘inflammatory pseudotumour’ as search terms. Additional cases were identified through a variety of multi-specialty collaborations within a tertiary vasculitis unit (supplement 1).
We included patients with a diagnosis of IgG4-RD defined as having histopathological evidence of IgG4 immunostaining and/or serological elevation of IgG4 levels (>1.3 g/L) along with characteristic clinical and radiological features (supplement 2). Cases with insufficient clinical information were excluded from our study.
Data collection included baseline demographics, clinical characteristics, treatment and outcomes. Blood test results, radiological and histopathological reports were extracted from medical records. Detailed clinico-pathological correlations were conducted in all cases, and histopathology reporting was guided by the International Consensus Histopathological criteria for IgG4-RD(10). Treatment response was recorded as quiescent, relapsing-remitting, or progressive and evaluated on clinical grounds, changes in serum IgG4 levels and radiological appearance. Quiescent disease was defined by absence of recurrence following an index presentation. Relapses were defined by evidence of disease flare following initial treatment response, while progressive disease was defined by evidence of: worsening symptoms, organ dysfunction or radiological changes.
We performed descriptive analyses using median, mean and proportions, and analysed correlations between variables using Pearson’s correlation coefficient. Percentages were used to express some data and where information was incomplete, numerators and denominators were defined. Results were considered statistically significant if the p value was <0.05. 

Results 
Patient population and clinical characteristics
114 patients were identified through a central histopathology database and referrals from various clinical specialties (supplement 1). 48 patients were excluded, leaving 66 patients for further analysis (Figure A). 
Baseline demographics and clinical characteristics are summarised in Table 1. The median age at diagnosis was 59 years, and 47 of 66 patients (71%) were male. The predominant presenting feature was the presence of symptoms attributed to a mass effect (n=32, 48%), followed by pain (n=24, 36%), weight loss (n=15, 22%), and constitutional symptoms (n=9, 14%). 26 (39%) patients were initially identified through the urgent cancer referral pathway. The duration from onset of symptoms to diagnosis ranged from less than a month to 50 years (median=8 months). 
14 of 38 (37%) patients had a history of smoking. 23 of 62 (37%) had atopic features which included: asthma (n=17), rhinosinusitis (n=12), eczema (n=2), and nasal polyps (n=2). The most common sites affected by IgG4-RD were lymph nodes and kidneys (equally n=18, 27%), followed by pancreas (n=16, 24%), and hepatobiliary (n=15, 23%) (Table 1). Hepatobiliary pathologies comprised: common bile duct (n=3), ampullary (n=5), and pancreatic (n=7) lesions. 3 of 5 patients with pituitary involvement had single organ disease.
Of 11 prior malignancies (in 10 patients), 6 were haematological (2 Non-Hodgkin lymphomas, 1 acute lymphocytic leukaemia, 1 multiple myeloma, 1 chronic myeloid leukaemia, 1 low grade myelodysplasia). Other malignancies included breast (n=1), prostate (n=1), endometrial (n=1), skin (n=1) and lung (n=1). 

Initial investigations
Initial serum IgG4 levels were raised in 39 of 55 patients tested (71%) (mean=5.7 g/L, range: 0–25) and correlated with the number of organs affected (Pearson’s correlation coefficient, R=0.49, p<0.05) (Figure B). Of note, serum IgG4 levels were elevated in all patients with renal involvement, while 16 of 55 patients (29%) had normal serum IgG4 levels. 
15 of 43 patients had positive autoimmune serology. The most common autoantibody was anti-neutrophil cytoplasm antibody (ANCA) in 9 of 15 (60%) patients tested (6 P-ANCA, 1 C-ANCA, 2 unknown; all negative for Proteinase-3 (PR-3) and myeloperoxidase (MPO) autoantibodies). Other autoimmune markers detected were anti-nuclear antibodies (n=4), anti-double-stranded DNA (n=1), rheumatoid factor (n=4), anti-glomerular basement membrane (n=1), anti-mitochondrial antibodies (n=1), lupus anticoagulant (n=1) and hypocomplementaemia (n=6). Despite this, only 2 patients had a clinical diagnosis of autoimmune disease (rheumatoid arthritis and psoriasis). Anti-phospholipase-A2 receptor (anti-PLA2r) antibody was detected in one patient with concurrent nephrotic syndrome.
Computed tomography was the commonest diagnostic imaging modality used in 50 patients (76%), followed by magnetic resonance imaging in 26 (39%). Ultrasound assessment was used in 17 (26%), and positron emission tomography/computed tomography (PET-CT) in 13 (20%) patients. 8 (12%) had endoscopic retrograde cholangiopancreatography (Table 1). 

Histopathology and immunohistochemistry
60 (91%) patients had histopathology material available for analysis and IgG4-positive plasma cells were present in all cases (mean IgG4-plasma cells per high-powered field=51.7, range: 5–100). Where available (n=19), the calculated immunohistochemical staining IgG4/IgG ratio ranged from 20% to 100%. Typical features included lymphoplasmacytic infiltrates (n=54, 87%), focal fibrosis (n=34, 55%), eosinophilic infiltrates (n=12, 19%), and obliterative phlebitis (n=3, 5%). Storiform fibrosis was identified in 7 of 34 (21%) specimens with focal fibrosis, while granulomas were documented in 4 (12%). Malignant cells were not detected in any specimens. 7 of 18 patients with renal involvement underwent kidney biopsies revealing a plasma-cell rich tubulointerstitial nephritis with none revealing membranous nephropathy (a patient with serological anti-PLA2r antibody was not biopsied due to being at high risk of complications).

Treatment 
The median duration from diagnosis to final follow up was 33.5 months (IQR 16–65). Treatment is summarised in Figure C(I). Glucocorticoids were the mainstay of treatment (48 of 62 patients, 77%). Rituximab was reserved (n=15) for severe disease despite steroid therapy. Steroid-sparing immunosuppressants included azathioprine (n=19), methotrexate (n=7), mycophenolate (n=4), 6-mercaptopurine (n=3), tacrolimus (n=3), hydroxychloroquine (n=2), and ciclosporin (n=1). 
The main indication for non-pharmacological intervention was to relieve compression of structures secondary to a mass effect; 11 required stent insertions (7 biliary, 4 ureteric, 1 vascular), while 3 had microlaryngoscopy and bronchoscopy, with balloon dilatation and laser therapy. Surgery included a combination of surgical debridement/excision of mass (n=5); Whipples’ operation (n=2), splenectomy (n=1), right hemicolectomy (n=1), ENT surgery (n=4), aneurysmal repair (n=2), pericardiectomy (n=1), ureteric reconstruction/ureterolysis (n=1), video-assisted thoracoscopic surgery (n=1), and subtotal nephrectomy (n=1). 

Outcomes
Serological, clinical and radiological responses to treatment were assessed in patients with adequate clinical and radiological follow-up; illustrated in Figure C(II) and (III).  49 (74%) patients had follow-up imaging. Of those, 40 (82%) patients received glucocorticoid therapy. 33 of 40 (83%) had a good initial symptomatic and radiological response to steroids; it was difficult to reliably assess glucocorticoid response in the remaining 7 patients. 
At time of follow-up, 15 of 41 patients (37%) who underwent non-operative management had quiescent disease, 21 (51%) demonstrated a relapsing-remitting pattern, while 5 (12%) exhibited progressive disease (supplement 3). Rituximab was indicated in 11 patients with insufficient response and/or inability to wean steroid therapy. Of these, 7 patients had a sustained initial clinical and radiological response, however eventually relapsed after a mean duration of 11 months, while the remaining 4 patients had progressive disease despite rituximab therapy. Despite this mixed disease response, serum IgG4 levels normalised in all patients treated with rituximab.
44 patients had serum IgG4 levels measured at follow-up; of which serum IgG4 concentrations improved in 37 (84%) (median final serum IgG4=1.17g/L), but did not normalise in 19 (43%) patients. Of those with improved serum IgG4 levels (n=37), the median percentage reduction from baseline was 62.5% (range: 5-97%). Clinical response did not reliably correlate with a reduction of serum IgG4 concentration.

Complications 
Medication related side-effects were recorded in 13 patients: glucose intolerance (n=6), osteopenia/osteoporosis (n=4), Cushingoid features (n=3), severe/opportunistic infections (n=3), drug-induced rash (n=3), azathioprine-related hepatitis (n=2), and nausea (n=2). 1 patient developed cholangiocarcinoma, while there were 2 deaths (1 biliary sepsis, 1 cause unknown).

Discussion 
We report a large UK-based series of 66 patients with multi-system IgG4-RD in an ethnically diverse population. We found predominant Caucasian or Asian representation (approximately two-thirds) in addition to a range of ethnic minorities; together broadly reflecting the population demographics of North West London(11). Previously, studies have focused on largely ethnically homogenous populations and this study provides further evidence that there is no clear ethnic predisposition to developing IgG4-RD. 
Other demographic findings were consistent with published literature; typically affecting middle-aged males (71%) and often in those with a known atopic condition(5,12,13). The commonest sites (lymph nodes, kidneys, pancreas, hepatobiliary) were similar to previous reports; however we also observed less frequently-reported sites of disease involving the brain, pericardium, skin, caecum, spleen and breast. This likely reflects our case identification through an unbiased histopathology screen and clinical collaboration across a wide range of sub-specialties.
The specific triggers for IgG4-RD remain unclear. Some evidence points to a dysregulated immune response to an unknown stimulus in genetically susceptible individuals(13–16). Our study reports 35% of cases possessing abnormal autoimmune serology with an ANCA predominance (60%), although in the absence of raised PR3 or MPO autoantibodies the significance of this is uncertain.  

Malignancy
Malignancy has an unclear association with IgG4-RD. 39% of patients were referred under the urgent cancer pathway. This is perhaps unsurprising in those presenting with a mass, weight loss and constitutional symptoms, so naturally, further imaging and ideally a tissue biopsy to exclude malignant disease is preferred. Previously, increased malignancy rates were reported in a UK-based cohort of IgG4-related pancreatitis or cholangitis (11%, which was 50% higher than matched national statistics)(14). However, a Japanese study of 235 cases of multi-system IgG4-RD reported no such malignancy association (albeit with an overall malignancy rate of 15%)(4). In our study, 10 patients had prior malignancy, 6 of which were haematological. The diagnostic and pathogenic relationship between IgG4-RD and haematological malignancy is worthy of further discussion. Based on our series we identified three possible associations.
(1) Misdiagnosis. One illustrative case involved an original lymph node biopsy performed in 1960, reported as follicular lymphoma. This was followed by numerous episodes of presumed lymphoma relapse and progression. However, the patient subsequently developed retroperitoneal fibrosis and up-to-date lymph node histological analysis established a diagnosis of IgG4-RD. This may not be an isolated case, and lymph node biopsy may not always yield histological confirmation of IgG4-RD due to absence of storiform fibrosis in affected nodes, so other clinical features may be required to confirm a diagnosis.
(2) Alloimmune stimulation. A second case involved a patient with a history of acute lymphoblastic leukaemia who underwent allogeneic haematopoietic stem cell transplant, complicated by limited acute graft-versus-host disease (GvHD). Subsequently, the patient developed steroid-responsive nephrotic syndrome and subcutaneous nodules nine years post-transplant with subsequent biopsies reported as IgG4-RD. Amongst the postulated aetiologies of IgG4-RD is autoimmune stimulation, which in this case arose in the setting of chronic alloimmune stimulation. We are unaware of previous reports of IgG4-RD in association with GvHD.
(3) Clonal expansion. One patient had an IgG4-producing marginal zone lymphoma arising from orbital tumours, with concurrent bone lesions and lymphadenopathy. The orbital histology met the diagnostic criteria for lymphoma, raising the possibility that this had arisen in the setting of IgG4-RD. It is recognised that chronic antigenic stimulation by Helicobacter pylori causes polyclonal lymphoid expansion from which oligo-clones may evolve, resulting in gastric MALT lymphoma. IgG4-RD typically involves polyclonal populations of IgG4-positive plasma cells. However, there is evidence that plasma cell clonality can arise within IgG4-RD, without other features of lymphoid malignancy(17). Cases where the clinical picture is of IgG4-RD and lymph node histology is diagnostic for NHL raise the possibility that the IgG4-RD disease process may drive lymphomagenesis in some patients. In the absence of clear biological evidence, this question remains unresolved and further work is required to elucidate the pathological processes.

Serum IgG4 as a marker of disease
Although serum IgG4 concentration can be useful in the diagnosis of IgG4-RD, it is neither sensitive nor specific at lower concentrations and serum IgG4 levels can be mildly raised in other inflammatory and malignant diseases. Authors of a large prospective cohort analysis reported that a serum IgG4 concentration threshold of ≥2.8g/L may provide increased specificity for IgG4-RD and better predict multi-organ involvement and relapse rates.(16) Consistent with this and other reports, we found that serum IgG4 levels were elevated in many (71%) but not all of cases and concentrations correlated with number of organs affected. The IgG4RD-Responder Index(18) which incorporates serum IgG4 levels and clinical responses, may provide more in-depth assessment of disease response or relapse in future prospective studies. 

Treatment options
Glucocorticoids are the mainstay of treatment in IgG4-RD; however, 71% (34 of 48 patients) received maintenance immunosuppression. The choice, frequency and duration of steroid-sparing agents were influenced by specialty-specific preferences with no single approach showing a clear advantage. One of the first randomised controlled trials in IgG4-RD maintenance therapy, demonstrated a favourable relapse rate reduction of almost 50% in those receiving a combination of corticosteroid and mycophenolate compared to glucocorticoid monotherapy(19).
Rituximab has shown some encouraging outcomes in IgG4-RD(20,21). In our study, the majority of those treated with rituximab showed disease response although this was not sustained at a mean follow-up time of 11 months. A prospective open-label study of 30 patients with multi-organ involvement and previous relapse, similarly demonstrated a response to rituximab therapy in 77%, which was sustained in 97% of cases at six months(22). However, despite good initial clinical response (94%) and glucocorticoid withdrawal (>50%) following rituximab, 42% relapsed after a mean 19 month follow-up and six out of eight patients did so following B cell reconstitution(9). 

Our retrospective series is limited by missing data and variability in clinical, radiological and histopathological assessments, which prevented detailed statistical analysis. Due to retrospective design, we were unable to incorporate the IgG4-Responder Index to help determine treatment responses. Clearly, these issues are inherent in the retrospective analysis of such a heterogeneous and rare disease and illustrate the need for well-designed, prospective studies.

Conclusion 
Our study highlights the multi-ethnic nature of IgG4-RD and its highly variable organ involvement. There is an association with a dysregulated immune system and malignancy and further research is required to define any true mechanistic links. IgG4-RD appears to be largely corticosteroid responsive but longer-term management and control of disease relapse is challenging. Rituximab shows promise in many patients; however, the ability to select those who are more likely to respond is currently limited. To improve the clinical outcomes of patients with IgG4-RD, multi-disciplinary collaboration is required to understand the true spectrum of disease, manage patients systematically and provide the basis for prospective clinical research.
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Figure A: Patient inclusion and exclusion algorithm
Records identified through pathology database search 
(Jan 2007 – Jan 2018) (n=89)
Records identified through multi-specialty referrals (n=46)
Patient identification
[bookmark: _GoBack]Records after duplicates were removed (n=114)
Screening and eligibility
Total number of patients included (n=66)
Exclusion criteria (n=48)

- Incomplete clinical data and/or Insufficient to meet diagnostic criteria* (18)
- Referrals from other centres** (30)







*The diagnosis of IgG4-RD was made on the basis of histopathological evidence and/or serological positivity for IgG4, combined with characteristic clinical features
**Pathology only referrals from centres outside North West London 














Table 1: Patient demographics, clinical, laboratory and imaging parameters 
	Number of patients, N
	
	66

	Male, N (%)
	
	47 (71)

	Age, median (IQR), years
	
	59 (43–66)

	Ethnicity, N (%)
Caucasian
South Asian
Asian other/unspecified
Mixed/other
Afro-Caribbean
Unknown
	
	
22 (33)
18 (27)
11 (17)
10 (15)
2 (3)
3 (5)

	Comorbidities, N (%)
Atopic history, n/total known
Gastro-oesophageal reflux disease (GORD)
Haematological malignancies
Other malignancies
Autoimmune disease
	
	
14/38 (37)
8 (12)
6 (9) 
4 (6)
5 (7) 

	Organ involvement, N 
Mean no. of organs affected, n (range)
Lymph nodes
Kidneys
Pancreas
Liver and biliary tree
Salivary glands
Lung
Lacrimal glands
Orbits
Retroperitoneum
Vascular
Pituitary
Joints
Ear, Nose and Throat
Sinuses
Pachymeninges
Other*
	
	
2.4 (1–6)
18
18
16
15
14
11
8
6
6
6
5
5
4
4
1
6

	Laboratory parameters, n/total (%)
Initial sIgG4, median, g/L
Elevated sIgG4
Elevated sIgG4/total IgG
Elevated sIgE
Eosinophilia
Elevated ESR
Elevated CRP
Autoantibody positivity 
Hypocomplementaemia
	Normal range

< 1.35 g/L
< 5%
150–300 UI/ml.
< 0.5 x 109/L
< 10 mm/1st h 
< 10 mg/L

	
5.7
39/55 (70)
32/39 (82)
2/5 (40)
12/58 (21)
37/44 (84)
16/40 (40)
15/43 (35)
6/25 (24)

	Imaging, N (%)
Normal
Presence of mass
Evidence of inflammatory change
Mass effect
Lymphadenopathy
	
	
3 (4.9)
35 (57)
32 (52)
26 (43)
16 (26)


*Other sites include the pericardium (n=1), spleen (n=1), skin (n=1), psoas muscle (n=1), breast (n=1), caecum (n=1)
Mass effect represents secondary compression on surrounding structures.























Figure B: Serum IgG4 levels correlate with the number of organ involvement
1.35

Pearson’s correlation coefficient, R = 0.49, p<0.05













Figure C (I) Various treatment modalities offered, (B and C) Treatment response: serology (II) and pattern of clinical and radiological response (III)
 Treatment
Total (n=62)
Unknown (n=4)

(I)

Non-operative management (n=37) 
Surgical/Interventional (n=25) 


Immunotherapy (n=48)
No further treatment (n=8)


Steroids (n=14)
Steroids + Rituximab +/- Other IS (n=15) 
Steroids + Other IS+ (n=19)

Observation (n=6)


\
 
(II)














(III)
 
 
*it was difficult to assess clinical and radiological response in 6 patients
Treatment response was assessed where adequate clinical and radiological follow-up were available.


Key
Steroids denote steroid-only therapy
Other IS denote all immunosuppressants other than steroids and rituximab
Steroids + other IS denote steroids plus immunosuppressants other than rituximab except +one patient who did not receive steroids
Steroids + rituximab +/- other IS denote steroids plus rituximab and/or any combination of other immunosuppressants
INT/SURG only denote interventional and/or surgical procedures without medical treatment


















Supplement 1: Range of clinical specialties involved in patient management


Surgical specialties comprised urology (3), vascular (2), cardiothoracic (1), breast (1), general (1).
Ear, nose and throat, ENT 










Supplement 2: Summary of clinical and/or radiological presentations of IgG4-related disease 

	Pancreas
	Autoimmune pancreatitis, pancreatic atrophy or enlargement

	Biliary/Gall bladder
	Obstructive jaundice with upstream biliary duct dilatation, primary sclerosing cholangitis, biliary strictures, gall bladder wall thickening

	Salivary glands
	Sialadenitis, sicca syndrome, Mikulicz disease, mass/swelling

	Ocular
	Scleritis, uveitis, visual disturbances, eyelid swelling, dacryoadenitis, orbital pseudotumour

	Pulmonary
	Pulmonary nodules, thickening of bronchovascular bundles and interlobular septa, interstitial involvement/pneumonia, ground glass opacity, asthma, pleural thickening

	Mediastinal
	Paravertebral soft tissue mass, mediastinal fibrosis, adenopathy, thymic involvement

	Renal
	Hydronephrosis/hydroureter, nephrotic syndrome, haematuria, proteinuria, elevated serum creatinine, tubulointerstitial nephritis, membranous nephropathy, solitary lesion

	Retroperitoneal
	Retroperitoneal fibrosis, paravertebral/para-aortic (encasing) mass or inflammation

	Aorta/Arterial
	Aortitis, aneurysm, dissection, peri-aortitis

	Meninges/nerve involvement
	Cranial nerve palsies, visual disturbances, seizures, hypertrophic pachymeningitis, peripheral polyneuropathy, mononeuritis

	Pituitary
	Hypophysitis, hypopituitarism, cranial diabetes insipidus, enlargement of pituitary gland

	Thyroid
	Riedel’s thyroiditis, thyroid gland swelling/nodules/atrophy, hypothyroidism

	Breast/prostate/testis
	Inflammation, painless mass/nodule, enlargement

	ENT
	Nasal crusting/obstruction, rhinorrhoea, rhinitis/sinusitis, naso-lacrimal involvement, nasal polyposis

	Lymph nodes
	Local or systemic (lymphomatous appearance)

	Skin
	Nodules, papules, plaques

	Gastrointestinal
	Inflammation, pseudotumour, obstruction, enlargement, sclerosing mesenteritis

	Articular
	Arthralgias, bone remodelling/involvement

	Pericardium
	Pseudotumour, constrictive pericarditis


NB This list is non-exhaustive(5,12,23)





16

Supplement 3: Patients with progressive disease are tabulated in detail (n=5)

	Patient/ Age/
Gender
	Organ involvement
	Elevated initial sIgG4
	Autoimmune markers
	Histopathology
	Treatment
	Initial steroid response
	Overall clinical/radiological course 

	43F
	Retroperitoneal, inferior vena cava, renal
	Yes
	Lupus anticoagulant, aPLAR2 (concurrent nephrotic syndrome, kidney not biopsied)
	IgG4+ plasma cells up to 30/hpf with typical features, from fibro-inflammatory retroperitoneal mass
	Steroid/IS
/RTX/
stent
	Yes
	Worsening renal function/non-functioning Left kidney despite medical therapy, 6-monthly rituximab, nephrostomies, stent dependent; inadequate response to steroids. This case was elaborated further in the Discussion section.

	64F
	Renal, lymph nodes, retroperitoneum, lung, orbital
	Yes
	Rheumatoid factor, p-ANCA (negative MPO/PR3)
	IgG4+ plasma cells >50/hpf and >40% in lymph node
	Steroid/
RTX/
Stent/
Surgery
	Yes
	Non functioning Right kidney and worsening renal function, extensive retroperitoneal disease with diffuse soft tissue thickening and persisting scarring, multi-organ

	33M
	Aorta, lymph nodes
	No
	Negative
	IgG4+ plasma cells >80% in peri-aortic lymph nodes, and 80/hpf in subclavian artery lymph node
	Steroid/IS/
RTX/vascular surgery
	Unknown
	Severe disease requiring multiple interventions and loss of left kidney function, and inability to wean steroids

	63M
	Renal, salivary, pancreas, lymph nodes
	Yes
	Negative
	Renal florid TIN and submandibular lymphoid tissue with many IgG4+ plasma cells
	Steroid/
RTX
	Unknown
	Multi-organ involvement with progressive disease and renal impairment requiring dialysis

	60M
	Pancreas, biliary tree
	Yes
	Negative
	IgG4+ plasma cells 15/hpf with typical features including lymphplasmacytic infiltrate and focal fibrosis from the common bile duct
	Stent/surgery
	NA
	Calcific chronic pancreatitis with recurrent common bile duct obstruction and dilatation requiring repeated surgical and endoscopic intervention, with subsequent development of recurrent biliary sepsis and cholangiocarcinoma at follow-up.



Key:
RTX, rituximab, 
IS, other steroid-sparing immunosuppressants
sIgG4, serum IgG4 level, 
aPLA2R, anti-phospholipase A2 receptor antibody, 
hpf, high-powered field
PATTERN OF RESPONSE

Quiescent	
Observation     (n=2)	Steroids        (n=10)	Steroids+IS     (n=14)	Steroids+IS+RTX (n=11)	INT/SURG ONLY (n=4)	1	0.5	0.28571428571428598	0	0.75	Relapsing-remitting	
Observation     (n=2)	Steroids        (n=10)	Steroids+IS     (n=14)	Steroids+IS+RTX (n=11)	INT/SURG ONLY (n=4)	0	0.5	0.71428571428571397	0.63636363636363602	0	Progressive	
Observation     (n=2)	Steroids        (n=10)	Steroids+IS     (n=14)	Steroids+IS+RTX (n=11)	INT/SURG ONLY (n=4)	0	0	0	0.36363636363636398	0.25	
Clinical/radiological response



CLINICAL SPECIALTIES

Renal	Gastroenterology/Hepatobiliary	ENT	Rheumatology	Endocrinology 	Surgery	Haematology	Ophthalmology	Neurology	Respiratory	20	19	17	10	9	8	7	4	2	2	


number of organs	0.31	2.9	9.58	4.72	19.5	11.9	0.03	1.52	3.46	0.73	3.43	0.6	1.21	1.64	7.6	1.05	1.51	25.1	0.85	0.67	0.78	0.55000000000000004	11.78	0.55000000000000004	1.53	0.16	20.5	6.28	6.45	2.64	0.95	2.36	0.37	11	3.79	5.04	8.86	2.2799999999999998	3.8	0.6	4.33	1.21	11.57	1.84	4.45	12.2	5	16.8	21.6	5.52	12.3	3.07	3.48	18.899999999999999	3.05	2	3	2	6	5	5	2	3	2	1	1	1	1	1	2	5	3	4	2	2	1	2	4	1	1	2	4	1	1	1	2	1	3	2	2	4	1	4	2	1	3	1	3	1	3	2	2	2	4	3	3	2	1	4	3	serum igg4 levels, g/l


No. of organs involved, n



TREATMENT RESPONSE: SERUM igg4

Improvement	
Observation (n=1)	Steroids (n=7)	Steroids+IS (n=13)	Steroids+IS+RTX (n=11)	INT/SURG ONLY (n=2)	0	0.85714285714285698	0.92307692307692302	1	1	Stable	
Observation (n=1)	Steroids (n=7)	Steroids+IS (n=13)	Steroids+IS+RTX (n=11)	INT/SURG ONLY (n=2)	0	0	7.69230769230769E-2	0	0	Progression	
Observation (n=1)	Steroids (n=7)	Steroids+IS (n=13)	Steroids+IS+RTX (n=11)	INT/SURG ONLY (n=2)	1	0.14285714285714299	0	0	0	
SEROLOGICAL RESPONSE



