Granulomatous inflammation in cartilage-hair hypoplasia:
Risks and benefits of anti-TNF-a« mAbs
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Background: Cartilage-hair hypoplasia (CHH) is a rare
autosomal recessive disorder characterized by short-limbed
skeletal dysplasia. Some patients also have defects in cell-
mediated immunity and antibody production. Granulomatous
inflammation has been described in patients with various forms
of primary immunodeficiencies but has not been reported in
patients with CHH.

Objective: We sought to describe granulomatous inflammation
as a novel feature in patients with CHH, assess associated
immunodeficiency, and evaluate treatment options.

Methods: In a retrospective observational study we collected
clinical data on 21 patients with CHH to identify and further
characterize patients with granulomatous inflammation.
Results: Four unrelated patients with CHH (with variable
degrees of combined immunodeficiency) had epithelioid cell
granulomatous inflammation in the skin and visceral organs.
Anti-TNF-a mAb therapy in 3 of these patients led to
significant regression of granulomas. However, 1 treated patient
had fatal progressive multifocal leukoencephalopathy caused by
the JC polyomavirus. In 2 patients immune reconstitution after
allogeneic hematopoietic stem cell transplantation led to the
complete disappearance of granulomas.

Conclusion: To the best of our knowledge, this is the first report
of granulomatous inflammation in patients with CHH. Although
TNF-a antagonists can effectively suppress granulomas, the risk
of severe infectious complications limits their use in
immunodeficient patients. (J Allergy Clin Immunol
2011;128:847-53.)
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Cartilage-hair hypoplasia (CHH; also known as McKusick-
type metaphyseal chondrodysplasia [MIM#250250]) is an auto-
somal recessive disorder that was first recognized in the Old Order
Amish population.! This condition shows an exceptionally high
prevalence in Finland, but sporadic cases occur worldwide.
CHH is characterized by short-limbed dwarfism, hypoplastic
hair growth, ligamentous laxity, and impaired cell-mediated im-
munity.> An increased risk of cancer has also been reported.**
The gene mutated in CHH encodes the untranslated RNA compo-
nent of the mitochondrial RNA-processing ribonuclease (RNAse
MRP)® and is called RMRP. Although a strong genotype-
phenotype correlation has been found by means of in vitro testing
of different mutations,® patients with the same genotype can show
very variable degrees of immunodeficiency.” Immunodeficiency
in patients with CHH affects predominantly T cell-mediated im-
munity, but antibody deficiencies have also been described.®? An
increase in mortality associated with defective immunity has been
reported.'” Other features of CHH include hypoplastic anemia.’
Although several groups have reported successful immune recon-
stitution after allogeneic hematopoietic stem cell transplantation
(HSCT),""""* this therapy does not change the course of skeletal
dysplasia. The effect of HSCT on the increased risk of malignancy
remains to be elucidated.

Granulomatous inflammation can be seen in patients with
immunodeficiencies (especially chronic granulomatous disease,"”
common variable immunodeficiency [CVID],'®! and T-cell
immunodeficiency caused by hypomorphic recombination-
activating gene 1/2 mutations'®) and inflammatory disorders (eg,
Crohn disease'”). Here we report on extensive granulomatous in-
flammation as a novel feature of CHH on the basis of clinical
and histologic observations in 4 unrelated patients. The effect of
anti-TNF-o. mAb therapy on the course of the granulomatous dis-
ease is also described.

METHODS

This retrospective observational study was performed on a cohort of 21
patients with CHH from the Department of Pediatric Immunology at Necker
Children’s Hospital (Paris, France) and the Department of Pediatrics at the
University Hospital Gasthuisberg (Leuven, Belgium). The diagnosis of
CHH was based on clinical, radiologic, and immunologic characteristics.
The records of all patients with CHH were reviewed for the presence of gran-
ulomatous inflammation. Granulomas were suspected on clinical examination
and confirmed by means of biopsy. Routine hematoxylin and eosin histologic
staining and Gram, Ziehl, Gomori-Grocott, Warthin-Starry, and periodic
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Abbreviations used
CHH: Cartilage-hair hypoplasia
CMV: Cytomegalovirus
CVID: Common variable immunodeficiency
EBER: EBV early RNA
HHVS: Human herpes virus 8
HSCT: Hematopoietic stem cell transplantation
PML: Progressive multifocal leukoencephalopathy
RMRP: RNA component of the mitochondrial RNA-processing ri-
bonuclease (RNAse MRP)

acid—Schiff staining were performed in all cases. Additional immunohisto-
chemical staining with specific antibodies (anti-cytomegalovirus [CMV] and
anti—human herpes virus 8 [HHVS8]) was performed in some cases. In situ hy-
bridization with an EBV early RNA (EBER) probe was performed for several
biopsy specimens. Extensive bacterial, viral, fungal, and mycobacterial cul-
tures were done in all patients, with specific PCR testing for mycobacteria
in patients 2, 3, and 4 and for Bartonella henselae and Toxoplasma species
in patient 4. Immunohistochemical analysis was performed with the following
murine mAbs: anti-CD4, anti-CD8, anti-HLA-DR (Becton Dickinson Biosci-
ences, Erembodegem, Belgium), anti-CD68, anti-B-cell lymphoma 2, anti-
CD4, anti-CD8, anti-CD20, anti-CD68 (Dako, Glostrup, Denmark), anti—
TNF-a (PeproTech, Rocky Hill, NJ), anti-HHV8 (Novocastra laboratory,
Newcastle upon Tyne, United Kingdom), and anti-CMV (Abcam, Cambridge,
United Kingdom).

Immunologic analysis of the T-, B-, and natural killer cell compartments
was performed by means of flow cytometry with a FACScalibur (BD
Biosciences, Le Pont de Claix, France) and mAbs against CD3, CD4, CDS,
CD19, CD16, CD45RA and CD45RO, as described elsewhere.”*?' Lympho-
cyte proliferation was determined in vitro based on the amount of tritiated thy-
midine incorporated into PBMCs, as described previously,?>*' after
stimulation with PHA or specific antigen after an appropriate immunization
schedule. Each study was run in parallel with samples from healthy adult con-
trol subjects. Serum levels of IgG, IgA, and IgM were assessed by means of
immunonephelometry. The presence or absence of serum antibodies to polio-
viruses, tetanus and diphtheria toxoids, Streptococcus pneumoniae and
Haemophilus influenzae was determined by using commercial ELISAs, as es-
tablished in the diagnostic laboratories of our centers.

This retrospective data collection was conducted according to the Helsinki
Declaration, informed consent was obtained from the patient’s families, es-
pecially before anti-TNF-o treatment (patients 2, 3, and 4) and before pub-
lication of clinical photographs and magnetic resonance images (patients 3
and 4).

RESULTS
Patients’ and disease characteristics

Granulomas were present in 4 of the 21 patients. These
patients’ clinical characteristics are summarized in Table I. In
brief, all patients had short stature, disproportionally short limbs
with typical skeletal dysplasia, recurrent respiratory tract infec-
tions, and intermittent diarrhea. A small-bowel biopsy specimen
showed villous atrophy in 3 patients. Genetic analysis was avail-
able for 2 patients and revealed biallelic mutations in the RMRP
gene; a compound heterozygous C4T nucleotide change in the
transcribed region was combined with a 13-bp duplication in
the regulatory region in patient 2 and a compound heterozygous
C63T and A70G mutation in patient 4.

Table 11*? shows the patients’ immunologic features on first
admission to our centers (ie, before any immunosuppressive
treatment). Immunologic investigations showed severe lympho-
penia in all cases (between 60 and 400 CD3" cells/pL); this
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predominantly affected CD4" lymphocytes, with a significant
decrease in naive T-cell numbers (<5% of the CD45RA™/
CD47 cells in patients 1, 2, and 3; data not shown). Functional
assays evidenced a reduction in or the absence of T-lymphocyte
proliferation on stimulation with both mitogens and antigens. T-
cell lymphopenia and impaired T-cell function persisted in all
patients over time and were present in patients 3 and 4 before
the onset of granulomatous inflammation.

Patients 2 and 3 had almost normal humoral immunity, with
normal IgG and IgM but low IgA levels and, more importantly,
protective postvaccination antibody levels for tetanus, diph-
theria toxoid, poliovirus, H influenzae, and S pneumoniae, as
assessed before any immunoglobulin substitution. Patients
1 and 4 presented with important hypogammaglobulinemia
and variable specific antibody titers (Table II). Interestingly,
there were no notable differences in the immune status of pa-
tients with CHH with (n = 4) and without (n = 17) granulom-
atous inflammation.

Immunoglobulin replacement therapy was initiated in patients
1, 3, and 4 but did not reduce the frequency of infectious
complications in patient 3. Lymphopenic patients received stan-
dard trimethoprim-sulfamethoxazole prophylaxis. Patients 2 and
4 underwent allogeneic bone marrow transplantation from a
matched unrelated donor after reduced-intensity conditioning
with fludarabine, melphalan, and alemtuzumab (according to the
guidelines published by the European Society for Immunodefi-
ciencies and the European Group for Blood and Marrow
Transplantation).>

Granulomas

Extensive granulomas were observed at an early age in all 4
patients. Skin lesions appeared at the age of 12 months in patient
1, 4 years in patients 2 and 4, and 8 years in patient 3. All patients
had infiltrative skin lesions consisting of plaques, papules, and
nodules with an erythematous and violaceous aspect. The latter
were poorly delineated and were sometimes associated with skin
atrophy, ulceration, or both. Variably sized lesions on the arms
and legs (Fig 1) were observed in all patients. Some lesions re-
mained small, whereas others progressed and became large con-
fluent lesions with ulceration. The appearance, number, and
spread of the lesions fluctuated over time; some persisted for
many years in each patient, despite the use of various lines of ther-
apy specified below. T-cell lymphopenia had been documented
before the appearance of granulomas in patients 3 and 4; T-cell
counts before the onset of granulomas were not available for pa-
tients 1 and 2. In patient 1 a regression of granulomatous skin le-
sions was observed after 17 years in the absence of specific
treatment. Interestingly, the T-cell counts in this patient remained
stable over time (at the age of 18 years: 448 T cells/mm” and 217
CD4™" cells/mm?, almost normal mitogen-induced lymphocyte
proliferation, and normal tetanus toxoid—induced proliferation).
Patient 4 had additional lesions in the bones, lymph nodes, spleen,
sinuses, and cartilaginous laryngeal structures, with partial de-
struction of the bony palate and the nasal septum and the ensuing
appearance of saddle-nose deformity.

In all cases histopathological analysis of biopsied tissue
revealed granulomas with a variety of morphological character-
istics. Interestingly, different types of granulomas were observed
in the same patient, sometimes within 2 biopsy specimen and
sometimes in biopsy specimens from distinct sites. Figs 2 and 3
depict the histopathology of the patients’ cutaneous granulomas,
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TABLE I. Clinical manifestations in 4 patients with CHH with granulomatous inflammation
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Patient 1 (female)

Patient 2 (male)

Patient 3 (female)

Patient 4 (female)

Age at diagnosis of CHH
Clinical manifestations
Short stature
Short limbs, metaphyseal
dysplasia
Fine and sparse hair
Anemia

Infectious complications
Age at onset
Type of infections and
complications

Substitution by intrave-
nous immunoglobulin
Gut manifestations

Granulomas
Age at onset/duration
Localization

Response to anti-TNF
mADb

Side effects of anti-TNF
mAb
HSCT (age at HSCT)

4y, 10 mo

Yes (—4 SD)
Yes

Yes
No

3 mo

Upper airway infections,
otitis, gastroenteritis

Severe herpes simplex
infection

Since age 6 y, decreased
frequency of infections

Chronic diarrhea

Duodenal biopsy at age 5 y:
villous atrophy

12 mo/16 y
Cutaneous and subcutaneous
Persisted until age 17 y and

then spontaneous
regression

Not applicable

Not applicable

No

14y

Yes (—6 SD)
Yes

Yes
No

3y

Upper and lower airway
infections

Transient interstitial
pneumonia

Bronchiectasis at age 10 y

No

Chronic diarrhea
Duodenal biopsy at age 4 y:
partial villous atrophy

4y/13y
Cutaneous and subcutaneous

Partial regression of the
lesions

None

Yes (17 y)

4y, 4 mo

Yes (—5 SD)
Yes

Yes
Aregenerative anemia at
1 mo of age

First year of life

Upper airway infections

Otitis complicated by
tympanosclerosis and
deafness

Recurrent
bronchopneumonia,
bronchiectasis at age 11 y

Pansinusitis

Since age 8 y without
improvement of infections

Chronic diarrhea

Duodenal biopsy at age 11 y:
partial villous atrophy

8 y/14 y up to now
Cutaneous and subcutaneous

Partial regression of the
lesions

None

No

At birth

Yes (—6 SD)
Yes

Yes

Autoimmune hemolytic
anemia at the age of 17 y
(IgG5 autoantibodies)

2y

Upper airway and
bronchopulmonary
infections

Bronchiectasis (onset at 10 y)

Pansinusitis

Recurrent otitis

Conductive hearing loss
necessitating hearing aids

Since age 5y, decreased
frequency of infections

Intermittent diarrhea

No biopsy

4y/14y

Cutaneous and subcutaneous

Osteolytic lesion in
calcaneus

Nasal septum with saddle
nose, larynx,
supraclavicular lymph
node, spleen

Partial regression of the
lesions

JC virus PML, death (19 y)

Yes (18 y)

including (1) sarcoidosis-like granulomas (mainly composed of
epithelioid cells associated with few lymphocytes and giant cells
without any necrosis and arranged in well-circumscribed nodules
[Fig 2, A]); (2) poorly defined tuberculoid granulomas (with nu-
merous giant multinucleated cells associated with some lympho-
cytes and few epithelioid cells [Fig 2, B]); and (3) histiocytic
palisading granulomas with a central necrobiotic area, mimicking
a granuloma annulare (Fig 2, C). These granulomas were mainly
located in the dermis and upper subcutaneous tissue. Immunohis-
tologic staining showed CD68" macrophages and epithelioid
cells (Fig 3, A). CD4™ and (predominantly) CD8* T lymphocytes
were found in the granulomas (Fig 3, B and C). Investigation of
biopsy specimens taken at different time points revealed a fluctu-
ation in the CD4/CDS8 ratio over time. In addition, substantial in-
filtration by CD20™ lymphocytes was observed in initial biopsy
specimens. HLA-DR staining test results were positive, espe-
cially in macrophages in the interstitium and the granulomatous
infiltrate (Fig 3, D). We observed positive anti-TNF-a antibody
staining in all granulomas (Fig 3, E) and variably intense B-cell
lymphoma 2 expression (Fig 3, F).

Gram, Ziehl, Gomori-Grocott, Warthin-Starry, and periodic
acid—Schiff staining results were negative for all samples. There
was no histologic evidence of viral infection in the biopsy
specimens, and the results of immunohistochemistry were neg-
ative for CMV and HHVS. Specific cultures for bacteria, fungi,
and mycobacteria (performed for all available biopsy specimens)
did not identify any infectious agents. The same was true of
specific PCR tests for mycobacterial species in several patients’
samples. In patient 2 results of in situ hybridization with EBER
probe were positive for the inflammatory cells within 1 skin bi-
opsy specimen (EBV blood load at the time of the biopsy).
EBV screening results with the EBER probe had been repeatedly
negative in skin biopsy specimens collected 2, 3, and 5 years be-
fore, as well as 5 years after, this unique positive result. Further-
more, the histologic features of patient 2’s granulomas did not
differ from those seen in the other patients. Results of in situ hy-
bridizations with the EBER probe performed in several biopsy
specimens from patient 3 were negative. We therefore concluded
that this finding was coincidental and unrelated to the pathogen-
esis of the granulomas.
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TABLE Il. Immunologic features at first admission
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Patient 1 (female)

Patient 2 (male)

Patient 3 (female)

Patient 4 (female)

Age at first admission to our centers
Absolute lymphocyte count/mm?

CD3™" cells/mm?®
CD4" cells/mm®
CD8" cells/mm’
CD19" cells/mm’®
NK cells/mm’

Proliferation: mitogens (cpm X 1077)
Proliferation: tetanus (cpm X 1073)

5y, 7 mo

800 (1100-5900)
60 (700-4200)
ND

ND

352 (200-1600)
388 (90-900)

21 (>50)
Absent

10y

800 (1000-5300)
408 (800-3500)
200 (400-2100)
128 (200-1200)
250 (200-600)
142 (70-1200)

7y, 6 mo

700 (1100-5900)
238 (700-4200)
189 (300-2000)
7 (300-1800)
308 (200-1600)
154 (90-900)

2y

1752 (1700-6900)
357 (900-4500)
168 (500-2400)
102 (300-1600)
390 (200-2100)
1005 (100-1000)

1gG (g/L) 3.16 (6.8-11.8)
IgA (g/L) 0.41 (0.66-1.34)
IgM (g/L) 0.16 (0.5-1.14)
IgE In normal range
Anti-tetanus antibodies Absent
Anti—polio 1, 2, or 3 antibodies Protective
Anti-diphtheria antibodies Absent

Anti—S pneumoniae antibodies Not done
Anti—H influenzae B antibodies Not done
Isohemagglutinins Absent

9 (>50) 9 (>50) 31 (>50)
Absent 38 (>10) Absent

9.8 (8.3-14.9) 13.3 (7-12.6) 1.43 (5.3-10.1)
0.6 (1.02-1.94) 0.48 (0.78-1.62) 0.1 (0.34-0.78)
1.0 (0.68-1.28) 1.58 (0.66-1.18) 0.22 (0.54-1.06)
In normal range In normal range In normal range
Protective Protective Not done
Protective Protective Protective
Protective Protective Not done
Protective Protective Absent
Protective Protective Not done

1/256 anti-A Not done Not done

In brackets are age-matched normal values for lymphocyte counts (according to Comans-Bitter et a

12%), proliferation assays, and immunoglobulin levels (as established by the

performing laboratory). Proliferation assays included routinely the patients’ cells without stimulation as well as positive controls of healthy donors.

ND, Not done; NK, natural killer.

FIG 1. Cutaneous manifestations in patient 4 (foot, A and B) and patient 3
(knee, C; foot, D).

Anti-TNF-« therapy

Despite several courses of broad-spectrum antibiotic treatment,
which also targeted atypical intracellular microorganisms, no
significant improvement of the granulomatous lesions was ob-
served in any of the patients. Only a modest transient response
was observed in patients 1 and 2 after the local application of
steroids. Oral steroids led to partial transient improvement of
granulomas in patient 4 but also produced severe side effects (a
Cushingoid aspect and multiple vertebral collapse). No signifi-
cant benefit was observed after 15 months of local application of
tacrolimus in patient 2. Patient 3 received hydroxychloroquine
sulfate for 15 months at the age of 11 years and subcutaneous
IFN-a 2a for 3 months at the age of 12.5 years; again, the results
were not satisfactory.

Intravenous anti-TNF-a mAb (infliximab [Remicade; Cento-
cor Ortho Biotech, Inc, Horsham, Pa]) treatment was initiated in 3
of the 4 patients (patients 2, 3, and 4) at a dose of 5 mg/kg on days
0 and 14, followed by 1 injection every 4 weeks in patient 2 and

every 6 to 8 weeks in patients 3 and 4. In patient 4 infliximab was
discontinued after 7 months because of severe neurologic side
effects (described below). In patients 2 and 3 cyclosporine was
combined with infliximab.

After as few as 2 months of infliximab treatment, we observed
notable improvement of the granulomatous lesions in patient 4
and partial regression in patients 2 and 3. In patient 2 the
granulomas had regressed by approximately 50% after 4 months
of combination therapy with anti-TNF-a mAb and cyclosporine.
In this patient infliximab was maintained at 5 mg/kg every 4
weeks for a total duration of 15 months and was withdrawn at the
time of HSCT. Cyclosporin was continued for 12 months after
HSCT as prophylaxis for graft-versus-host disease. Fourteen
months after HSCT, the skin lesions had resolved completely. At
the last follow-up (3 years after HSCT), patient 2 is alive and well,
with his immune function completely restored. In patient 4
similar regression of the granulomas was observed as early as 3
months after HSCT. This patient also received cyclosporine as
prophylaxis for acute graft-versus-host disease.

Adverse effects of anti-TNF-a mAb therapy

A fine intentional tremor was observed in patient 4 at month 3
after initiation of anti-TNF-a mAb therapy. At month 6, major
neurologic deterioration was noted; the patient presented with
severe headaches, had lost the ability to write, and had slowed
speech, dysarthria, and ataxia. Magnetic resonance imaging
showed hyperintense lesions in the cerebellum and frontal and
temporal subcortical areas (Fig 4), suggesting the diagnosis of
progressive multifocal leukoencephalopathy (PML). PCR analy-
sis of the cerebrospinal fluid revealed the presence of JC virus. In-
fliximab was immediately discontinued (after 7 months of
treatment), and steroids were tapered. Despite treatment with ci-
dofovir, high-dose intravenous immunoglobulins, leflunomide,
mirtazapine, and cytarabine, only a slight neurologic improve-
ment was observed. Phenoidentical HSCT was performed to
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FIG 2. Histologic staining of skin biopsy specimens in patients with CHH. A, Sarcoidosis-like granuloma
mainly composed of epithelioid cells, with a few lymphocytes and giant cells but no necrosis, located in
the deep dermis next to a small venule (hematoxylin and eosin staining, original magnification x250). B,
Tuberculoid granuloma located in the upper part of the subcutis, showing numerous giant multinucleated
cells resembling Langerhans cells. There are some lymphocytes, few epithelioid cells, and no necrosis (he-
matoxylin and eosin staining, original magnification xX250). C, Palisading histiocytic granuloma surround-
ing a large area of eosinophilic necrosis, with many lymphocytes but no epithelioid or giant cells
(hematoxylin and eosin staining, original magnification x100).

FIG 3. Immunohistochemical staining of epithelioid and palisading granulomas (original magnification
x200). A, CD68 staining highlighted cells from the mononuclear phagocyte system. Here a palisading gran-
uloma complex is depicted. B, A small proportion of CD4" T lymphocytes was found in and around the ep-
ithelioid granulomas. C, Predominance of CD8" T lymphocytes in the granulomas. D, HLA-DR staining was
positive (especially in the macrophages) in both the interstitium and the granulomatous infiltrate. E, TNF-a
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staining was strongest in the palisading granulomas. F, B-cell lymphoma 2 expression.

restore T-cell function (9 months after the onset of the first dis-
crete neurologic signs and 5 months after the diagnosis of PML
and discontinuation of infliximab). The patient died 15 months af-
ter PML onset (ie, 6 months after an otherwise successful HSCT).
Immune reconstitution inflammatory syndrome might have con-
tributed to the neurologic degradation that ultimately led to the
patient’s death.

DISCUSSION

Here we present 4 patients with CHH immunodeficiency and
granulomatous inflammation, a previously undescribed combi-
nation. Noncaseating granulomas without an identifiable infec-
tious cause can occasionally be seen in patients with primary
humoral immunodeficiencies, cellular immunodeficiencies, or
both?* (namely CVID,'625-27 ataxia-te:langiectasia,28’29 and
chronic granulomatous diseases'”). Anecdotal cases of granulo-
mas have been reported in patients with X-linked hypogamma-
globulinemia,®® hypomorphic recombination-activating gene
1/2'331 or Artemis deficiency,’® and Nijmegen breakage syn-
drome.** Granulomas can also be identified in patients with

incomplete immune reconstitution after HSCT for immunodefi-
ciencies (our unpublished observation).

Granulomas are most frequently seen in the skin but can also be
found in the liver, lung, bone marrow, spleen, and gastrointestinal
tract.'®'®31-32 They are thought to be a manifestation of immune
dysregulation because no specific infectious causes have been
identified to date. Nevertheless, infection by as yet unidentified
microorganisms cannot be ruled out, emphasizing the need for
novel microbiological techniques.***

The morphology of the granulomas in our patients was
polymorphic and variable. Immunohistochemical studies showed
a predominance of CD8™" T cells, although the cell populations
fluctuated over time. A similar CD8" predominance has previ-
ously been reported in skin granulomas in patients with other pri-
mary immunodeficiencies.>®

Granuloma formation typically occurs in the context of chronic
inflammation and increased release of proinflammatory cytokines
and chemokines. The polypeptide cytokine TNF-a has important
roles in inflammatory, immunoregulatory, and proliferative re-
sponses>’® and is thought to be necessary for the formation and
maintenance of granulomas.39 Significantly increased serum
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FIG 4. Radiologic manifestations in patient 4. Brain magnetic resonance
imaging revealed demyelination in the left hemisphere (more than the
right), as well as in the pons and the left pedunculus cerebellaris and
dentate nucleus.

levels of TNF-a and soluble TNF receptors in patients with CVID
with granulomatous inflammation also argue in favor of a role for
TNF-q. 404 Accordingly, we observed strong TNF-a expression
in biopsy specimens of several patients at different time points
during the disease.

The severity of granulomatous lesions, their progression, and
the resulting major handicap might require aggressive treatment.
Topical steroids, systemic steroids, or both can be effective but
sometimes produce severe side effects and significant relapse on
withdrawal.** Infliximab’s efficacy has been demonstrated in a
variety of autoimmune and granulomatous inflammatory disor-
ders, including Crohn disease®® and sarcoidosis,** as well as in
patients with Blau syndrome.*> Furthermore, some patients
with CVID with severe granulomatous disease who did not re-
spond to corticosteroids showed an improvement on treatment
with infliximab*®*” or etanercept (a soluble TNF-« receptor in-
hibitor),*® whereas 2 other patients with CVID with lung granulo-
mas did not respond to TNF-a inhibitors.!” However, no
controlled trials have been performed in this field.

In our patients with CHH, several courses of broad-spectrum
antibiotics and antivirals and anti-inflammatory therapy (includ-
ing local and systemic corticosteroids) did not consistently
suppress the granulomatous lesions. Conversely, a significant
improvement was observed after initiation of anti-TNF-a mAb in
all 3 treated patients. Although patient 3’s granulomatous skin le-
sions persisted during anti-TNF-a mAb treatment, withdrawal
led to significant deterioration, suggesting that an underlying
treatment-related improvement was nevertheless present. We can-
not rule out an additional beneficial effect of cyclosporine in pa-
tients 2 and 3, although the evidence for its efficacy in patients
with granulomatous inflammation is extremely limited.** Fur-
thermore, patient 4 (who showed the most rapid and significant re-
sponse to infliximab) had not received cyclosporine concurrently.
This patient was not completely weaned off steroids when inflix-
imab was introduced but had not responded satisfactorily to ste-
roids. Our observation of TNF-a overexpression in the
granulomatous lesion might also be in agreement with a positive
effect of anti-TNF-a treatment.
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Post-HSCT immune reconstitution led to complete regression
of the residual skin lesions in both patients undergoing trans-
plantation, demonstrating that HSCT presents the only curative
treatment. Because the recovery of immune function might both
resolve unidentified infections and correct immune dysregulation,
this observation does not prove (or disprove) either hypothesis.
However, our observation that the granulomatous lesions did not
worsen throughout anti-TNF-a treatment or during the profound
immunosuppression caused by HSCT conditioning suggests a
noninfectious cause. Because TNF-« is involved in host defense,
TNF blockade might result in unexpected infections.>® Patient 4
had PML caused by a JC virus infection, a known complication
of immunodeficiency. Although no such cases had been reported
until recently in large cohorts of patients with Crohn disease**!
or sarcoidosis**~? treated with anti-TNF reagents, it is likely that
this complication is favored in patients with an inherited immuno-
deficiency disorder. It was only very recently that a first case of
PML was reported in a patient treated with infliximab, predni-
sone, and methotrexate during 3 years.>> PML did not occur in
any other patients with CHH of our cohort, nor are we aware of
PML among the published patients with CHH. Thus far, we did
not observe any other serious adverse events with infliximab in
our immunodeficient patients, but the infectious risk has to be
carefully evaluated before considering infliximab in the treatment
of granulomas in patients with CHH or other primary
immunodeficiencies.

In conclusion, this is the first report (to the best of our
knowledge) of cutaneous and visceral granulomatous inflamma-
tion in patients with CHH. Our findings demonstrate that although
infliximab might be an effective treatment, the infectious risk is a
major concern, particularly in the setting of underlying primary
immunodeficiency, and warrants close clinical and biological
surveillance.

‘We thank the patients and their families for cooperation, and we thank the
nurses and clinicians for the care of the patients.

Clinical implications: Although granulomatous inflammation
(a new clinical feature in patients with CHH with immunodefi-

ciency) can be treated effectively with TNF-a antagonists, there
is a risk of severe infectious complications.
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