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INTRODUCTION

CVID is the most prevalent symptomatic primary immunodeficiency,! and is characterized
by predisposition to sinopulmonary infections as well as susceptibility to non-infectious
complications such as autoimmunity and malignancy.? Chronic lung disease is among the
most common complications of CVID, affecting 29 - 58% of patients, depending on the
study population.3-> Ten years ago it was established by Routes and colleagues that
interstitial lung disease (ILD) significantly worsens survival in CVID.8 However,
established CVID lung disease has proven difficult to treat and is not reversed by
conventional immunoglobulin (Ig) replacement therapy in most patients,’ though it may
improve pulmonary function testing.82

Radiologic evaluation of lungs in CVID demonstrates a variety of chronic pulmonary
findings, including air trapping, bronchial wall thickening, bronchiectasis, emphysema,
ground glass opacities, parenchymal consolidation, pulmonary nodules, and/or scarring/
fibrosis.”10-12 |ung pathology may reveal ILD with manifestations of pulmonary lymphoid
hyperplasia (PLH), which includes follicular bronchiolitis, lymphocytic interstitial
pneumonitis (LIP), and nodular lymphoid hyperplasia.®13-15 Additionally, granulomatous
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lung disease is found in many cases'6-18 and organizing pneumonia (OP) in some.19-21
Granulomatous-lymphocytic interstitial lung disease (GLILD) has been used as an
encompassing term for this combination of pathologic findings in CVID.8

The pathogenesis of lung disease in CVID is not well understood. Although as many as 50%
of CVID patients reportedly develop bronchiectasis, not all of whom have or progress to
ILD.11 Development of lung disease in CVID patients has previously been associated with a
low CD4+:CD8+ T cell ratio in bronchoalveolar lavage2? as well as reductions in peripheral
CD8+ T cells® and fewer numbers of IgM-IgD-CD27+ isotype-switched as well as IgM
+CD27+ memory B cells,23:24 in some, but not all studies.2® Epstein-Barr Virus may be
associated with PLH,25 including subjects with HIV,27 however EBV has not been found in
lung biopsies from CVID patients with PLH.12 Similarly, human herpesvirus-8 was
associated with GLILD in one study,2® though this has not yet been confirmed. Non-
infectious pathogenic mechanisms for the development of CVID lung disease have also been
proposed, including aberrant B cell lymphoproliferation?® and T cell-driven
autoimmunity.14 Through retrospective chart review, we found bronchiectasis to be
associated with history of pneumonia and reduced CD4+ T cells in CVID. In contrast,
patients with CT evidence of ILD shared clinical and radiologic characteristics that differed
from those with bronchiectasis alone or no CT chest findings. Additionally, the presence of
numerous pulmonary nodules was linked to autoimmunity, elevation of IgM, and increased
CDA4+:CD8+ T cell ratio, while progression to ground glass opacity was associated with
elevated peripheral monocytes and increased prevalence of liver disease.

Study Design

This study was conducted through retrospective review of the electronic medical record
from Mount Sinai Hospital in New York. Electronic medical records and supplemental
material are available for patient encounters from January 2003 until present. Patients with
the ICD-9 code for CVID (279.06) who had either a CT scan of the chest or tissue biopsy
pathology report in the medical record were selected. One hundred and twenty-six patients
were identified using these initial search parameters. These records were then screened to
confirm that the diagnostic criteria of CVID were met based upon markedly low IgG and
IgA and/or IgM (IgG < 400 mg/dL, IgA< 45 mg/dL, IgM < 35 mg/dL), poor response to
vaccines, and exclusion of other causes of hypogammaglobulinemia.3? The study required:
(1) one or more radiology reports of CT chest and (2) availability of peripheral blood
leukocyte counts and quantitative immunoglobulin levels. Patients with known
hematological malignancy were excluded. Out of the 126 patients identified in the initial
screen, 41 were excluded because the diagnostic guidelines for CVID could not be
confirmed and/or the patient had a hematological malignancy. Out of the remaining 85
patients, 21 were excluded due to absence of CT chest and 3 were excluded because
laboratory results were not available. The remaining 61 CVID patients were included in the
analysis. This study was approved by the Institutional Review Board of the Icahn School of
Medicine at Mount Sinai.
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Data Collection

Radiology reports from all CT chest scans were reviewed, and the presence of
bronchiectasis, emphysematous changes, ground glass opacities, hilar adenopathy, and the
number of pulmonary nodules, if any, were recorded. If the radiology report used a term
such as “extensive” or “numerous” to signify a number of nodules that was too high to
count, the patient was included in the = 5 nodule category. Nodules 1 mm or larger were
counted. Patient age and sex as well as history of pneumonia, autoimmune hemolytic anemia
(AIHA) or immune thrombocytopenic purpura (ITP), splenomegaly or splenectomy, liver
disease (defined as the presence of both alkaline phosphatase > 110 U/L and abdominal
imaging demonstrating parenchymal disease), and enteropathy (based on suggestive clinical
history with presence of colitis, enteritis, intraepithelial lymphocytosis, and/or villous
blunting found on endoscopic biopsy) were derived from the medical record. The numbers
of subjects with obstructive (7%), restrictive (53%), and normal (40%) spirometry results
are similar to studies of CVID previously published.1”-24 The most consistent pulmonary
function test result in our cohort of CVID lung disease patients was impaired DLCO (80%),
in agreement with other reports.1317.31 DLCO in our cohort ranged from 28 to 117%.

Means of up to 5 of the most recent laboratory values in the medical record were used to
quantify neutrophils, monocytes, eosinophils, and serum IgG, IgA, and IgM. Treatment IgG
level was determined as the average of 1gG values after 2 or more years of immunoglobulin
replacement therapy. Flow cytometry of at least 1 sample, and as many as 3 averaged
together, was used to quantify CD19+ total B cells, CD3+ total T cells, CD3+CD4+ helper T
cells, and CD3+CD8+ cytotoxic T cells as well as the percentage of total B cells of IgM-
IgD- isotype-switched and IgM+CD27+ memory B cells.

Statistical Analysis

Associations between pathologic or radiologic findings and categorical clinical parameters
were assessed using Fisher's exact tests. Differences in continuous laboratory values
between groups were assessed using one-way ANOVA tests. If an ANOVA F-test yielded a
p value of less than 0.05, differences between patients with a specific radiologic finding and
those in other groups were assessed using Dunnett's test which adjusts for multiple
comparisons. Non-normally distributed laboratory values (diagnostic 1gG, 1gA, IgM,
neutrophils, monocytes, NK cells, CD8* T cells, total B cells, CD27*IgM* B cells, and
isotype-switched memory B cells) were rank-transformed prior to analysis.

Negative predictive value (NPV), positive predictive value (PPV), odds ratio (OR),
sensitivity, and specificity were calculated to examine the predictive utility of specific
clinical and laboratory parameters within our patient cohort. For these statistical analyses,
laboratory cut-offs were established at 700 CD4+ T cells/ L, midpoint of the normal
distribution of values within our cohort, and 500 monocytes/ L, which was rounded from the
median value in our cohort of 460.
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Radiologic studies

Clinical and

Of the 61 CVID patients in this study, 34 were female and 27 were male. The age range of
subjects was 14 — 89 years, with a median age of 47. Baseline IgG, averaged IgA, IgM, and
post treatment IgG values, as well as medical complications are listed in Table 1. Ten of
these subjects did not have CT abnormalities. For the 51 subjects with radiologic findings,
34 (67%) had = 5 pulmonary nodules, 22 (43%) had bronchiectasis, and 18 (37%) had
ground glass opacity (Figure 1A). For illustration, examples of chest findings are: a 32 year-
old female with a history of pneumonia with severe left lobe bronchiectasis and bronchial
wall thickening (Figure 1B), a 29 year-old male with extensive ground glass appearance
throughout the lungs (Figure 1C), and a 52 year-old female with splenomegaly, bilateral
pulmonary nodules, bronchiectasis, and atypical lymphoid hyperplasia on lung biopsy
(Figure 1D). A final subject shown here is a 63 year-old female with hepatosplenomegaly
and colitis with nodular densities throughout the lungs in a somewhat peripheral pattern and
ground glass changes; a biopsy demonstrated bronchiolocentric interstitial pneumonia with
fibrosis, lymphoid hyperplasia, organizing pneumonia (OP), and occasional poorly formed
granulomas (Figure 1E).

radiologic observations

Patients with ground glass opacity or = 5 pulmonary nodules were younger than those with
bronchiectasis but no ILD (median ages 33 and 35 versus 67 years) (Table 2). The
radiologic finding of bronchiectasis was not commonly observed in patients with ILD on CT
scans, as only a minority of patients with either ground glass opacity (33%) or = 5
pulmonary nodules (35%) also had bronchiectasis. However, pulmonary nodules were
commonly observed with ground glass opacity, as nearly 90% of CVID patients with ground
glass also had one or more pulmonary nodules, suggesting that these radiologic features are
common aspects of 1LD.3233 Given the significant radiologic overlap among those with
ground glass opacity and pulmonary nodules, these 39 patients were grouped together as
“ILD” for statistical analysis. CVID ILD patients were then compared with the 22 “non-
ILD” subjects, consisting of the 10 patients with no CT findings, 9 patients with
bronchiectasis only, and 3 subjects with 1 to 4 pulmonary nodules but no other chest
abnormalities. CVID ILD was significantly associated with splenectomy/splenomegaly (p <
0.0001), history of AIHA/ITP (p < 0.0001), and liver disease (p < 0.05). There was no
significant difference in patients with and without ILD for history of pneumonia or
enteropathy. Only subjects with ILD had liver disease, and those with ground glass opacity
had the highest percentage of liver abnormalities (28%).

Correlation of clinical and laboratory data with radiologic findings

CVID patients with bronchiectasis had significantly fewer CD4+ T cells than CVID subjects
with other CT findings (p < 0.01), and fewer total CD3+ T cells as well as CD4+ T cells
compared to those with no CT findings (p < 0.05) (Figure 2). CD4+ T cell count < 700 cells/
L had a sensitivity and NPV of about 80% for bronchiectasis, though only a moderate
specificity (55%) (Table 3). Adding an age cut off of = 50 years increased specificity to
90%, with a PPV of 79%. The odds of having bronchiectasis was 9 times greater for patients
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= 50 years of age with CD4+ T cells < 700/ L, and 4.5 times greater for those with a history
of pneumonia and CD4+ T cells < 700/ L.

Subjects with = 5 pulmonary nodules had fewer CD8+ T cells (p < 0.05), but similar
numbers of CD4+ T cells and total CD3+ T cells to that of CVID patients without CT
findings (Figure 3). Three parameters differentiated CVID patients with = 5 pulmonary
nodules quite effectively: (1) CD4*:CD8* T cell ratio > 2, (2) history of AIHA or ITP, and
(3) serum IgM > 18 mg/dL (Table 3). If none of these parameters were met, a patient was
not likely to have nodular lung disease, with a NPV of 80%. Meeting two of these
parameters increased specificity and PPV both over 90%, and the odds for developing
nodular lung disease was increased twentyfold. Subjects meeting three of these parameters
all had = 5 pulmonary nodules.

Patients with ground glass opacity were differentiated by both a statistically significant
elevation in monocytes and reduction in CD19+IgM-1gD-CD27+ isotype-switched memory
B cells (Figure 4). Lower monocyte count was useful for excluding the likelihood of ground
glass opacity, as monocytes < 500 cells/ L had a NPV of 85% (Table 3). Adding the
parameter of < 0.5% CD19+IgM-1gD-CD27+ isotype-switched memory B cells to this
monocyte count increased specificity for ground glass opacity to over 90% and the odds of
this CT finding sevenfold.

There were no significant differences in serum Ig (diagnostic IgG, therapeutic 1gG, IgA, or
IgM) between patients with and without bronchiectasis, = 5 pulmonary nodules, ground
glass opacity, or no CT findings. However, we did note that the highest serum IgM values
occurred in patients with = 5 pulmonary nodules. There were no significant differences in
total B cells, IgM+CD27+ B cells, NK cells, eosinophils, or neutrophils.

Lung pathology

Twelve patients had lung biopsies, all with =5 pulmonary nodules on CT scan (Table 4). All
the patients underwent lung biopsy as a result of chest consolidation on CT in the setting of
lymphadenopathy, to rule-out infection and lymphoma as well as characterize ILD, if
present. Eleven of the 12 biopsies demonstrated PLH,34 and 3 had granulomas. LIP and OP
may lead to ground glass opacity on CT,33:35:36 and we found this to be the case in 4 of 6
patients. Moreover, the finding of LIP and/or OP was statistically associated with a
peripheral monocyte count = 500 cells/uL (p = 0.015).

DISCUSSION

We analyzed a group of 61 CVID patients who had a chest CT scan to seek clinical and/or
laboratory correlations with specific radiologic findings. As CT scan of the chest was not
routinely obtained on all CVID patients, it is possible that there is a bias towards more
severe disease in this study as many subjects had imaging done for clinical symptoms. Many
patients are referred to our institution because of abnormal CT chest scans in the setting of
CVID, further contributing to the high prevalence of ILD in our cohort. Indeed, the most
frequent radiologic finding in this study, pulmonary nodules, is the most common radiologic
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presentation of ILD in CVID.6:37:38 |t is the high prevalence of ILD, however, that allows
this study to uniquely classify divergent radiologic manifestations of CVID lung disease.

Those with bronchiectasis only, likely to be the most common radiologic abnormality in
CVID patients overall,37 had the highest prevalence of pneumonia, oldest median age, and
lowest percentage of medical complications other than enteropathy. Brochiectasis has
previously been associated with history of pneumonia in CVID.38 The high sensitivity of a
CDA4+ T cell count < 700 cells/uL in our cohort strongly suggests that lower CD4+ T cell
counts heighten susceptibility to bronchiectasis in CVID. Advancing age and history of
pneumonia may compound the susceptibility imparted by a low CD4+ T cell count, as
evidenced by the high PPV when these additional parameters are included. Precursor
findings to bronchiectasis can be identified on a CT scan of the chest, as bronchial wall
thickening with dilation may progress to bronchiectasis.1® Thus, low CD4+ T cell count
and/or a history of chronic bronchitis or pneumonia in a patient with CVID may suggest the
need for interval CT scans of the chest even in the absence of active respiratory symptoms.
The European Society for Immunodeficiencies registry recently identified an association
between low IgM levels and bronchiectasis in CVID,39 supporting previous reports of a
protective role of IgM in the lung.2349 Our study may not have been adequately powered to
detect a decreased IgM in bronchiectasis subjects. Further studies are needed to examine the
possibility for prevention and treatment of bronchiectasis in CVID, though usage of
prophylactic antibiotics*! and increased Ig replacement dosage®? may be efficacious.

We found ILD to be associated with younger age and liver disease, as well as AIHA and
ITP, lymphoid hyperplasia, splenomegaly or splenectomy as previously reported.10:43:44
There was no apparent association of ILD with history of pneumonia or enteropathy.
Elevated CD4+:CD8+ T cell ratio, serum IgM, and history of AIHA and ITP were strongly
associated with extensive pulmonary nodules, which we found to almost exclusively
represent PLH as in prior reports.13 Emergence of PLH can be indicative of more systemic
lymphoid hyperplasia, as these CVID patients also had higher prevalence of hilar
adenopathy and splenomegaly or splenectomy. Despite antibody deficiency, PLH in CVID
is characterized by actively proliferating ectopic lung follicles,13 which may promote
expansion of CD4+ T cells (relative to CD8+ T cells) and possibly the IgM elevation noted
in this study. Indeed, CVID patients with lymphoproliferative complications have an
increase in activated CD4+ T cells,*> and higher serum IgM has been shown to be a
predictor of polyclonal lymphocytic infiltration in CVID.3 Additionally, the heightened
prevalence of AIHA or ITP may also be correlated with lymphoid hyperplasia, as benign
proliferation in the spleen or in gastric-associated lymphoid tissue*’ may be associated
with ITP. Clearly, the propensity for many CVID patients to develop benign lymphoid
proliferations deserves further study.*8

Subjects with ground glass opacity could be differentiated by a significantly elevated
peripheral blood monocyte count and the highest percentage of concurrent liver disease. Of
note, subjects in our study with biopsy-proven LIP and/or OP were significantly more likely
to have monocytes = 500 cells/pL, in addition to having ground glass opacity on CT scan.
Thus, elevated monocytes may be indicative of an evolution of ILD that manifests as ground
glass opacity on CT and LIP or OP on biopsy. Of the 61 subjects, a lung biopsy had been
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performed in 12, thus precluding further comments on associations of pathology with the
laboratory parameters noted here. It remains to be seen whether similar inflammatory
progression underlies granulomatous disease that can occur in the lungs, as well as liver,
lymph nodes, skin, or spleen, of CVID patients.1749

Our data suggest parameters that are associated with selected radiologic findings in CVID
which may provide insight into the determinants of chronic pulmonary complications in this
disease. While bronchiectasis appears to develop over time as a result of heightened
susceptibility to infection, ILD generally occurred in younger CVID patients with
concurrent autoimmunity and lymphoid hyperplasia. Furthermore, a subset of ILD patients
may progress to a heightened inflammatory state characterized by increased peripheral
monocytes, liver involvement, LIP or OP on lung biopsy, and ground glass opacity on CT
chest scan. The results of this study suggest that divergent immunological processes underlie
the distinct clinical manifestations of bronchiectasis and ILD in CVID.
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AIHA autoimmune hemolytic anemia
CT computed tomography
CVID common variable immunodeficiency
DLCO diffusing capacity of the lung for carbon monoxide
GLILD granulomatous-lymphocytic interstitial lung disease

immunoglobulin

ILD interstitial lung disease

ITP immune thrombocytopenic purpura

LIP lymphocytic interstitial pneumonitis

NPV negative predictive value

OoP organizing pneumonia

OR odds ratio

PLH pulmonary lymphoid hyperplasia

PPV positive predictive value
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Figure 1.
Chest CT in CVID. (A) Overall findings. (B) Left lobe bronchiectasis and bronchial wall

thickening. (C) Diffuse ground glass. (D) Bilateral nodules and bronchiectasis. (E) Nodules
with ground glass.
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Figure 2.

Laboratory associations with bronchiectasis. (A) Peripheral blood leukocytes. (B)
Quantitative serum immunoglobulins. (C) CD27+ B cell percentage. * = p value < 0.05, **
= pvalue <0.01
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Laboratory associations with ground glass. (A) Peripheral blood leukocytes. (B)
Quantitative serum immunoglobulins. (C) CD27+ B cell percentage. * = p value < 0.05, **
=pvalue <0.01
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Table 1

Patient Characteristics

Patient Characteristics n=61

Age range (median) 14 -89 (47)

Female (%) 34 (56)

Medical Complications Number of subjects (%)

History of Pneumonia 33 (54)

Splenomegaly/Splenectomy 27 (44)

AIHA/NTP 23 (38)

Liver Disease 8 (13)

Enteropathy 6 (10)

Laboratory Characteristics Range (median) Normal Reference Range

Diagnostic 1gG (mg/dL) 8 —400 (169) 600 - 1600

Therapeutic 1gG (mg/dL) 307.4 - 1312 (806.3) 600 — 1600

IgA (mg/dL) 2-783(5) 70 — 400

IgM (mg/dL) 0-243 (12.9) 40 - 230
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Table 2

Associations of Clinical and Radiological Characteristics

Page 16

Ground Glass Opacity?

> 5 Pulmonary Nodules2

Bronchiectasis Only

No Lung DiseaseP

Number of Subjects
Female (%)
Median Age (% > 50 years)
Subjects (%) with:
Ground Glass
21 Nodule
Bronchiectasis
Hilar Adenopathy
History of Pneumonia
Splenomegaly/Splenectomy
AIHA/ITP
Liver Disease

Enteropathy

Number of Subjects
Subjects (%) with:
History of Pneumonia
Splenomegaly/Splenectomy
AIHA/ITP
Liver Disease

Enteropathy

18
20 (56)
44 (33)

18(100)
16 (89)
6(33)
11 (61)
8 (44)
10 (56)
9 (50)
5(28)
2(11)
ILD
39

22 (56)
24 (63)
22 (56)
8 (21)
4 (10)

34
20 (59)
45 (35)

13 (38)
34 (100)
12 (35)
24 (71)
21 (62)
24 (71)
21 (62)
6 (18)
3(9)

9
5 (56)
60 (67)

0(0)

4 (44)
9 (100)
3(33)
7(78)
1(11)
0 (0)
0(0)
1(11)
No ILD
22

14 (64)
2(9)
1(5
0(0)
2(9)

13
7 (54)
43 (39)

0(0)
3(23)
0(0)
0(0)
7 (54)
1(8)
1(8)
0(0)
1(8)

p value
0.78
<0.0001
<0.0001
0.042
1.00

AIHA = autoimmune hemolytic anemia ILD = interstitial lung disease ITP = immune thrombocytopenic purpura

apatients included in both groups if both ground glass opacity and > 5 pulmonary nodules were present

bincludes patients with no CT findings and those with 1-4 pulmonary nodules but no bronchiectasis or ground glass opacity
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