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Abstract

Purpose of Review—Granulomatous-lymphocytic interstitial lung disease (GLILD) has
classically been associated with common variable immune deficiency (CVID), but is increasingly
being reported in other immunodeficiencies. We describe the second reported case of GLILD in a
patient with 22q11.2 deletion syndrome (22q11.2DS) and review the recent literature surrounding
GLILD.

Recent Findings—GLILD is characterized by granulomata and lymphoproliferation. Consensus
statements and retrospective and case-control studies have better elucidated the clinicopathological
and radiographic manifestations of GLILD, allowing for its differentiation from similar conditions
like sarcoidosis. Gaps of knowledge remain, however, particularly regarding optimal management
strategies. Combination therapies targeting T and B cell populations have recently shown
favorable results.

Summary—GLILD is associated with poorer outcomes in CVID. Its recognition as a rare
complication of 22q11.2DS and other immunodeficiencies therefore has important therapeutic and
prognostic implications. Additional research is needed to better understand the natural history and
pathogenesis of GLILD and to develop evidence-based practice guidelines.

Correspondence to: Amika K. Sood.

This article is part of the Topical Collection on Autoimmunity

Compliance with Ethical Standards

Conflict of Interest: The authors declare no conflicts of interest relevant to this manuscript.

Human and Animal Rightsand I nformed Consent: This article does not contain any studies with human or animal subjects
performed by any of the authors.



1duosnuey Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Sood et al.

Keywords

Page 2

Granulomatous-lymphocytic interstitial lung disease; 22q11.2 deletion syndrome; Common
variable immune deficiency; Primary immune deficiency; Sarcoidosis; Autoimmunity

Introduction

Immune dysregulation and autoimmunity are well-known complications of 22q11.2 deletion
syndrome (22q11.2DS). The immunodeficiency is secondary to thymic dysplasia as a result
of the chromosomal microdeletion, and it varies from the more common mild-to-moderate T
cell lymphocytopenia to the rarer severe combined immunodeficiency phenotype.
Additionally, 22q11.2DS often manifests with partial humoral deficiencies as well as
autoimmune conditions, including, but not limited to, cytopenias, endocrinopathies, and
arthritis [1]. Granulomatous-lymphocytic interstitial lung disease (GLILD) is a rare type of
interstitial lung disease (ILD) with features of both granulomas and lymphoproliferation.
GLILD is classically identified as a non-infectious complication of common variable
immunodeficiency (CVID), a primary humoral immune deficiency defined by low
immunoglobulin levels and poor specific antibody responses to vaccination [2¢¢]. GLILD is
now being increasingly recognized in other primary immunodeficiencies (PID) [3-9],
partially secondary to improved care of patients with PID allowing for longer survival and
the development of advanced complications. To our knowledge, GLILD has only been
previously reported in a single patient with 22q11.2DS [10+]. We present here the second
case of GLILD in a patient with 22q11.2DS followed by a review of the most recent
literature on GLILD, highlighting the need to further clarify its natural history, pathogenesis,
and optimal management strategies.

Case Report

An African-American male presented at 16 years of age to the rheumatology/immunology
clinic for evaluation of granulomatous adenopathy and pulmonary nodules, with particular
concern for sarcoidosis. Review of his history revealed a diagnosis of tetralogy of Fallot at
birth with subsequent confirmation of 22q11.2DS by fluorescence in situ hybridization
(FISH). The remainder of his childhood and adolescent years was complicated by speech
delay, learning disabilities, and variable immune-mediated cytopenias, consistent with his
diagnosis of 22q11.2DS [1]. He had no significant history of recurrent or opportunistic
infections and available records of an immune system evaluation during his preadolescent
years revealed decreased total CD3+ and CD3+CD4+ T cell numbers, decreased percentage
of CD45RA+ naive Tcells, normal T cell function, normal IgG, and normal specific
antibody titers.

In regards to his cytopenias, he was noted to be persistently thrombocytopenic since infancy
and intermittently anemic, neutropenic, and lymphopenic. Direct Coomb’s testing was
variably positive, and this combined with a normocellular bone marrow led to the diagnosis
of Evan’s syndrome. He was initially asymptomatic from the thrombocytopenia, but then
developed recurrent episodes of epistaxis, some of which required medical and surgical
intervention. This prompted sporadic combination treatment beginning at 11 years of age
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with intravenous immunoglobulin (IVIG), vincristine, and/or pulse corticosteroids to which
he initially responded well. He ultimately required intermittent courses of rituximab for
refractory thrombocytopenia at 13 and 15 years of age.

During a routine hematology visit prior to his referral, he reported decreased exercise
tolerance secondary to exertional dyspnea and associated with peripheral cyanosis. An
urgent cardiac evaluation yielded no cardiovascular cause for his symptoms, but a cardiac
MRI did unexpectedly demonstrate bulky mediastinal lymphadenopathy (LAD),
splenomegaly, and pulmonary nodules. Subsequent positron emission tomography computed
tomography (PET-CT) revealed intensely FDG-avid supraclavicular, mediastinal, and
retroperitoneal LAD; numerous bilateral scattered pulmonary nodules with a lower lobe
predominance; and focal irregular areas of uptake in the spleen. Excisional biopsy of a
mediastinal lymph node was not consistent with malignancy but instead revealed
granulomatous inflammation, prompting concern for sarcoidosis after a thorough infectious
disease workup for viral, bacterial, and fungal pathogens was negative.

At the time of his initial visit in rheumatology/immunology clinic, a thorough immune
evaluation was performed and was remarkable for low naive T cell numbers, decreased
lymphoproliferative responses to mitogens and antigens, hypogammaglobulinemia, and
suboptimal vaccine responses (Table 1). As a complete humoral immune system evaluation
had not been performed for some time before his initial course of rituximab, it is unclear
whether the humoral immune deficiency was secondary to his underlying 22q11.2DS or
treatment with rituximab. Regardless, a diagnosis of combined immunodeficiency was made,
and the patient was started on monthly IVIG replacement to maintain trough levels near or
above 1000 mg/dL and monthly inhaled pentamidine for Pneumocystis pneumonia
prophylaxis.

In regard to his granulomatous inflammation, a review of the histopathology from his
mediastinal lymph node biopsy was not convincing for sarcoidosis due to several atypical
features not seen with sarcoidosis, including the ill-defined architecture of the granuloma,
scattered areas of calcifications, and an area of necrosis. The patient’s symptoms
spontaneously resolved and a high-resolution CT (HRCT) chest obtained 3 months after
initial symptom onset revealed decrease in size and prominence of LAD, so additional
workup was not pursued. Despite immunoglobulin replacement and control of infections,
however, a routine PET-CT and CT chest obtained 1 year later revealed worsening and
extensive pulmonary nodules and innumerable ground glass opacities in a basilar
distribution; enlarged axillary LAD along with FDG-avid hilar and mediastinal LAD; and
hypodense lesions in an enlarged spleen (Fig. 1a—d), suggesting a lymphoproliferative
disease process. In spite of the radiographic deterioration, the patient remained
asymptomatic, but spirometry and diffusion studies indicated moderate obstructive
impairment with moderately reduced diffusion capacity for carbon monoxide (DLCO).

A pulmonary wedge resection via video-assisted thoracoscopic surgery (VATS) was
subsequently performed for definitive diagnosis. Histopathological features consisted of
lymphohistiocytic nodules containing poorly formed non-necrotizing granulomata, follicular
bronchiolitis (FB), and lymphoid interstitial pneumonia (LIP) with diffuse alveolar damage
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(Fig. 2a—c). Immunophenotyping of lymphocytic regions revealed a T cell predominance
(91%) with a 3:1 CD4:CD8 ratio and only 7% polytypic B cells. The combination of
radiographic and histopathologic findings and exclusion of infectious, malignant, and
rheumatologic causes led to the diagnosis of GLILD. Though asymptomatic, given the
extent of his lymphoproliferation with associated cytopenias, the decision was made to treat
with rituximab, which resulted in significant radiographic improvement.

Since his initial diagnosis of GLILD, radiographic relapse of pulmonary nodularity and
diffuse LAD with associated splenomegaly has occurred at regular intervals of
approximately 8—9 months following each course of rituximab. Interestingly, repopulation of
B cells detected peripherally has heralded each reoccurrence (Table 2), suggesting the need
for both T cells and B cells for development of the granulomatous and lymphocytic features
of GLILD. Thus, following his first reoccurrence, 6-mercaptopurine (6-MP) 0.5 mg/kg three
times weekly was added to his therapeutic regimen to specifically target T cells while
rituximab 375 mg/m2/dose was given weekly for 4 weeks at the times of relapse. Frequency
and dose of 6-MP are often adjusted based on cytopenia and concerns for bone marrow
suppression. As our patient continues to remain asymptomatic despite radiographic findings
and given the morbidity and mortality associated with GLILD [2e¢], routine CTchest
imaging is obtained every 3—6 months for monitoring.

Discussion and Literature Review

The overall clinical presentation of our patient is consistent with a diagnosis of 22q11.2DS
with features including congenital cardiac anomaly, speech delay, learning disabilities,
autoimmune cytopenias, and combined immunodeficiency. The diagnosis of GLILD was
unexpected given that this is a complication that has mostly been associated with CVID and
not 22q11.2DS. This case therefore demonstrates the challenges associated with diagnosis
and management of this pulmonary complication and highlights the many questions that
remain to be elucidated. While no diagnostic or treatment guidelines exist for GLILD, the
British Lung Foundation and United Kingdom Primary Immunodeficiency Network
(BLF/UK PIN) recently published consensus statements on the definition, diagnosis, and
management of this clinicopathological entity based on the shared clinical experience of
over 30 consultants, including immunologists, chest physicians, radiologists, and
pathologists, who combined care for over 100 patients with GLILD [11ee]. We will highlight
some of these BLF/UK PIN consensus statements in our concise literature review on
GLILD, with a focus on diagnosis and management as well comparing features of GLILD
with those of sarcoidosis.

Definition of GLILD

Bates, et al. first coined the term granulomatous-lymphocytic interstitial lung disease in
2004 in reference to their subpopulation of CVID patients whose surgical lung biopsies
consisted of both granulomatous and lymphoproliferative histologic patterns [2¢¢] though
reports of features of GLILD in association with immunodeficiency date back to 1973 [12e].
Additionally, certain clinical, laboratory, and radiographic features may suggest a diagnosis
of GLILD even prior to histological analysis (as discussed in more detail below). To this
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effect, the BLF/UK PIN suggest the following consensus definition: “GLILD is a distinct
clinico-radio-pathological ILD occurring in patients with CVID, associated with a
lymphocytic infiltrate and/or granuloma in the lung, and in whom other conditions have
been considered and where possible excluded” [11e¢]. While this consensus definition
focuses on patients with CVID, we suggest its extrapolation to include other
immunodeficiencies in which GLILD is becoming increasing recognized, such as in the case
of our patient with 22q11.2DS.

Diagnosis of GLILD

While the natural history of GLILD is largely still unknown, increased morbidity and
mortality in patients with CVID secondary to non-infectious complications including
GLILD have been reported by several authors [2ee, 13, 14]. In fact, median survival was
reduced by 50% in the presence of GLILD even when compared to those with other types of
ILD in a retrospective chart review of 69 CVID patients [2e¢]. This suggests the need for
early recognition and accurate diagnosis for treatment initiation. The diagnostic clinical,
radiographic, and histopathological features of GLILD are included within the BLF/UK PIN
consensus definition and will be discussed here.

Clinical Features and Predictors of GLILD—Respiratory symptoms are often
nonspecific and do not allow for delineation of underlying causes; though, dyspnea has been
noted to correlate with a diagnosis of GLILD compared to other respiratory symptoms [2e¢].
Likewise, our patient’s presenting symptom was that of exertional dyspnea. Patients with
GLILD, however, may often be asymptomatic [11¢¢] as our patient has been over the last 2
years despite disease relapse radiographically. Similarly, pulmonary function testing may
vary considerably from being normal to displaying a severe restrictive pattern with reduced
diffusion capacity [2ee, 11ee, 15¢]. Thus, a high index of suspicion for GLILD is necessary in
the setting of other clinical and radiographic features.

A vast array of extra-pulmonary manifestations often accompany GLILD, including
autoimmune hemolytic anemia (AIHA), idiopathic thrombocytopenia purpura (ITP),
adenopathy, splenomegaly, hepatitis, inflammatory bowel disease, and polyarthritis [2ee, 15,
16, 17]. Some of these features, such as adenopathy and splenomegaly, histologically mimic
the granulomatous lymphocytic processes occurring in the lungs, suggesting GLILD may be
a pulmonary manifestation of a more multisystem granulomatous lymphocytic inflammatory
disease [11ee]. Mannina and colleagues compared 34 CVID patients with GLILD to 52
CVID patients without GLILD and found the presence of splenomegaly and polyarthritis to
be independent predictors for the development of GLILD [16]. A similar study of 26 CVID
patients also identified splenomegaly in addition to AIHA and ITP as potential risk factors
for the development of GLILD [17]. Additionally, a recent analyses of CVID patients with
autoimmune cytopenias in the United States Immunodeficiency Network (USIDNET)
registry revealed that this manifestation was strongly associated with the presence of
lymphoproliferation and granulomata [18]. While our patient’s comorbidities also included
cytopenias and splenomegaly, it is unclear whether these features would be predictive for
GLILD in non-CVID immunodeficient patients.
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Low IgA levels, high IgM levels, low switched memory B cells, increased CD21!°% B cells,
decreased CD3+ and CD8+ T cells, and skewing of T cells towards a memory phenotype
have all individually been correlated with a diagnosis of GLILD in CVID patients [2ee, 13,
15e, 16, 17]. Small sample sizes and inconsistencies among these studies, however, likely led
to disagreement among consultants of the BLF/UK PIN consensus statements regarding
further immunological testing beyond that necessary to characterize a patient’s immune
deficiency [11e]. On the other hand, this group did agree that genetic mutation analysis
should be pursued following a diagnosis of GLILD. Flow cytometry analysis did reveal
skewing of CD4+ T cells towards a memory phenotype in our patient, but more importantly
highlighted significantly decreased naive T cells consistent with the thymic dysplasia of
22q11.2DS. B cell phenotyping was not performed as this was likely to be of limited
diagnostic or therapeutic utility, given prior treatment with multiple courses of rituximab
would make interpretation of results difficult.

Radiographic Features of GLILD—HRCT of the chest was unanimously considered
essential in the diagnostic workup in CVID patients with signs and symptoms concerning for
GLILD in the BLF/UK PIN consensus statements [11¢e]. Given that individuals may be
asymptomatic with normal lung function testing, it could also be argued that HRCT of the
chest should be routinely and intermittently obtained for screening purposes in CVID
patients and possibly other PID. Evaluation of 30 CT scans from CVID patients with GLILD
revealed three predominant pulmonary features: nodules in a centrilobular or random
distribution, ground glass opacifications often with a lower lobe predominance, and
bronchiectasis [19]. Fine to course reticulation with fibrotic features was also often observed
in a cohort of GLILD patients with restrictive lung disease and/or impaired diffusion
capacity [20]. Additionally, Torigian and colleagues demonstrated that the widespread
nodules seen in GLILD also have a lower lobe predilection and noted the additional feature
of interlobular septal widening of the mid-to-lower lung fields [21].

Unfortunately, the spontaneous waxing and waning of these radiographic features [21]
presents a challenge in and often delays the diagnosis of GLILD. This was demonstrated in
our patient who had spontaneous radiographic improvement of pulmonary nodularity and
LAD over a 3-month time period, which also correlated with symptom resolution. Thus, his
lung biopsy for definitive diagnosis did not occur until about 12 months after initial
symptom onset when repeat CT chest demonstrated increased disease burden. Moreover,
while the radiographic patterns noted above are consistently identified in patients with
GLILD, there is still considerable overlap with disease entities that should be considered in
the differential diagnosis, including infection, ILD from other causes, sarcoidosis, and
lymphoma. This considerable overlap underscores the supposition that no radiographic
findings are considered sufficient for diagnosis of GLILD without histopathology from
tissue biopsy [11ee].

Histopathological Features of GLILD—Lung biopsy via VATS is considered the test of
choice for definitive diagnosis in the workup of GLILD based on the BLF/UK PIN
consensus statements [11ee]. Though granulomatous lymphocytic inflammation may occur
in other organs, the lung is still considered the preferred biopsy site, likely due to the broader
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differential diagnosis of pulmonary disease and limited tissue sampling from other sites.
Indeed, trans-bronchial biopsy of a mediastinal lymph node in our patient revealed only the
granulomatous features of the disease, there-by preventing accurate diagnosis until a
pulmonary wedge resection was performed.

Recently, Rao and colleagues thoroughly detailed the histopathological and
immunohistochemical features of VATS-guided or open lung biopsies obtained from 16
CVID patients with GLILD [22¢]. Nodular peribronchiolar and diffuse interstitial
lymphocytic inflammation was demonstrated in all cases with expansion of the interstitium
occurring in severe cases. These features are consistent with the FB and LIP patterns that
had been ascribed to GLILD a decade prior [2¢¢]. In addition to lymphocytic inflammation,
non-necrotizing granulomata were also present in 15/16 cases examined [22¢]. These were
randomly distributed throughout the lung parenchyma in a basilar distribution, varied from
being well-formed to poorly formed and consisted of epithelioid histiocytes with occasional
multinucleated giant cells. Additional features found in the vast majority of cases (87.5 and
75%, respectively) included organizing pneumonia and interstitial fibrosis. Figure 2
demonstrates some of these same histological patterns in the lung biopsy of our patient.

Immunohistochemical staining identified CD3+CD4+ T cells as the predominant
lymphocyte present within the peribronchial and interstitial inflammation with B cells
representing only a minor component [22¢]. In contrast, CD20+ and PAX5+ B cells
surrounded by a small ring of CD4+ T cells characterized the nodular components of
GLILD. Interestingly, nuclear FoxP3 expression, identifying regulatory T cells, was absent
in the lungs of all patients, a feature that likely contributes to the pathogenesis of GLILD,
which has yet to be elucidated. The histological presence of both T cells and B cells in the
lungs of patients with GLILD has important implications in the management of this
pathologic entity as will be discussed later.

GLILD Versus Sarcoidosis

As mentioned previously, the differential diagnosis of GLILD is quite broad and includes,
but is not limited to, infection, organizing pneumonia, lymphoid interstitial pneumonia,
sarcoidosis, and lymphoma [11ee]. Consideration and evaluation for some or all of these
diagnoses in patients in whom GLILD is being considered is essential for proper diagnosis
and subsequent treatment. As multisystemic involvement of noncaseating granulomas is a
prominent feature in both GLILD and sarcoidosis and given the prevalence of sarcoidosis
worldwide [23], misdiagnosis of GLILD as sarcoidosis is not uncommon [24¢]. GLILD,
however, differs considerably from sarcoidosis epidemiologically, clinically,
radiographically, histologically, and in treatment response [25, 26¢].

To highlight similarities and differences between GLILD and sarcoidosis, Bouvry and
colleagues retrospectively matched 20 cases with GLILD in a 3:1 ratio with 60 controls with
sarcoidosis [26¢]. Though CVID is primarily a disease of Caucasians and the prevalence of
sarcoidosis is greatest in the African-American population [23], no ethnic differences were
noted in this case-control study. Clinically, the presence of recurrent infections, associated
autoimmune diseases such as cytopenias, crackles on lung auscultation, and
hepatosplenomegaly were statistically more prominent in subjects with GLILD. Extra-
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pulmonary manifestations of granulomatous disease manifest more frequently in patients
with GLILD [26¢], affecting the lymph nodes, spleen, and liver most often [2ee, 15¢, 16, 17].
In contrast, cutaneous granulomas and uveitis represent the more common extra-pulmonary
manifestations of sarcoidosis [27]. Notably, pulmonary function testing, peripheral
Iymphocyte counts, and serum angiotensin converting enzyme levels did not differ between
the two groups [26¢]. Immunoglobulin levels may be used to distinguish the two disease
entities as hypogammaglobinemia is a cardinal feature of patients with GLILD associated
with CVID while polyclonal hypergammaglobulinemia is frequently seen in sarcoidosis.

Radiographically, pulmonary nodules in a random distribution with a lower lobe
predominance and surrounded by a ground glass opacity to create a “halo” sign predominate
in GLILD [26¢], as demonstrated in our patient in Fig. 1. In contrast, micronodules in a
perilymphatic distribution with an upper lobe predominance are characteristic features of
sarcoidosis. Additionally, bronchiectasis is a feature more frequently identified in patients
with GLILD. Histologically, LIP and FB are characteristic of GLILD but rarely seen in
sarcoidosis and should, therefore, increase the index of suspicion for GLILD when
discovered in combination with non-caseating granulomas, which are often indistinguishable
between the two disease entities. Finally, overall survival in those with GLILD is
significantly reduced compared to those with sarcoidosis [26¢], likely due to a combination
of factors including the natural history of the disease, existing comorbidities, and treatment
response. While GLILD results in increased morbidity and mortality and is often resistant to
corticosteroid therapy [2¢¢], up to a half of patients with pulmonary sarcoidosis experience
spontaneous remission while the vast majority of the remainder respond favorably to
corticosteroids [28, 29]. Therefore, accurate diagnosis of granulomatous pulmonary disease
has important therapeutic and prognostic implications.

Management of GLILD

The underlying pathogenesis of GLILD is incompletely understood, rendering it difficult to
select effective therapeutic agents to target disease processes. Proposed mechanisms of
pathogenesis over decades include autoreactive T cells or chronic antigenic stimulation of T
cells [30, 31] in combination with low switched memory B cells [32], abnormal cytokine
profiles [33], and a dysregulated response to human herpes virus-8 [34]. The histological
identification of both T cells and B cells in the lungs of patients with GLILD [15¢, 22¢] and
the radiographic relapse noted in our patient following repopulation of B cells, suggest that
both lymphocyte populations act in concert in the formation of a dysregulated cytokine
environment that supports lymphoproliferation. The lack of regulatory T cells identified
histologically [22¢] may further contribute to the unchecked proliferation of these abnormal
lymphocytes. Enhanced understanding of the mechanisms underlying the development of
GLILD represents a key area of study needed to improve the care of patients with this
pulmonary complication.

Optimization of immunoglobulin replacement and first-line treatment with corticosteroids
are agreed-upon therapeutic strategies among the BLF/UK PIN consensus statements [11ee].
While immunoglobulin replacement may be effective for some patients [35], progression of
disease is frequently seen, as in our patient. Moreover, effectiveness of corticosteroids is
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variable [2ee, 15¢, 36], often necessitating treatment with additional therapeutic agents.
Though no guidelines exist on which drugs should be selected following treatment failure
with corticosteroids, the BLF/UK PIN consensus statement consultants agree with
azathioprine, rituximab, and mycophenolate as reasonable second-line agents [11e¢]. No
prospective randomized clinical trials assessing therapies in GLILD have been performed.
Chase and colleagues performed a retrospective chart review of 7 patients with steroid-
resistant GLILD who were subsequently treated with a combination of rituximab and
azathioprine (or 6-MP in those unable to tolerate azathioprine) for 18 months to target both
histologically-identified B and T cell populations, respectively. Significant reductions in
radiographic features and improvements in lung function were noted following therapy
[15¢]. Despite the treatment of our patient with rituximab and 6-MP, he continues to
demonstrate a relapsing and remitting course, which may be a feature of the natural history
of the disease. Individual case reports and small case series with the use of additional agents,
such as cyclosporine, anti-TNF inhibitors, and abatacept, have yielded favorable results [37—
40], suggesting that treatment should be individualized in the context of comorbidities and
underlying genetic mutations if known.

In addition to a lack of standardized therapies, little agreement exists on the length of
therapy or even in which patients to initiate therapy. Though he was asymptomatic, we opted
to treat our patient given his young age, extent of lymphoproliferation identified on PET-CT,
impaired DLCO, and the increased morbidity and mortality associated with GLILD. The
BLF/UK PIN consensus statements note agreement on treatment of patients with
deteriorating lung function regardless of the presence or absence of symptoms but no
agreement on treatment in patients with abnormal but stable lung function [11e¢]. This
suggests a wide array of treatment practices and highlights the need for development of
evidence-based guidelines. While gas transfer was the preferred test for monitoring
treatment response and disease progression in the BLF/UK PIN consensus statements [11ee],
a recent case report suggests the use of PET-CT to combine functional information regarding
metabolically active disease with anatomical imaging to more accurately access disease
burden [41¢].

Conclusion

While historically identified as a non-infectious complication of CVID, GLILD is now
increasingly being reported in other PID, including Kabuki syndrome [3], LRBA mutations
[4], X-linked inhibitor of apoptosis [5], CTLA4 mutations [6], Good’s syndrome [ 7], RAG
mutations [8 ], hypogammaglobulinemia of unclear etiology in infancy [9], and 22q11.2DS
[10e]. Moreover, GLILD may even be the first manifestation of an underlying PID [42¢]. To
our knowledge, this is only the second reported case of GLILD in a 22q11.2DS patient.
Though the natural history of GLILD is unknown, the associated comorbidities and poor
outcomes highlight the need for early recognition and treatment. Thus, clinicians should
maintain a high index of suspicion for GLILD as a rare phenotype of not only CVID but all
PID as this has important therapeutic and prognostic implications.

Strides have been made in recent years to characterize the clinical, radiographic, and
histological features of GLILD, which allow for its differentiation from other disease
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entities, such as sarcoidosis. Nonetheless, important gaps of knowledge remain. Robust and
consistent clinical predictors of disease development and effective treatment strategies have
yet to be prospectively identified. Additionally, it is unclear whether those identified in
CVID patients will extrapolate to patients with other immunodeficiencies. Elucidation of the
pathogenesis of GLILD will likely not only uncover predictive factors but will also help
guide optimal therapeutic regimens while clarity of the natural history of the disease will
further refine treatment and monitoring protocols. Though several drugs, including
combination chemotherapy with rituximab and azathioprine, have yielded favorable results,
whether this alters the morbidity and mortality associated with the disease is uncertain.

Though the BLF/UK PIN consensus statements on the definition, diagnosis, and
management of GLILD in CVID patients are not evidence-based, they do represent the first
step towards the development of essential practice guidelines. The need for additional
research is highlighted by the practice variabilities reported. Though the rarity of this
complication in the immunodeficient population, which itself represents a small constituent
of the overall population, provides an impedance to further study, active involvement of
multidisciplinary subspecialists caring for immunodeficiency patients in patient registries,
such as the USIDNET, provides one way to overcome this hurdle. Thus, concerted efforts to
gather and report data, including those that have resulted in unsatisfactory outcomes, will
further aid in the understanding of this challenging disease for both clinicians and patients.

Abbreviations

22911.2DS 22q11.2 deletion syndrome

GLILD Granulomatous-lymphocytic interstitial lung disease
ILD Interstitial lung disease

CVID Common variable immune deficiency

PID Primary immune deficiency

FISH Fluorescence in situ hybridization

IVIG Intravenous immunoglobulin

LAD Lymphadenopathy

PET-CT Positron emission tomography computed tomography
HRCT High-resolution CT

VATS Video-assisted thoracoscopic surgery

DLCO Diffusion capacity for carbon monoxide

FB Follicular bronchiolitis

LIP Lymphoid interstitial pneumonia

6-MP 6-Mercaptopurine
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BLF/UK PIN British Lung Foundation and United Kingdom Primary
Immunodeficiency Network
AlHA Autoimmune hemolytic anemia
ITP Idiopathic thrombocytopenia purpura
USIDNET United States Immunodeficiency Network
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Fig. 1.
Radiographic features of GLILD. a—C The nonspecific nodular consolidations with

surrounding ground glass opacity in the upper lobes (a), mid-lobes (b), and lower lobes (C)
with an overall lower lobe predominance. The pulmonary nodules are FDG-avid as
demonstrated in the PET scan image (d)
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Fig. 2.

Histopathology from VATS pulmonary wedge resection. a—C Aggregates of lymphoid
follicles and lymphocytic expansion of the interstitium (a), follicular bronchiolitis (b), and a
loose non-necrotizing granuloma (C), features consistent with a diagnosis of GLILD
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Results of immunological workup

Table 1

Results (reference value)

IgG (mg/dL)

IgM (mg/dL)

IgA (mg/dL)

Diphtheria IgG titer (IU/mL)

Tetanus IgG titer (IU/mL)

Pneumococcal titers for PCV13 serotypes
Absolute lymphocyte count (cells/mcL)
Absolute CD3 count (cells/mcL)

Absolute CD4 count (cells/mcL)

Absolute CD8 count (cells/mcL)

Absolute CD19 count (cells/mcL)

Absolute CD16/56 count (cells/mcL)
Absolute CD4+CD45+RA+ count (cells/mcL)
Absolute CD8+CD45+RA+ count (cells/mcL)
CD3% proliferation to PHA

CD3% proliferation to PWM

CD3% proliferation to CA

CD3% proliferation to TT

509 (600-1700)
242 (35-290)

< 8 (40-400)

0.11 (20.15)

0.48 (20.15)

2/12 protective serotypes (> 70% protective)
1000 (1500-5000)
813 (915-3400)
443 (510-2320)
371 (180-1520)
132 (105-920)
251 (15-1080)

13 (135-893)

173 (83-653)
16% (> 58.5%)
5.0% (> 3.5%)
0.0% (> 3.0%)
2.3% (> 3.3%)
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Table 2

Lymphocyte percentages in correlation with each occurrence of GLILD

Relapse #1 (7= 0) CD3+Tecell % CDI19+ B cell %
T= -1 month 86 <1
T=0 73 5
Relapse #2 (7= 9 months) CD3% CD19%
T=7 months 80 1
T=9 months 73 6
Relapse #3 (7= 17 months) CD3% CD19%
T= 16 months 83 <1
T'= 17 months 72 3
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