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Immunoglobulin G4-related
ophthalmic disease — what is it?

Part 1: Epidemiology, classification, radiology, histopathology and associations

BY LI YEN GOH

In this two-part series, Li Yen Goh reviews 1gG4 disease and reminds us of diagnostic challenges faced.

Introduction

Immunoglobulin G4 (IgG4) disease is a recently recognised
idiopathic systemic condition characterised by mass forming lesions
which histologically feature dense lymphoplasmacytic infiltration
and IgG4-positive plasma cells. These lesions eventually acquire
fibrosis which potentially leads to organ failure [1]. The pathogenesis
of this disease is poorly understood and is thought to possibly result
from an abnormal immune response against infection, allergens or
tissue injury [1]. Currently, while IgG4 prominence in affected tissues
are a feature of the condition, it is unclear what role IgG4 truly plays
[2]. Lesions associated with IgG4-related disease in the ocular
regions are collectively termed ‘IgG4-related ophthalmic disease
(IgG4-RODY [3].

Epidemiology and demographics of IgG4-related
disease (IgG4-RD) and IgG4-ROD

Recent work from a large international cross-sectional study has
established four different phenotypes of 1IgG4 disease: Group 1
(pancreato-hepatobiliary), Group 2 (retroperitoneal fibrosis / aorta)
Group 3 (head and neck) and Group 4 (Mikulicz and systemic),

each group significantly differing from other groups in terms of

race, age, sex and serum IgG4 levels [4]. Analysed together, Group 3
and 4 should capture all manifestations of IgG4-ROD, although the
study did find most ocular disease presented more frequently in the
head and neck group; 22% versus <1% probability in the Mikulicz

and systemic group. It is believed that potential differences in the
triggers may results in these varied phenotypes, although the exact
mechanism of this whole process remains elusive and needs further
study [4]. Several different studies across populations in Japan, the
USA and China have reported that the frequency of IgG4-ROD ranges
from 4.0-58.8% of IgG4-RD; this wide variation could perhaps be
explained by racial / geographic variation [5-8].

This cross-sectional study also suggested that East Asian
individuals are more likely to be predisposed to IgG4-RD
complications in the head and neck region [4]. In contrast, non-Asian
cases, predominantly Caucasians (including individuals from the
Indian subcontinent) have a greater predilection for pancreato-
hepatobiliary disease, retroperitoneal and / or aortic disease [4].
However, due to the case submission method in the aforementioned
international cross-sectional study, by individual IgG4 specialists
from each country, the relative impact of environment as opposed to
race was not easily discernable [4].

Involvement of the head and neck appears to be more frequent in
women than men; additionally, women tend towards IgG4 disease
limited to the head and neck rather than systemic disease with head
and neck manifestations [4,10]. Specifically relating to IgG4-ROD,
this female preponderance has been echoed; female to male ratio
ranging between 2.2-1.0 to 1.0 [5,11,12]. Interestingly, in a large
study of IgG4-ROD, it was found that males were significantly more

likely to experience a relapse of the disease after corticosteroid
therapy [5]. Individuals with head and neck disease and including
IgG4-ROD tended to be younger than other forms of IgG4-RD; on
average this was approximately 54 to 57 years of age compared
to IgG4 pancreatitis, for example, which ranges between 58 to 69
years of age [5,11,13]. Nevertheless, IgG4-ROD has been described in
children and young adults; with the youngest confirmed case being
five-years-old [14-21]. In fact, the commonest presentation of any
kind of IgG4-RD in children is within the orbit [22].

Some of the difficulties in identifying the true prevalence of
IgG4-RD and therefore IgG4-ROD may lie in diagnostic agreement.
A proportion of IgG4-ROD cases in the past are likely to have been
labeled as idiopathic orbital inflammation. One study demonstrated
that among cases initially classified as either chronic dacryoadenitis
or orbital inflammatory pseudotumour, 39% (15 of 38) fulfilled
criteria for IgG4-ROD and five were suspicious for IgG4-ROD [23].
However, with advances in investigation capabilities, cases of IgG4-
ROD are now being determined more accurately and actively rather
than being relegated to a diagnosis of exclusion.

Histopathology

A large international consensus by Deshpande et al. suggests
diagnostic criteria, based on three main histopathological

findings: 1) dense lymphoplasmacytic infiltrate; 2) storiform

fibrosis (Figure 1); 3) obliterative phlebitis [24,25]. Early lesions

tend towards having a more intense lymphoplasmacytic infiltrate
which then culminates in a burnt-out sclerotic phase, seenin a
swirling ‘storiform’ pattern [26,27]. With regards to IgG4-ROD, the
demonstration of the storiform pattern of fibrosis and obliterative
phlebitis is not required, as fibrosis seen in IgG4-ROD is collagenous
rather than storiform and obliterative phlebitis is inconsistently seen
in ocular structures [24,28].

Histopathological diagnosis is more difficult if needle biopsy is
employed and in IgG4-ROD cases, transocular needle sampling is
undertaken frequently. To optimise findings, immunohistochemistry
is also undertaken routinely if IgG4 is suspected, the average
number of IgG4 cells in three X40 high-powered fields (hpf) with the
largest numbers should be selected [24]. Even so, needle biopsy
specimens provide fewer hpfs to select from, leading to significantly
lower 1gG4 cells counts than surgical biopsy methods (p<0.001)
[10]. Additionally, histochemical diagnostic values should be tailored
towards the organ sampled but in IgG4-ROD this is not consistent;
the quoted proposed cut-offs for lacrimal lesions range from as low
as 10 to as high as 100 1gG4 cells per hpf [24,32]. Another well-
recognised consensus by Umehara et al. from Japan was updated in
2020 and agrees broadly with the histopathological criteria set out
by Deshpande et al. Additionally, this criteria also includes clinical,
radiological, haematological findings in achieving a diagnosis [33].
This consensus requires clarification in terms of the size of the hpf
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Figure 1: lllustration of storiform fibrosis (encircled) in the lacrimal gland.

used to count IgG4 cells. This is not uncommon, as hpf size is rarely
described in papers and when it has been, the described size has
varied by nearly 10-fold, between 0.0588mm?2 to 0.550mm2 [34-38].
Due to these difficulties involving the hpfs, it is thought that tissue
IgG4: IgG ratio may be a more powerful measure; it is preserved

in needle biopsy specimens, and a ratio of >40% is thought to be

a comprehensive cut-off value in any organ [40-43]. However, care
needs to be taken in interpretation of these values; overall very

low values of both IgG4 and IgG may result in an inflated ratio.
Furthermore, in the absence of other corroborative findings of 1gG4-
RD, an elevated ratio could be found in multicentric Castleman’s
disease, rheumatoid arthritis and other immune-mediated conditions
[25-44].

Furthermore, organ specific criteria have been suggested as
manifestations of IgG4 in various organs can differ. Fortunately, for
ophthalmic involvement IgG4-ROD specific criteria exists and was
developed by Goto et al and includes radiological, histopathological
and serological findings. This criteria allows description of the
disease to be classified into: definite, probable or
possible IgG4-ROD [39]. View the diagnostic criteria
for IgG4-related ophthalmic disease here: https://link.
springer.com/article/10.1007/s10384-014-0352-2 or by
scanning the QR code.

Most recently, a joint effort between the American
College of Rheumatology and the European League Against
Rheumatism set out a comprehensive classification system which
was based on entry criteria, exclusion criteria consisting of clinical,
pathologic, serologic, and radiological findings - sensitivity of 83%
and a specificity of 98.9% [45]. Importantly, even with removal
of the biopsy criteria, the specificity of this classification was
maintained at 94% [45]. View the 2019 American
College of Rheumatology / European League Against
Rheumatism classification criteria for IgG4-related
disease here: https://ard.bmj.com/content/79/1/77 or
by scanning the QR code.

Serum IgG4

Elevated serum IgG4 levels alone are not diagnostic, as elevated
IgG4 levels were found to be normal in as much as 40% of

the population (cutoff >1.4g/L) [46,47]. This has prompted
suggestions that higher optimal 1IgG4 cut-offs should be
established but there have been mixed findings related to this,
with some studies finding that even tripling the cut-off level was
not discerning of IgG4 disease [47,48]. However, this test may
still offer some prognostic value and aid in monitoring disease
response to treatment. Associations have been demonstrated
between higher IgG4 concentrations and more extensive disease,

as well as increased risk of relapse [4-6,49-54]. Interestingly,
serum IgG4 tends to be higher in patients with IgG4-ROD than
other IgG4-RD in other organs [5,6,10]. While IgG4 has not been
established as directly involved in the pathophysiology of the
disease, these total IgG4 serum levels and 1gG4: I1gG ratios

fall with immunosuppressive treatment and corresponds to
improvement in clinical features [9,55,56]. Furthermore, research
has shown that lower serum IgG4 at diagnosis could be a
surrogate for lower disease activity and correspondingly a lesser
response to glucocorticoids [55].

Imaging

In the work-up to exclude malignancy and infection, imaging is
frequently undertaken, and radiologic diagnosis based on computed
tomography (CT) and magnetic resonance imaging (MRI) has been
reported to have up to 80% compatibility with clinical diagnosis of
IgG4-ROD [57]. Common radiologic findings on magnetic resonance
imaging scans include diffuse homogenous enlargement of one /
both lacrimal glands (including uniform distribution of gadolinium

if used), extraocular muscle (EOM) thickening, orbital fat infiltration
and trigeminal nerve enlargement. Specifically, infraorbital nerve
enlargement, with bone remodeling of the infraorbital canal,
especially bilaterally, is thought to be the most specific sign of

IgG4 and is demonstrable on both CT and MRI scans [58-60]. Only
IgG4-ROD and adnexal mucosa-associated lymphoid tissue (MALT)
are known to cause enlargement of the ischaemic optic neuropathy
(ION) and its canal, and both conditions have associations to

one another. Almost no disease other than IgG4-ROD will lead to
bilateral ION enlargement [2,58].

Lesions should be well-defined, with iso-intensity on MRI T1-
weighted images and hypo-intensity on T2-weighted lesions [61].
These can easily be confused for non-specific orbital inflammation,
sarcoidosis, infection, granulomatosis with polyangiitis and
potentially thyroid eye disease (TED) if purely based on radiological
signs, as tendon sparing is also noted in IgG4-ROD though as
mentioned previously the most recent studies have noted that the
lateral rectus tends to be involved more commonly in IgG4 rather
than the inferior rectus in TED [62].

Associations

Lymphoma

IgG4-RD may confer a risk of developing malignancies; IgG4-ROD,
dacryoadenitis, in particular may be associated non-Hodgkins
lymphoma (NHL) [63]. Larger case-series suggest frequencies

of between 10-14% of NHL within their populations of IgG4-ROD,
notably higher than that observed in the general population
[34,37,64,67]. In the general population, ocular adnexal NHL had
an incidence of 0.3 per 100,000 person-years (0.3 cases arising in
every 100,000 individuals in a year) [66]. The NHL most commonly
associated with IgG4-ROD is MALT, this is also the most common
lymphoma affecting the ocular adnexal in the general population,
accounting for 35-68% of primary lymphomas [67,68]. Follicular
lymphoma has also been described in association with IgG4-ROD
[65]. The mechanism of lymphogenesis in IgG4-ROD and indeed
IgG4-RD in general is not understood but though to be likely related
to chronic antigen stimulation driving lymphoid proliferation [70].

IgE mediated disease and autoimmune disease

Associations between clinical allergy and immunoglobulin E (IgE)-
mediated disease with IgG4-RD have frequently been observed
though not fully understood, both are thought to have similar
pathogenic mechanisms particular Th2 and IgE overproduction [71].
Studies have found the rates of allergic rhinitis to be higher in IgG4-
ROD populations compared to the general population, 44% versus
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34% [52,72]. Furthermore, a recent study has suggested that IgG4-
ROD patients had statistically significantly higher IgE levels than
patients with IgG4-RD elsewhere [5].

Conclusion

IgG4-ROD is thought to be an uncommon disease though it is
recognised that its frequency may be higher than previously
understood due to misdiagnosis and subsequent under-reporting,
particularly in lacrimal gland and orbital involvement. Diagnosis
relies on recognising histopathologic and immunohistochemical
features on tissue biopsy alongside clinical assessment, serum

IgG4 levels, and radiological findings.

+ |gG4 disease can affect almost any structure of the
eye, adnexae (and body!) and therefore should be a
differential in presentations of ophthalmic structure
inflammation.

+ 1gG4-ROD occurs most frequently among individuals
aged 54-57 years and may be slightly more common in
women, though men could be more prone to relapses.
IgG4 disease in the head and neck are more common
in East Asian individuals.

+ Diagnosis of 1IgG4-ROD should be based on clinical,
radiological, serological, and pathological criteria,
‘possible’ and ‘probable’ diagnoses of IgG4-ROD can be
allocated if the criteria are not met fully.
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