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Abstract

Objective.—IgG4-related disease (IgG4-RD) is a fibroinflammatory disease of unclear etiology. 

Some studies suggest that IgG4-RD predisposes patients to malignancy or is a forme fruste of 

cancer, but we have frequently observed IgG4-RD patients who have a history of malignancy 

preceding the clinical onset of IgG4-RD. This study was undertaken to characterize IgG4-RD in 

the setting of previous malignancy diagnosis.

Methods.—We identified IgG4-RD patients with a history of invasive malignancy from a well-

defined cohort of 125 patients and compared their malignancy history to those of 2 reference 

groups. First, we calculated a standardized prevalence ratio against general US population 

estimates from the Surveillance, Epidemiology, and End Results (SEER) database. Second, we 

identified up to 5 age- and sex-matched controls for each case and calculated the odds of 

malignancy among those with IgG4-RD compared to controls, using conditional logistic 

regression.

Results.—The mean ± SD age at IgG4-RD onset was 50.3 ± 14.9 years, and 61% of the patients 

were male. Twenty (16%) had been diagnosed as having malignancies (total 21 malignancies) 

before the diagnosis of IgG4-RD. The observed prevalence of malignancy in this cohort was 2.5 

times higher (95% confidence interval [95% CI] 1.1–3.6) than expected compared to the SEER 

database. Compared to matched controls, the frequency of history of malignancy was >3-fold 

higher in IgG4-RD patients (95% CI 1.6–6.2).

Conclusion.—Our findings suggest that, in a subset of patients with IgG4-RD, malignancy may 

be associated with subsequent IgG4-RD development. Potential explanations include shared risk 

factors for both IgG4-RD and cancer, the triggering by cancer of autoantigen expression leading to 

IgG4-RD, and an increased risk of IgG4-RD resulting from cancer treatment.

IgG4-related disease (IgG4-RD) is a systemic fibroinflammatory condition that often causes 

tumefactive lesions and can affect nearly any anatomic site (1). Given its tendency to occur 
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as mass lesions in the pancreas, orbits, retroperitoneum, lung, kidneys, lymph nodes, and 

other organs, IgG4-RD is often mistaken for malignancy. Indeed, because of the frequent 

confusion with malignancy, patients with IgG4-RD often experience substantial iatrogenic 

morbidity before the correct diagnosis is established; organ resections designed to treat 

cancer are common in this patient population (2,3).

Conversely, there has been considerable speculation that IgG4-RD represents a premalignant 

state or paraneoplastic condition (4–6). However, no robust study has definitively 

demonstrated such a relationship, and findings of several investigations have contradicted 

these hypotheses (4,7). IgG4-RD is thought to be an autoimmune condition (8,9), and a 

growing body of literature indicates that malignancy has an important role in autoimmunity 

(10–14), suggesting that in some cases there may be a complex relationship between IgG4-

RD and cancer.

Before the performance of the present investigation, our own clinical experience suggested 

that the evolution of IgG4-RD into a cancer was unusual. More-over, anecdotal observations 

suggest that many IgG4-RD patients have histories of cancer that precede their IgG4-RD 

diagnoses. Studies in patients with autoimmune conditions have shown a relationship 

between malignancy and the subsequent development of dermatomyositis, systemic 

sclerosis, and other conditions (10,15,16). In one recent study, for example, a specific 

mutation in some cancers was found to trigger the development of systemic sclerosis (10), 

leading (along with other observations) to hypotheses of cancer-induced autoimmunity in 

scleroderma and other rheumatic diseases.

The identification of a relationship between malignancy and the subsequent development of 

IgG4-RD may advance our understanding of the pathogenesis of IgG4-RD and illuminate 

the hypothesized connection between malignancy and autoimmune disease in some patients. 

We therefore investigated this by comparing a well-described IgG4-RD patient cohort to the 

general US population and to matched controls with non–IgG4-RD diagnoses evaluated in 

the same clinic.

PATIENTS AND METHODS

Overview of the IgG4-RD cohort.

This study was approved by the Partners Healthcare Institutional Review Board. All patients 

provided written informed consent. The Massachusetts General Hospital Center for IgG4-

Related Disease, part of the Division of Rheumatology, Allergy, and Immunology, maintains 

a database of all patients with IgG4-RD evaluated in the center. Data pertaining to 

demographic characteristics, IgG4-RD manifestations, and medical history (including 

oncologic history) at baseline evaluations were derived from the medical record and 

interviews with the patients, as necessary. The IgG4-RD patients in this study were seen 

between January 2, 2010 and September 30, 2014.

Age at IgG4-RD onset refers to the age at which the patient first noticed the symptoms 

ultimately attributed to IgG4-RD, or to the time point at which the disease was first 

recognized (whichever was earlier). Serum IgG4 concentrations were measured using 
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commercial nephelometry with serial dilution to prevent the prozone effect. Some of the 

clinical and laboratory features of this IgG4-RD cohort have been reported previously (2), 

but their malignancy histories had not been investigated and the analyses pertaining to 

cancer reported herein are new.

Control subjects.

Controls were identified using the Research Patient Data Registry (RPDR), a centralized 

clinical data registry at Partners Healthcare. The RPDR consists of ~ 450 million records on 

~ 2 million patients, including data on demographic features, diagnoses, medications and 

procedures, clinic visits, and hospitalizations. For the purposes of this study, controls were 

ascertained from the large number of patients evaluated in the Massachusetts General 

Hospital Division of Rheumatology, Allergy, and Immunology.

Because of the putatively increased risk of malignancy in some rheumatic conditions and the 

association of certain commonly used treatments with an increased malignancy risk, patients 

with rheumatoid arthritis, systemic lupus erythematosus, idiopathic inflammatory myositis, 

Sjögren’s syndrome, vasculitis, polymyalgia rheumatica, and scleroderma were excluded. 

Up to 5 controls with a diagnosis of either osteoarthritis or fibromyalgia were matched to 

each case by sex and age (same 10-year decade). The age of control patients at their first 

visit was matched to the age of cases at the onset of IgG4-RD (index date). The RPDR also 

accounts for “comparative health” when matching cases and controls; this takes into 

consideration certain common comorbidities (e.g., hypertension) and frequency of visits. 

Each case had at least 2 controls. For the purposes of control cohort development, medical 

history was based on International Classification of Diseases, Ninth Revision codes from 

encounter and billing data from the RPDR.

US cancer statistics.

We used the Surveillance, Epidemiology, and End Results (SEER) program of the National 

Cancer Institute (Cite SEER database) (17) to obtain data on cancer prevalence in the 

general US population. SEER data are available by sex and age group (at prevalence 

measurement). The SEER program estimated the US cancer prevalence counts in 2011 based 

on SEER 9 registries and averaged US population estimates from the years 2010 and 2011 

from the US Bureau of the Census. The SEER program considers only an individual’s first 

invasive cancer when determining US cancer prevalence counts.

Malignancy ascertainment.

For the purposes of this study, malignancy was defined as any invasive carcinoma, including 

melanoma. Nonmelanoma skin cancers, carcinoma in situ, and high-grade dysplasia were 

not analyzed. For cases, the history of malignancy was based on the patient’s self-report as 

well as a review of the available medical record. For controls, the history of malignancy was 

based on a review of the electronic medical record including clinic visits, pathology records, 

billing records, and electronic problem lists.
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Statistical analysis.

Categorical data are presented as the percentage of subjects, and continuous data as the 

mean ± SD or the median and interquartile range (IQR). The statistical significance of 

differences between groups was assessed by Fisher’s exact test (for categorical data) or by 

unpaired t-test or Wilcoxon rank sum test (for continuous data). To examine the association 

between malignancy among patients with IgG4-RD compared to malignancy in the general 

US population, we computed the standardized prevalence ratio (SPR) for malignancy, using 

the indirect standardization method and controlling for age and sex. The SPR was computed 

by comparing the observed number of malignancies to the expected number of malignancies 

based on prevalence estimates calculated from the SEER database. A Poisson model was 

used to calculate the 95% confidence interval (95% CI) of the SPR. The prevalence of 

malignancy in the cases and controls was compared (prior to adjustment) by calculating the 

odds ratio (OR) and 95% CI; P values were determined by Fisher’s exact test. Univariate 

conditional logistic regression was used to compare the odds of malignancy in cases and 

controls after adjustment for matching (age and sex). For all analyses, P values (2-sided) less 

than 0.05 were considered significant. SAS version 9.2 (SAS Institute) was used for all 

statistical analyses.

RESULTS

Characteristics of the patients in the IgG4-RD cohort.

Of the 125 patients with IgG4-RD, 76 (61%) were men and 96 (77%) were non-Hispanic 

white (Table 1). The mean ± SD age at disease onset was 50.3 ± 14.9 years. The mean ± SD 

number of involved organs was 2.3 ± 1.3. The organs most commonly involved were the 

submandibular glands (35 cases [28%]), lymph nodes (34 cases [27%]), orbits (28 cases 

[22%]), pancreas (24 cases [19%]), and retroperitoneum (25 cases [20%]). Duration of 

disease prior to initial evaluation at our center was 5.2 ± 68.5 years.

IgG4-RD patients with prior malignancy.

Twenty of the 125 patients (16% [95% CI 11.2–28.8]) had been diagnosed as having 

malignancies (21 malignancies) before the onset of IgG4-RD (Table 1). Those with a history 

of malignancy were significantly older at onset of IgG4-RD than those without prior 

malignancy (mean6 age 59.8 ± 14.6 years versus 48.5 ± 14.3 years; P = 0.002). There was 

no significant difference in the sex distribution in the group of IgG4-RD patients with prior 

malignancy and the group without (75% male and 58% male, respectively; P = 0.2). The 

mean age at malignancy diagnosis was 51.0 ± 18.0 years. Among the 20 patients with a 

history of malignancy, 18 had active disease and 14 had an elevated serum IgG4 

concentration (>135 mg/dl) at the time of initial evaluation. The median IgG4 concentration 

in these 18 patients with active disease was 407.5 mg/dl (IQR 139–655). This was 

significantly higher than the serum IgG4 concentration among patients with active disease 

and no history of malignancy (n = 104) (median 121 mg/dl [IQR 49.8–319]) (P = 0.03). 

However, after adjustment for age at the time of measurement, the difference in serum IgG4 

concentrations between the 2 groups did not remain significant.
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Malignancy was diagnosed an average of 8.8 years (range 1–39) prior to the diagnosis of 

IgG4-RD (Table 2). Prostate cancer (n = 7) and lymphoma (n = 4) were the most common 

malignancies. Among patients with a history of lymphoma, there was 1 case of Burkitt’s 

lymphoma (patient 9), 2 cases of non-Hodgkin’s lymphoma (patients 16 and 18), and 1 case 

of diffuse large B cell lymphoma (patient 17). The other malignancies diagnosed in these 

patients are summarized in Table 3. At the time of IgG4-RD diagnosis, cancer seemed to be 

in remission in all patients with a previous diagnosis of malignancy.

Characteristics of the disease controls.

We identified a total of 350 controls, of whom 58% were male (Table 4). The mean ± SD 

age of the controls was 51.5 ± 14.8 years. The control group did not differ significantly from 

the cases in the proportion of male subjects, proportion of non-Hispanic white subjects, or 

average age. Of the 350 controls, 23 (6.6%) had a history of malignancy prior to their first 

clinic visit. The most common malignancies were prostate cancer in 5 patients and 

melanoma in 3 patients (Table 3). Only 1 control subject had a history of lymphoma.

Case–control comparison.

Prior to adjustment for matched pairs, patients with IgG4-RD had a 2.7-fold increased odds 

(95% CI 1.4–5.1) of having a history of malignancy compared to controls (P = 0.003) (Table 

4). After adjustment for age and sex, a history of malignancy remained significantly more 

common among those with IgG4-RD (OR 3.1 [95% CI 1.6–6.2], P = 0.01) compared to 

controls. A history of lymphoma was significantly more common among IgG4-RD patients 

compared to controls (3.2% versus 0.3%; P = 0.02).

General US population comparison.

Based on US population estimates, the expected number of malignancies in a cohort of 125 

IgG4-RD patients (with adjustment for age group by decade) would be 8.0. We observed 20 

first-time malignancies in our cohort of IgG4-RD patients. The SPR for malignancy among 

IgG4-RD patients compared to the general US population was 2.5 (95% CI 1.1–3.6) (Table 

5). Among male patients with IgG4-RD, 5.8 malignancies would be expected but 15 were 

observed, corresponding to an SPR of 2.6 (95% CI 1.9–3.3). Among female patients, 2.6 

malignancies would be expected but 5 were observed (SPR 1.9 [95% CI 1.1–2.7]).

Malignancy diagnoses following IgG4-RD onset.

The 125 IgG4-RD patients have been followed up for a total of 996 patient-years since the 

onset of IgG4-RD. During this follow-up, a new malignancy has been diagnosed in 6, a 

median of 6.5 years (range 3–18) after the onset of IgG4-RD. Thus, the incidence of new 

malignancy after the onset of IgG4-RD in this cohort was 0.6 per 100 patient-years. There 

were 2 cases of bladder cancer, 2 cases of prostate cancer, 1 case of diffuse large B cell 

lymphoma, and 1 case of esophageal cancer. In addition to these new diagnoses of 

malignancies, 1 patient (patient 10), with a history of prostate cancer prior to the onset of 

IgG4-RD, developed metastatic disease during follow-up. In 2 patients, malignancy was 

diagnosed at the same time as their diagnosis of IgG4-RD (1 case of bladder cancer and 1 

case of appen-diceal cancer); it could not be determined whether 1 preceded the other.
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DISCUSSION

Our present findings suggest that a history of malignancy may be associated with the 

development of IgG4-RD. This observation, based on comparisons of our IgG4-RD cohort 

to age-and sex-matched controls identified from the same clinic and to population-based 

data from the SEER program, may have important implications for understanding of the 

pathogenesis of IgG4-RD. In this study, a history of malignancy was 2.5 times more likely in 

IgG4-RD patients compared to the general US population. Further, a history of malignancy 

was 3-fold more common in IgG4-RD patients than in control patients in a case–control 

analysis.

Prostate cancer was the most common malignancy in both the IgG4-RD patients and the 

controls, but lymphoma accounted for 19% of the malignancies in the IgG4-RD cohort, 

compared to only 4% in the control cohort. Patients were treated for malignancy with a 

variety of approaches including surgery, radiation, and chemotherapy, but no single modality 

was universal.

There appear to be important differences between IgG4-RD patients with and those without 

a history of malignancy. IgG4-RD patients with malignancy developed IgG4-RD at a later 

age and had higher serum IgG4 concentrations compared to the subgroup without 

malignancy. Due to the limited number of cases, we could not conduct a robust evaluation of 

the differences in organ involvement between the 2 subgroups. However, a wide variety of 

manifestations of IgG4-RD were observed in the group with malignancy. It is important to 

note that no cases of IgG4-RD involved the organ previously affected by cancer.

One previous study has evaluated the prevalence of malignancy at the time of diagnosis of 

IgG4-related pancreatitis (type 1 autoimmune pancreatitis [AIP]) (4). In that study, which 

compared the malignancy histories of 116 AIP patients to those of appropriately matched 

controls (~3 controls per case), 12 AIP patients (10.3%) had a history of malignancy, 

including 3 cases of lymphoma and 1 of prostate cancer. There was no statistically 

significant relationship between a diagnosis of AIP and a history of malignancy compared to 

controls from the same center. One important difference between that study and ours is that 

we included patients with diverse manifestations of IgG4-RD; in fact, only 19% of the 

patients in our cohort have had pancreatic involvement, and only 3 of the patients who had a 

history of malignancy had IgG4-related AIP.

The pathogenesis of IgG4-RD remains poorly understood, but it is generally recognized as 

an immune-mediated condition (9) which may be mediated by autoimmunity (18,19), Th2-

polarized and T regulatory lymphocytes (20), and/or oligoclonally expanded circulating 

plasmablasts (8,21). Associations between allergic conditions and IgG4-RD may suggest a 

shared pathogenesis between the 2 conditions (22). Finally, environmental exposures—to 

tobacco and occupational hazards—have also been invoked as possible contributors to, or 

triggers of, the development of IgG4-RD (23), but this has not been specifically studied.

Although the precise steps leading to the establishment of IgG4-RD remain unclear, our 

findings suggest that malignancy may be a predisposing condition in some patients. One 

possible explanation is that the treatment of malignancy (e.g., radiation, chemotherapy) 
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fosters immune dysregulation, leading to IgG4-RD in patients with other risk factors for that 

condition. While no common treatment modality was recognized in our cohort to suggest 

such a link, we had limited details regarding treatment in both cases and controls to address 

this possibility. Alternatively, malignancy and IgG4-RD may share common genetic 

predispositions. The fact that no IgG4-RD manifestation occurred at the site of a prior 

malignancy suggests that local changes in the immunologic milieu related to malignancy, its 

treatment, or subsequent damage are not a likely explanation. However, malignancy may 

generate CD+ cytotoxic T lymphocytes (24), which have recently been implicated in IgG4-

RD pathogenesis. The persistence of these cells following the treatment of malignancy may 

link the 2 disorders (25). A final possibility is that mutations in malignancies expose the 

immune system to neoantigens that can precipitate a cascade of events culminating in 

autoimmune disease, as observed in other immune-mediated conditions (10).

Previous studies, in dermatomyositis and systemic sclerosis in particular, have demonstrated 

a temporal relationship between autoimmune disease and malignancy (10,11); in many 

cases, the autoimmune condition develops after the malignancy and improves with treatment 

of the underlying malignancy (11). Further work is needed to determine whether IgG4-RD 

patients with a history of malignancy have specific autoantibodies that might be pathogenic 

and may distinguish them from patients without a similar history of malignancy.

This study has a number of strengths. All 125 IgG4-RD patients in our cohort have biopsy-

proven disease that is well characterized (2). Further, the association between IgG4-RD and 

malignancy in this cohort was assessed by comparisons both to the general US population 

using national cancer data as well as to control patients evaluated at the same center.

The study also has some limitations. The majority of patients in our cohort are non-Hispanic 

white, which may limit generalizability of the findings. Because of the limited number of 

cases, we were unable to detect potentially significant differences in IgG4-RD organ 

involvement, ethnicity, and other factors between those with and those without a history of 

malignancy. In this retrospective study, it is possible that patients may have been 

misclassified with regard to previous cancer status. However, there is no reason to suspect 

differential misclassification between the case group and the control group. Because of 

incomplete records regarding risk factors (e.g., smoking), we were unable to assess the 

impact of potential confounders on the relationship between malignancy and IgG4-RD. 

There is no clear evidence that smoking is related to the development of IgG4-RD, but 1 

study identified smoking as a risk factor for idiopathic retroperitoneal fibrosis (23), and 

some of these cases were likely IgG4-RD. Prospective studies will be needed to rigorously 

investigate the potential relationship between smoking and IgG4-RD.

In conclusion, a history of invasive malignancy appears to be associated with the subsequent 

development of IgG4-RD. This finding may support and advance contemporary hypotheses 

about the relationships between malignancy and the subsequent development of immune-

mediated conditions.
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Table 3.

Distribution of malignancies in cases and controls

Cancer site IgG4-RD cases Clinic controls

Prostate 7* 5

Breast 2 2

Melanoma 0 3

Bladder 0 2

Lymphoma 4 1

Kidney 0 1

Lung 2

Leukemia 1 1

Colorectal 2 1

Endometrial 0 1

Sarcoma 0 1

Testicle 2 1

Throat 0 1

Thyroid 0 1

Cervix 1 0

*
In addition to these 7 cases of prostate cancer, 1 of the 2 patients who had testicular cancer prior to the diagnosis of IgG4-related disease (IgG4-

RD) had prostate cancer 33 years prior to having testicular cancer.
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Table 4.

Demographic characteristics of the IgG4-RD cases and controls and association with history of malignancy

IgG4-RD cases (n = 125) Clinic controls (n = 350)

Age, mean ± SD years* 50.3 ± 14.9 51.5 ± 14.8

Male, no. (%) 76 (61) 204 (58)

White, no. (%) 96 (77) 268 (77)

History of malignancy, no. (%)† 20 (16) 23 (6.6)

 Unadjusted OR (95% CI) 2.7 (1.4–5.1) Referent

 Adjusted OR (95% CI) 3.1 (1.6–6.2) Referent

*
At the time of first visit (controls), matched to age at IgG4-related disease (IgG4-RD) onset (cases).

†
OR = odds ratio; 95% CI = 95% confidence interval.
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