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ABSTRACT

A case of repeated and late pulmonary infections in a patient with Wegener granulomatosis
who had been in remission with cyclophosphamide therapy is discussed. The patient developed
panhypogammaglobulinaemia possibly induced by cyclophosphamide for which immunoglobulin
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replacement was effective in preventing recurrent infections and permanent lung damage.
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Abbreviations:

ANCA: anti-neutrophil cytoplasmic antibody
PR3: Proteinase 3

WG: Wegener Granulomatosis

BVAS: Birmingham Vasculitis Activity Score
CD: Cluster of Differentiation

HiB: Hemophilus influenzae B

CVID: common variable immunodeficiency

GL-ILD: granulomatous-lymphocytic interstitial
lung disease

IVIG: intravenous immunoglobulin
IgG: Immunoglobulin G

INTRODUCTION

Immunosuppressive  strategies to  manage
antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis have been very successful
and most patients achieve long-term remission.
However, immunosuppression is not without
side effects and complications such as antibody
deficiency may only become evident at a later stage
highlighting the need to continuously monitor
such patients on long-term immunosuppressive
medication. This case study and literature review
discusses the importance of drug-induced antibody
deficiency that can significantly compromise
organ function especially due to repeated bacterial
infections.
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CLINICAL HISTORY AND INVESTIGATIONS

A 69-year-old woman initially presented to her
general practitioner with a six-month history of
polyarthritis and morning stiffness lasting about
2 hours. A diagnosis of rheumatoid arthritis was
made and was commenced on hydroxychloroquine
(200mg once daily doubled in six weeks). Six
months later, she complained of mild hearing loss
but no sinus pain or ear discharge.

After of being on
hydroxychloroquine, she presented to the
Emergency Department with acute-onset visual
loss in her left eye (was seeing zig-zag lines for a
few days prior to this episode). She complained

almost 18 months

of tiredness and fatigue for the last 2 months
with significant loss in hearing in both ears. She
also complained of her left leg feeling numb
intermittently from below the knee for the last
2 weeks. Ophthalmic examination revealed a
visual deficit in the left superior field and relative
afferent papillary defect in the left eye. Chest
examination revealed equal air entry and normal
vesicular breath sounds. Neurological examination
showed sensory neuropathy in the left peroneal
nerve distribution. Tone and power of all muscles
were normal. Urine dipstick showed blood 3+,
protein 3+ (microhaematuria and proteinuria).
Investigations are listed in Table 1.
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MANAGEMENT AND PROGRESS:

Due to high suspicion of vasculitis, a renal biopsy
was done that showed segmental foci of necrosis
within glomerular tufts with early sclerosis. A patchy
(but focally marked) interstitial inflammatory
cell infiltrate comprising of an admixture of
lymphocytes, histiocytes, variable scattering of
eosinophil polymorphs was seen. There was no
evidence of granulomata. Focal tubular atrophy
was evident with a variety of tubular casts including
occasional red cell casts. Two glomeruli examined
by direct immunofluorescence showed negative
staining for immunoglobulins and complement
components. The overall appearances were
suggestive of a pauci-immune form of necrotizing/
crescentic glomerulonephritis.

Based on the clinical presentation, positive
serology for c-ANCA with elevated anti-PR3
antibodies (Table 1) including necrotizing/
crescentic glomerulonephritis on renal biopsy, a
diagnosis of systemic Wegener’s granulomatosis
(WG) was made. Birmingham Vasculitis Activity
Score (BVAS)/WG 2002 score at admission was
33/63.

She was treated with intravenous pulsed
cyclophosphamide 500mg weekly to induce
remission. She made a remarkable improvement
after 2 doses and was booked for a follow-up clinic
in 2 weeks on a tapering dose of prednisolone
60mg daily, co-trimoxazole 480mg twice daily,
fluconazole 50mg daily and perindopril 2mg daily.
She received a total cyclophosphamide dose of 2g
(six pulsed cyclophosphamide doses).

At 3-monthly review, BVAS score was 11/33 and
her symptoms of peripheral neuropathy persisted
that was confirmed as mononeuritis multiplex with
asymmetric distribution, secondary to ANCA-
associated vasculitis. Dual X-Ray absorptiometry
scan showed osteopenia of the spine for which
alendronate 70mg once weekly was started.
Prednisolone dose was lowered by 5mg every
2 weeks and azathioprine 75mg once daily was
started. A couple of months later, she presented to
the Emergency Department with an inspiratory
stridor and CT larynx showed subglottic
stenosis, a significant complication of Wegener’s
granulomatosis. Laser microlaryngoscopy with
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excision was done that had to be repeated a year
later.

In that year, she required frequent follow-up
visits to her General Practitioner for cough
with productive sputum and required hospital
admission for 3 weeks. Four months later, she
required another hospital admission for a left
lower lobe consolidation. These two episodes of
chest infections required prolonged courses of
antibiotics and sputum cultures were repeatedly
positive for Hemophilus influenzae.

Diagnosis of hypogammaglobulinaemia

Finally, three years after the diagnosis of WG, the
treating Chest Physician sent immunoglobulin
levels that showed panhypogammaglobulinaemia,
IgG 1.8 g/L, IgA 0.24 g/L and IgM 0.17 g/L
(Table 1). On clinic review, her symptoms of WG
were much better on Prednisolone 15mg and
azathioprine 75mg once daily. However, she had
two further chest infections in the next 3 months
and complained of a constant soreness of her throat.
Lymphocyte subsets and functional antibody tests
were arranged at this stage (shown in Table 1).

LABORATORY EVALUATION

Flow cytometry analysis was done to
determine the absolute numbers of B cells and
provide a better definition of the underlying
hypogammaglobulinaemia.

A whole blood, lyse and no wash method was
used. The left hand panel shows the lymphocyte
gate CD45 vs side scatter, and the right hand panel
shows the rectangular gating around CD19 (B cell)
population. As depicted in the Figure 1, peripheral
blood B cell percentage was significantly reduced at
0.5% and absolute count of 0.004 x 109/L (normal
range, 0.1-0.6).

Functional antibody levels showed no protection
against Hemophilus influenzae b; Hemophilus IgG
level was 0.010 mg/L (minimum protective level
0.15mg/L and optimal protection >1.0mg/L) and
low levels against pneumococcus, (pneumococcal
IgG level was 17.4 mg/L (enzyme immunoassay
kit that measures antibody responses to 23
polysaccharides isolated from Streptococcus
Pneumoniae, median levels in 100 normal adult
blood donors >30 mg/L established by The Binding
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Site Limited). Tetanus IgG levels were also low at
0.73 mg/L.

She was vaccinated with Pneumovax II and
Hemophilus influenzae B vaccine and post-
vaccination pneumococcal IgG and Hemophilus
IgG levels at 4 weeks were 39.8 mg/L and 0.010
mg/L respectively. There was no response to HiB
vaccine and some response to Pneumovax II
vaccine.

Further Management:

She therefore had a common variable
immunodeficiency (CVID) phenotype but
owing to her previous history of WG and
immunosuppressive therapy, a diagnosis of
secondary immunodeficiency with a CVID
phenotype was considered to be more accurate.
She was advised to send sputum samples for
culture/sensitivity before starting antibiotics for
chest infections.

She was reviewed a few months later and she had
been on antibiotics almost continuously. Three
sputum samples had grown Hemophilus influenzae
and streptococcus pneumoniae on 2 occasions.
Repeat immunoglobulin measurements showed
panhypogammaglobulinaemia as before: IgG 2.6
g/L, IgA 0.29 g/L and IgM 0.42 g/L. (Table 1)

A decision was taken to withhold her
immunosuppression to see if the antibody levels
improved. Azathioprine was tapered down to
25mg daily and prednisolone to 10mg daily over
a few months, but her symptoms of inspiratory
stridor returned and PR3 levels started to rise (>5
to 20 au/ml). Immunosuppression was restarted
at regular maintenance doses and IVIG therapy
started at 400mg/kg every 3 weeks. Almost a year
later, trough IgG (measured just before next dose)
was 7.8 g/L, while IgA (0.31g/L) and IgM (0.39 g/L)
levels remained low. In the subsequent 15 months
on IVIG therapy, only one positive sputum culture
was positive for streptococcus and she remained
on prednisolone 5mg and azathioprine 50mg daily.
Anti-PR3 antibody levels remained at 20 au/ml.

DISCUSSION

Effects of cyclophosphamide on the immune
system

Metabolites of cyclophosphamide alkylate DNA
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bases and work synergistically with corticosteroids
and other immunosuppressive agents like
azathioprine2. Corticosteroids influence numerous
gene transcription and post-transcriptional events
and inhibit cytokine production and leukocyte
migration and thus exert anti-inflammatory and
systemic effects. Since all nucleated cells express
glucocorticoid receptor, adverse effects associated
with long-term use are inevitable and adequate
prophylaxis to protect bone must be considered.
Cyclophosphamide affects both B and T cells; low
doses of cyclophosphamide affect cell-mediated
immunity more than bolus doses, which tend to
impair antibody responses. Cyclophosphamide
bolus doses drop B cell counts, and significantly
more CD8+ T cells than CD4+T cells. (Table 2
summarises case reports of cyclophosphamide-
induced hypogammaglobulinemia)

Other common side effects of cyclophosphamide
include: nausea, vomiting, alopecia, bone marrow
suppression, bladder toxicity, infertility and
carcinogenicity (most are dose-dependent).
Adequate hydration (for oral and IV) and
administration of mesna during IV bolus therapy
reduces bladder toxicity.

Clinical features of
hypogammaglobulinaemia

drug-induced

A variety of immunosuppressive drugs used
in the treatment of autoimmune disorders
including vasculitis have been implicated
in causing hypogammaglobulinaemia. The
effect of low dose cyclophosphamide therapy
on immunoglobulin levels has not been well
characterized. Specific B-cell-directed therapies
in the form of anti-CD20 monoclonal antibody;,
Rituximab has been increasingly wused in
rheumatoid arthritis and SLE and have been
associated with hypogammaglobulinaemia. With
the more recent introduction of humanized anti-
CD20 (Ocrelizumab [90-95% human] and newer
agents in the pipeline, more cases are likely to be
reported in the future as these therapies gain more
widespread use4.

The  clinical features of  drug-induced
hypogammaglobulinaemia are diverse. Some
patients remain asymptomatic, even with very
low immunoglobulin  measurements. The
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more complex patients who receive life-long
immunosuppression are patients with systemic
lupus erythematosus (SLE) and Table 3 aims to
give an overview of the different types of antibody
deficiency disorders that develop in some patients
due to the effect of various medications, including
remission induction with cyclophosphamide, over
their life time.

Pulmonary complications of antibody deficiency
disorders:

The pulmonary complications/clinical
presentations of antibody deficiency disorders
can be divided into: (1) infectious (recurrent
upper and lower respiratory tract infections
(sinopulmonary) with its complications) and
(2) non-infectious (granulomatous-lymphocytic
interstitial lung disease GL-ILD as seen in CVID,
bronchial abnormalities such as bronchiectasis,
malignancies, and benign lymphoproliferation).
Therefore, patients at any age (not only children)
who develop recurrent upper or lower respiratory
infections (>3 documented pneumonias or serious
sinus infections per year), especially when unusual
pathogens are encountered or in non-smokers,
should be investigated for possible humoral
(antibody) immunodeficiency. The pneumonias
in antibody deficiency disorders are typically
caused by encapsulated bacteria: Streptococcus
pneumonia, nontypable Haemophilus influenzae
(NTHi), and Staphylococcus speciesl7. Besides
the encapsulated bacteria, patients with antibody
deficiency are also at increased risk for respiratory
viral infections and in most cases such infections
are much more frequent and prolonged. The
subsequent  respiratory  complications that
develop in patients with antibody deficiency due
to the recurrent pulmonary infections are air-
trapping, bronchial wall thickening, atelectasis
development, and subsequently bronchiectasis. Up
to three-fourths of CVID patients develop chronic
structural pulmonary complications, of which
bronchiectasis and bronchial wall thickening
are most frequently detected. The diagnostic
delay of antibody deficiency in patients with
bronchiectasis is significantly higher than those
without developed bronchiectasis. A particularly
difficult pulmonary complication in CVID is GL-
ILD that represents the pathologic combination
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of granulomas and lymphoid hyperplasia and can
be distinguished from classical sarcoidosis of the
lungl7. The granulomatous form of CVID (that
develops in 8-22% of patients) is associated with a
worse prognosis (autoimmunity such as immune
thrombocytopenia, autoimmune  haemolytic
anemia) and attempts at better defining this
condition with peripheral blood flow cytometry
markers has had some success.

Treatment options for drug-induced
hypogammaglobulinaemia:

Drug-induced  hypogammaglobulinaemia  is
potentially reversible with withdrawal of the
causative agent, although the duration of post-
cessation hypogammaglobulinaemia can vary
from a few weeks to years. In patients found to
have drug-induced hypogammaglobulinaemia,
treatment decisions should be made according
to both clinical need (i.e., to prevent recurrent
infections) and laboratory parameters (i.e.,
monitor IgG levels). Therefore, the principal
clinical parameter is whether the patient is suffering
from recurrent infections and should ideally be
confirmed by microbiological investigations.
Laboratory investigations may include a simple
test like globulin gap (total protein-albumin)18, or
serum protein electrophoresis where the gamma-
globulin portion would be very low/undetectable
that should prompt the physician to check total
immunoglobulin levels (IgG, IgA, IgM). These
tests should be followed up with functional
antibody levels (with pre- and post-vaccination
responses) and lymphocyte subsets (CD3+, CD4+,
CD8+, CD19+ B cells) including class switched
B cell subsets CD27/IgM (if available). Finally,
investigations to see whether end-organ damage has
developed due to recurrent infections (e.g. HRCT
chest for bronchiectasis) should be underatken as
this will influence the treatment decision.

Hypogammaglobulinaemia indicates the need for
regular assessment of the patient and monitoring
of immunoglobulin levels. Prophylactic antibiotics
(e.g., azithromycin 500 mg three times a week)
can be started as a trial for 3-6 months to see if the
frequencies of infections diminish, although there
is no evidence for this from controlled clinical trials.
Immunoglobulin replacement therapy (400mg/kg
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every 3 weeks) would be required as a final option
if infections continue to be a significant problem
despite antibiotic therapy. IVIG therapy has
prevented further chest infections. It is interesting
to speculate if the low-dose regular IVIG therapy
is helping to lower the anti-PR3-antibody levels
along with azathioprine and prednisolone.

The new Department of Health (UK)
guidelines on IVIG therapy now lists secondary
hypogammaglobulinaemia as a ‘blue’ indication19
for long term therapy, upgraded from the ‘grey’
from former guidelines thus recognising the need
for this therapy in this condition with no absolute
requirement of the panel of experts decision for
this therapy to be instituted.

CONCLUSIONS

Cyclophosphamide  possibly led to the
development of hypogammaglobulinaemia in
our patient, although the cumulative effect of
other immunosuppressive agents on suppressing

antibody production cannot be discounted.
Symptoms of subglottic stenosis and detectable
anti-PR3 antibody levels are reasons why
immunosuppression needs to be continued in
such patients. IVIG replacement therapy in the
presence of on-going immunosuppression may
seem counter-intuitive, but both types of drugs
act on different parts of the immune system,
and concurrent use is justified. The aim would
be to ensure that the lowest possible dose of
immunosuppressive agents controls the vasculitis,
so that maximum benefit can be derived from IVIG
therapy, both as an immunomodulant replacement
for IgG deficiency.

A whole blood, lyse and no wash method was
used. The left hand panel shows the lymphocyte
gate CD45 vs SSC (side scatter), and the right
hand panel shows the rectangular gating around
B cells, with significantly reduced CD19 (B cell)
population.

Table 1. Haematological, biochemistry and immunology laboratory data

VARIABLE AT 3 YEARS 4TH ONE YEAR
(Reference range) DIAGNOSIS |LATER YEAR ON IVIG
Haemoglobin (12.4-15.9 g/dl) 7.9 8.8 13.5 11.4
White cell count (4.5-13.0 x 109/L) 13.1 13.0 5.2 12.7
Platelet count (150-400 x 109/L) 263 228 306 260
Neutrophil count (2.0-7.5 x 109/L) 6.0 7.0 3.1 6.0
Lymphocyte count (1.5-4.0 x 109/L) 1.4 0.7 1.16 1.0
Sodium (136-145 mmol/L) 127 134 136 141
Potassium (3.5-5.1 mmol/L) 4.9 3.8 4.7 4.6
Urea (3.0-9.2 mmol/L) 10.9 7.0 9.5 8.0
Creatinine (53-115 umol/L) 166 115 129 110
C-reactive protein (0-8 mg/L) 25 36 12 10
IgG (5.3-16.5 g/L) 12 1.8 2.6 7.8
IgA (0.8-4.0 g/L) 1.0 0.24 0.29 0.31
IgM (0.5-2.0 g/L) 0.58 0.17 0.42 0.39
Antinuclear antibody Negative Negative Negative Negative
Anti-neutrophil cytoplasmic antibody C-ANCA Atypical Atypical Atypical
PR3 levels (0-19 au/ml) >500 <5 <5 20
C3(0.75-1.65 g/L) 0.86 1.0 0.88
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C4 (0.14-0.54 g/L) 0.20 0.23 0.24
CD3+ T cells (0.8-2.7 x 109/L) (53-78%) 0.609 (87.5%)
CD4+ T cells (0.4-1.7 x 109/L) (25-48%) 0.204 (33.4%)
CD8+ T cells (0.3-1.2 x 109/L) (9-36%) 0.350 (57.4%)
CD19+ B cells (0.1-0.6 x 109/L) (8-25%) 0.004 (0.57%)
CD56+ NK cells (0.09-0.6 x 109/L) (6-28%) 0.018 (2.58%)
% T cells expressing HLA-DR (<5%) 16%
Tetanus IgG mg/L (IU/ml) 122
(long-term protection >2.5 mg/L or >0.15 IU/ml; 0.730 (0.04) (0'07)
1IU/ml =17 mg/L) '
Pneumococcal IgG (>30 mg/L)* 17.4 39.8
Hemophilus IgG (minimum protection 0.15

. . 0.01 0.01
mg/L, optimal protection >1 mg/L)

*The pneumococcal assay measures antibody responses to pneumococcal vaccines incorporating 23 polysaccharides (1-5, 6B,
7E 8,9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 20, 22F, 23F, 33F) isolated from Streptococcus Pneumoniae. Median values
from 100 normal adult blood donors >30 mg/L; %CV (inter-assay) at 10.9 mg/L 7.8%, 40.9 mg/L 1.3%, 141.2 3.3%.

Table 2. Cases of Cyclophosphamide-induced hypogammaglobulinaemia

Patient and Regime Time to onset | Type of immuno- Treatmentref
diagnosis of immuno- deficiency
deficiency
23, female Cyclophosphamide 1 year Selective IgA None®
SLE with (CD 1.0gm) deficiency
Class IV GN
37, female Cyclophosphamide 6 years Low IgG (renal loss) | None’
SLE with Class IV (CD 2.5gm) that improved over 2
lupus nephritis years
21, male Cyclophosphamide 5 months Low IgG (renal loss) | None’
SLE with ATHA, class | (CD 4.8gm) that improved slowly
IT1/V lupus nephritis
20, female Cyclophosphamide 6 years Selective IgM None’
SLE with Class (CD 3gm) deficiency (IgM<0.25)
Vcmembranous
nephropathy
Rheumatoid arthritis | IV cyclophosphamide and During the Panhypogamma- None'?
prednisolone course of treat- | globulinaemia
ment
10, female SLE Prednisolone and 1 year Panhypogamma- Antibiotics"
intermittent cyclophos-pha- globulinaemia
mide for 10 years
112 patients with CYC monthly pulses for 12 2 years 5.4% (6 patients) IVIG,
multiple sclerosis months 700mg/m2, then developed hypogam- | antibiotics'
bi-monthly for 12 months maglobulinemia

ATHA, autoimmune haemolytic anaemia; SLE, systemic lupus erythematosus; R-CHOP, rituximab-cyclophosphamide-
hydrocortisone-oncovine-prednisolone; GN, glomerulonephritis; 2 more cases reported by V] Tormey and A Burns with
panhypogamma in 2-5 months req. IVIG"”
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Table 3. Antibody deficiency disorders in association with SLE

of 248 patients with CVID.

Type.of antibody Description Source
deficiency syndrome
2 cases of SLE and CVID. All patients had
received prednisolone and 72% had received other
CVID immunosuppressant drug§ prior to the diagnosis Fernandez-Castro et al®
of CVID. Sinopulmonary infections were the most
frequent symptom and 89% of patients received
IVIG replacement therapy.
CVID 2 patients had a diagnosis of SLE in this large study Cunningham-Rundles et al

Selective IgA deficiency

5 of 96 patients with SLE in an outpatient
population had IgA deficiency. There was a racial
preponderance (West Indian) or the presence of
anti-Sm and anti-La antibodies, but there were no
difference in clinical features.

Rankin et al®

Selective IgA deficiency

77 children with SLE followed prospectively for
20 yrs and 152 adults with SLE were surveyed
during a 1-yr period in this study. IgA deficiency
was identified in 5% of children and 3% of adults.
There were no differences in clinical course or
presentation.

Cassidy et al’

Selective IgM deficiency

12 of 54 SLE patients with selective IgM deficiency
(defined as serum IgM <2 S.D. below the mean).
All patients were on prednisolone; longer disease
duration was associated with lower IgM levels.

Saiki et al'®

Selective IgM deficiency

20 of 108 Malaysian patients and five of 22 Caucasian
patients with SLE had IgM levels below the lower
limit of control subjects. Median IgM levels were
lower in SLE patients compared with controls.

Senaldi et al"!

2

“14.7%

102

CD45-FITC
2

0= —
=LYMPH (CD45) st

s M e o T

L

B cell
0.5%

102

101

CD19-ECD

10"

SS Lin

CD3-PC5

34

The Pulmo-Face eVolume : XVI e Number : 1 e May, 2016

Figure 1. Flow cytometry image showing dot plot figure of CD19+B cells
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