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Objective. Ear, nose, and throat (ENT) involvement is the most prevalent manifestation of granulomatosis with
polyangiitis (Wegener’s) (GPA) and correlates with permanent damage and decreased quality of life. Although prior
studies have evaluated the efficacy of rituximab (RTX) for granulomatous features of GPA, none have evaluated its
efficacy solely for ENT manifestations. We compared the effectiveness of RTX to other therapies for the ENT manifesta-
tions of GPA in a large, well-characterized cohort.
Methods. We performed a retrospective analysis of 975 visits from 99 GPA patients seen at a tertiary care ENT practice
between 2003 and 2013. At each visit, subjects had a complete ENT examination, with ENT activity assessed by a single
expert otolaryngologist. ENT disease activity during the observational period in subjects receiving RTX was compared to
subjects receiving all other therapy.
Results. In total, 48 subjects had never received RTX and 51 received RTX at least once. There was no active ENT disease
during 92.4% of the observational period (days) for subjects receiving RTX, compared with 53.7% of the observational
period for subjects not receiving RTX (odds ratio 11.0 [95% confidence interval 5.5–22.0], P < 0.0001). Subjects receiving
RTX, compared with those receiving methotrexate, azathioprine, cyclophosphamide, or trimethoprim-sulfamethoxazole,
were significantly more likely to have no active ENT disease (P < 0.0001 for each comparison).
Conclusion. RTX is an effective treatment for ENT manifestations of GPA. Subjects treated with RTX were significantly
less likely to have active ENT disease compared with those not receiving RTX. Patients being treated with RTX were 11
times less likely to have active ENT disease than patients being treated with other therapies.

INTRODUCTION

Granulomatosis with polyangiitis (Wegener’s) (GPA) is a
multisystem autoimmune disease characterized by granu-
loma formation and necrotizing vasculitis of small- and
medium-sized blood vessels with a predilection for the
upper airway, lung, and kidneys. The majority of patients
with GPA have serologically detectable antineutrophil cy-
toplasmic antibodies (ANCAs) directed against proteinase
3 (PR3) at some point during their disease course. Ear,

nose, and throat (ENT) manifestations, including rhinosi-
nusitis, serous otitis media, and subglottic inflammation,
are present in an estimated 90% of patients with GPA,
making this the most commonly involved organ system in
GPA (1). ENT disease frequently leads to accrual of per-
manent damage; ENT damage is highly correlated with
reduced quality of life in GPA (2).

Depending on the extent and pattern of organ involve-
ment, GPA can be classified as limited or severe (3,4).
Patients with limited GPA do not have rapidly progressive
glomerulonephritis or other organ-threatening disease
manifestations. Limited GPA commonly presents with
granulomatous inflammation and encompasses the 5–10%
of patients with localized disease confined to the upper
airway without other evidence of systemic vasculitic man-
ifestations (5). The granulomatous lesions of GPA, such as
those found in the ENT domain, may be accompanied by
evidence of small vessel vasculitis in approximately one-
third to one-half of biopsies. Thus, labeling ENT manifes-
tations as granulomatous disease does not exclude the
presence of vasculitis in those organs. The distinction
between limited and severe disease has important thera-
peutic implications. Rituximab (RTX) has been shown to
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be noninferior to cyclophosphamide (CYC) for induction
of remission in severe GPA (6,7). For limited disease,
methotrexate (MTX) is often the first-line agent used for
remission induction and maintenance (8). Despite these
therapeutic regimens, refractory disease occurs in 15–20%
of GPA patients and disease flares are common. In the
Wegener’s Granulomatosis Etanercept Trial (WGET), a ran-
domized trial of 180 GPA patients comparing etanercept
plus standard of care (MTX or CYC) to standard of care
alone, flares were common in both groups. Of the 252
disease flares during the study, 80% were flares of limited
disease (9). The presence of upper airway disease has been
identified as a predictor of relapse in large cohorts of
ANCA-associated vasculitis (AAV) patients (10). ENT
damage is also very frequent; in the WGET cohort, the
most numerous contributions to the Vasculitis Damage
Index came from the ENT domains and accounted for 30%
of reported damage (4). Determining an effective therapeu-
tic strategy that controls limited GPA to prevent develop-
ment of destructive ENT damage while limiting potential
toxicities of potent immunosuppressive medications is
needed.

The efficacy of RTX for granulomatous manifestations of
GPA is debated. There have been a few small studies
examining the use of RTX for granulomatous manifesta-
tions of GPA (11–14). These small case series classified all
granulomatous manifestations together and reported vari-
able outcomes regarding the effectiveness of RTX for gran-
ulomatous GPA. Each of these descriptive studies exam-
ined refractory patients who had failed or had
contraindication to CYC therapy, and all studies were
enriched with a high proportion of patients with orbital
disease. Orbital masses in GPA are an exceptionally refrac-
tory disease feature, and radiographic differentiation be-
tween active disease and cicatricial change can be difficult
to assess (15). The failure of several of these studies to
demonstrate the efficacy of RTX for what has been defined
as granulomatous GPA was driven mostly by failure to
improve orbital disease. In this study, we examined the

effectiveness of RTX compared with other therapies ex-
pressly for ENT manifestations in a large, well-character-
ized cohort of GPA patients.

PATIENTS AND METHODS

Patients. Subjects seen at a tertiary care ENT practice
with an expertise in GPA between January 2003 and Jan-
uary 2013 were identified using the International Classifi-
cation of Diseases, Ninth Revision (ICD-9) code for GPA
(446.4). To be included in the cohort, subjects had to have
a diagnosis of GPA by the treating physician and a biopsy
with histopathologic findings consistent with GPA, ANCA
positivity, or both. Charts were reviewed for demograph-
ics, organ involvement, ENT disease activity, medications,
and procedures at each visit. All office visits included in
the analysis had to include a complete ENT examination
with direct endoscopic visualization of the nasal mucosa
and tracheolaryngeal complex and an audiometric exami-
nation for those with otologic involvement. Office visits
that did not include a complete ENT examination or doc-
umentation of ENT disease activity were excluded. Active
disease was noted if there was evidence of sinorhinitis,
tracheolaryngitis, subglottic inflammation, serous otitis,
dacryocystitis, or new or worsening of conductive or sen-
sorineural hearing loss. All ENT examinations were per-
formed by a single otolaryngologist with an expertise in
GPA (RSL).

Data were recorded systematically in a secure online
database. Standardized data capture forms using ENT do-
mains from the Birmingham Vasculitis Activity Score for
Wegener’s Granulomatosis (BVAS/WG) and the Vasculitis
Damage Index were utilized. ENT procedures performed
by the treating otolaryngologist, including tracheal dila-
tion, myringotomy, dacryocystorhinostomy, and sinus sur-
gery, were recorded; when available, histopathology from
surgical specimens was used to corroborate the presence
or absence of active ENT disease.

Outcomes. The primary outcome of interest was ENT
disease activity during the observational period (as mea-
sured in days) in subjects receiving RTX versus those
receiving all other therapies. ENT disease activity was a
dichotomous categorical measure of present or absent as
determined by the examining otolaryngologist. RTX use
was defined a priori as the most recent infusion within 6
months or continued B cell depletion at the time of the
visit. The secondary outcomes were the comparison of
ENT disease activity in subjects receiving RTX with those
receiving MTX, azathioprine (AZA), CYC, or trimetho-
prim/sulfamethoxazole (TMP/SMX).

Statistical analysis. The demographic characteristics of
subjects who ever received RTX were compared to those
who never received RTX. A 2-tailed unpaired Student’s
t-test was used to compare continuous data and a chi-
square test was employed to compare categorical data.
Because the data for the primary and secondary outcomes
were longitudinal in nature, a linear mixed-effects model

Significance & Innovations
● This is the largest cohort of granulomatosis with

polyangiitis (Wegener’s) (GPA) patients in whom
the effectiveness of rituximab (RTX) for ear, nose,
and throat (ENT) disease manifestations is re-
ported. This differs from previous studies in that
ENT disease activity was assessed by an expert
otolaryngologist and that RTX was compared to
other therapies.

● Patients who received RTX were more likely to
have had ENT damage and severe disease, yet
these same patients were significantly more likely
to have no ENT disease activity compared to those
not receiving RTX.

● Our findings suggest that RTX can be considered
as a relevant therapeutic option for GPA patients
with active ENT disease.
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was used to analyze data and compare treatment groups.
ENT disease activity during the observational period was
analyzed with medication at the time of visit as the time-
dependent variable. Observational time in the cohort was
accounted for in this model as a continuous variable, and
the mixed linear effects model can incorporate both irreg-
ularly spaced observations and nonuniform followup
time. To assess the validity of the mixed-effects analyses,
we adjusted for all the significant factors in the univariate
analysis in addition to age, sex, and disease duration.

RESULTS

Clinical and demographic characteristics. In total, 137
subjects were identified via the ICD-9 code, of which 38
were excluded for having a diagnosis other than GPA.
After excluding these patients, 99 subjects were included
in the cohort and contributed 975 office visits to the ana-
lysis. The mean � SD age was 49.8 � 15.1 years and the
mean � SD disease duration was 8.1 � 6.0 years; 68
subjects were women and 83 subjects were ANCA posi-
tive, with 76 subjects having PR3 positivity. Sixty subjects
had limited disease and 96 had documented ENT mani-
festations during the study period.

In this cohort, 51 subjects had received at least 1 course
of RTX and 48 subjects had never received RTX. Those
who received RTX were more likely to have had severe
GPA (48% versus 26%; P � 0.027) and were also more
likely to have had ENT damage (94% versus 73%; P �
0.004). There were no other statistically significant differ-
ences between the 2 groups (Table 1). The mean number of
days in the observational cohort did not vary between
subjects receiving RTX and those who did not receive
RTX. Those who received RTX contributed a mean � SD of
1,570.7 � 1,240.2 days observed and those not receiving
RTX were observed for a mean � SD of 1,352.3 � 1,058.3
days (P � 0.35).

ENT disease activity. Active ENT disease was docu-
mented at 393 office visits; at the remaining 582 visits,
ENT disease activity was absent. Subjects were receiving
RTX at 144 visits, MTX at 197 visits, CYC at 55 visits, AZA
at 98 visits, and TMP/SMX without other immunosuppres-
sants at 113 visits. At 274 visits, subjects were not receiv-
ing any immunosuppressive therapy other than oral corti-
costeroids, which were being taken at 131 of these visits.
In this cohort, there were no patients in whom RTX was
administered concurrently with another immunosuppres-
sive agent other than oral corticosteroids. There was no
difference in mean prednisone dose between subjects re-
ceiving RTX and those receiving other therapy. Subjects
receiving RTX were taking a mean � SD prednisone dose
of 7.7 � 12.5 mg compared with those receiving other
therapy, whose mean � SD dose was 5.9 � 9.2 mg (P �
0.48). This reflects the prednisone or prednisone-equiva-
lent dose subjects were taking at the time of each office
visit. Intravenous steroids given as premedication, inhaled
or intralesional corticosteroids, were not able to be ac-
counted for in these analyses, although the majority of
subjects receiving RTX were routinely given methylpred-

nisolone 100 mg intravenously as premedication prior to
each infusion.

Subjects receiving RTX had no active ENT disease for
92.4% of the observational period compared with subjects
not receiving RTX who had no active ENT disease for
53.7% of the observational period (odds ratio [OR] 11.0
[95% confidence interval (95% CI) 5.5–22.0], P � 0.0001).
Adjusting for age, sex, disease duration, extent of disease,
and ENT damage, subjects receiving RTX remained signif-
icantly more likely to have absent ENT disease activity
compared with those not receiving RTX (OR 12.0 [95% CI
5.9–24.3], P � 0.0001) (Figure 1). All subjects who re-
ceived RTX during the observational period had docu-
mented disease activity in the ENT domain prior to RTX
administration. At the time of RTX treatment, 19 subjects
(37%) had only ENT disease; this number would rise to
53% of subjects if the 7 subjects with ENT disease plus
only fatigue or arthralgia were included. Only 3 subjects in
this cohort received RTX for active nephritis during the
observational period. When receiving RTX, 17 subjects
(33%) had concurrent pulmonary or endobronchial dis-
ease; the majority of subjects with pulmonary involvement
had pulmonary nodules (see supplementary Table 1, avail-
able in the online version of this article at http://online
library.wiley.com/doi/10.1002/acr.22311/abstract).

The majority of subjects had at least partial improve-
ment in all manifestations of ENT disease following RTX.

Table 1. Demographics*

Variable
RTX never

(n � 48)
RTX ever
(n � 51) P

Age, mean � SD years 52.4 � 15.5 47.3 � 14.4 0.1
Sex 0.38

Male 13 (27) 18 (35)
Female 35 (73) 33 (65)

Extent of disease 0.027
Limited 34 (74) 26 (52)
Severe 12 (26) 24 (48)

ANCA 0.39
PR3 38 (88) 38 (79)
MPO 3 (7) 4 (8)
Negative 2 (5) 6 (13)

Disease manifestations
General 8 (17) 17 (33) 0.06
Skin 5 (11) 4 (8) 0.63
Eye 14 (30) 25 (29) 0.97
ENT 45 (94) 51 (100) 0.7
Lung 24 (50) 34 (67) 0.09
Renal 7 (15) 14 (27) 0.12

ENT manifestations
Bloody nasal discharge 22 (46) 31 (61) 0.14
Sinusitis 35 (73) 39 (76) 0.68
Subglottic inflammation 28 (58) 26 (51) 0.46
Conductive hearing loss 14 (29) 19 (37) 0.39
Sensorineural hearing

loss
2 (4) 7 (14) 0.1

ENT damage 35 (73) 48 (94) 0.004

* Values are the number (percentage) unless indicated otherwise.
RTX � rituximab; ANCA � antineutrophil cytoplasmic antibody;
PR3 � proteinase 3; MPO � myeloperoxidase; ENT � ear, nose, and
throat.
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This cohort was enriched for subjects with subglottic dis-
ease, which can be particularly resistant to immunosup-
pressive therapy, especially once frank subglottic stenosis
has developed. While subjects with subglottic involve-
ment in this cohort demonstrated response to RTX, nearly
half (46%) underwent concurrent endoscopic interven-
tion. There were a similar number of surgical procedures
performed in subjects with subglottic disease not receiving
RTX.

When subjects receiving RTX were compared with those
receiving MTX, which is widely accepted as the standard
of care for limited GPA, those receiving RTX had active
ENT disease during 7.6% of the observational period com-
pared with 41.1% of the observational period for those
receiving MTX (adjusted OR 11.5 [95% CI 6.4–24.8], P �
0.0001). The mean � SD MTX dose was 20.8 � 4.6 mg
(range 10–30 mg). Comparing those receiving RTX with
those receiving AZA, CYC, TMP/SMX, or other immuno-
suppressive therapy, those receiving RTX were signifi-
cantly more likely to have absent ENT disease activity than
those receiving any of the other therapies (Figure 2).

DISCUSSION

This study represented the largest reported experience
with RTX versus other therapies for the ENT manifesta-
tions of GPA. There are many important differences in
study design between our study and prior studies address-
ing this topic, most notably in the size of our cohort, the
focus only on ENT disease (which was objectively as-
sessed), and the use of a comparator group of similar
subjects not receiving RTX. Aries et al reported a lack of
efficacy of RTX for granulomatous GPA; however, their
cohort consisted of 8 patients who had active disease
despite treatment with CYC, corticosteroids, and anti–tu-
mor necrosis factor therapy, making this a highly refrac-
tory group (11). Five of these patients had orbital disease,
which is notoriously refractory to therapy and difficult to

distinguish active disease from necrotic tissue. Further-
more, RTX was dosed at 375 mg/m2 every 4 weeks, which
is a lower dose than generally used for AAV. Seo et al
subsequently reported a positive experience with RTX for
granulomatous-limited GPA in a cohort of 8 patients (12).
Again, all patients in this study were refractory to multiple
other therapies, and there was no comparison group of
similar patients who did not receive RTX. Holle and col-
leagues compared the efficacy of RTX in refractory GPA
patients with vasculitic versus granulomatous manifesta-
tions and included 9 patients with limited ENT disease in
their cohort of 59 patients (14). The authors concluded that
most of the failure to respond to RTX was due to limited
efficacy in granulomatous disease; however, this result
was again largely driven by lack of response of orbital
masses and pachymeningitis. The largest study to date
reporting on the use of RTX for granulomatous GPA exam-
ined a British cohort of 34 patients with refractory ENT or
orbital disease (13). At 6 months, 88% of patients had
achieved partial or complete response, including 4 of the 5
patients with orbital masses; changes in the protocol dur-
ing the study period resulted in different dosing regimens
of RTX and repeated RTX administration every 6 months,
regardless of disease activity, in a subset of 15 patients.
The authors did not have a comparison group of similar
patients with ENT disease receiving other therapies.

The importance of B cells in the pathogenesis of GPA is
widely accepted and has been bolstered by the clinical
efficacy of RTX for induction and maintenance of severe
AAV. B cells are implicated in the pathogenesis of AAV by
giving rise to autoantibody-producing plasma cells, con-
tributing to local cytokine production, and acting as anti-
gen-presenting cells, and also through the T cell costimu-
latory pathway. The success of B cell depletion therapy in
patients who are serologically ANCA negative suggests
that B cells are important for more than just autoantibody
production (16). CD20� B cells are present in the inflam-
matory milieu of granulomatous lesions of GPA, where

Figure 1. Ear, nose, and throat (ENT) disease activity by rituximab (RTX). OR � odds ratio; 95% CI � 95%
confidence interval; * � adjusted for age, sex, disease duration, severity, and ENT damage.
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macrophages, giant cell neutrophils, and CD4� T cells are
also found. Aggregates of B cells forming germinal center-
like lymphoid follicles have been identified in endonasal
biopsies of patients with GPA (17). PR3-expressing neu-
trophils and macrophages and high levels of B cell sur-
vival factors (BAFF and APRIL) have been demonstrated
in close proximity to these B cell follicles in the granuloma
(18). An analysis of the gene repertoire of the antibody-
producing immunoglobulin heavy chain of these B cells
demonstrated a higher frequency of mutations than
healthy controls, suggesting antigen-driven selection and
affinity maturation. Some authors have suggested that the
microenvironment of the endonasal granuloma may be
responsible for PR3-driven B cell maturation and selec-
tion, break of tolerance, and development of overt autoim-
munity (19,20). Targeting of these autoreactive B cells that
may play a role in GPA pathogenesis might explain the
observed effectiveness of RTX for granulomatous ENT dis-
ease in our study.

Our study has numerous strengths that allow these find-
ings to enrich the current literature. This is the largest
cohort of GPA patients with well-documented ENT dis-
ease. A further strength of this study resides in the metic-
ulously characterized ENT examinations by a single expe-
rienced otolaryngologist. A recent study reported high
intrarater reliability in assessing endonasal disease activ-
ity in GPA (21). While the ENT assessor in our study was
not blinded to medication use, the decision to prescribe or
change therapeutic regimens was at the discretion of the
patient’s rheumatologist and not the otolaryngologist. Al-
though the BVAS/WG includes 5 ENT items in the mea-
surement of disease activity, direct otolaryngologic visu-

alization and audiometric assessment are not required to
assess manifestations such as subglottic disease or hearing
loss (22). Therefore, the assessment of ENT disease activity
with otolaryngologic examination at each visit in this
study was more stringent and objective than the BVAS/
WG, which is widely accepted as the gold standard of
disease activity measurement in GPA (23). The importance
of objective assessment of ENT disease activity in GPA has
recently been espoused by Del Pero et al, who created an
ENT disease activity score based on endoscopic and au-
diometric examination (24). While this activity score
needs to be further validated and tested for interobserver
reliability, its creation highlights the importance of collab-
orative, multidisciplinary care for GPA patients to guaran-
tee accurate disease activity assessment to both guide ther-
apy in clinical practice and assess outcomes in clinical
trials.

Because of our ascertainment of subjects from a tertiary
care ENT practice, our cohort was enriched for refractory
ENT disease and ENT damage. Subjects receiving RTX
were more likely to have ENT damage, suggesting that
these patients may have had more extensive or refractory
ENT disease at baseline. Despite this difference, patients
receiving RTX were still far less likely to have active ENT
disease at the time of examination, even though all those
who received RTX had active ENT manifestations prior to
treatment. While the overall generalizability of this cohort
receiving specialized ENT care is unknown, the finding
that those receiving RTX had more previous ENT damage
and active ENT disease prior to treatment but were more
likely to have no ENT disease activity during the observa-

Figure 2. Ear, nose, and throat (ENT) disease activity by all medications. RTX � rituximab;
MTX � methotrexate; CYC � cyclophosphamide; AZA � azathioprine; TMP/SMX � trim-
ethoprim/sulfamethoxazole; OR � odds ratio; * � adjusted for age, sex, disease duration, severity,
and ENT damage; 95% CI � 95% confidence interval.
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tional period further bolstered our findings in support of
RTX.

The retrospective nature of this study poses certain lim-
itations. We were unable to systematically capture data on
potential adverse events. RTX is generally safe and well
tolerated in GPA; a recent retrospective cohort from the
Mayo Clinic characterizing patients receiving at least 2
courses of RTX over a decade concluded that repeated B
cell depletion was associated with low risk of infectious
complications (25). ANCA titers and B cell levels were not
measured at standard intervals in our cohort. Similarly,
the time between followup visits varied for each subject.
The mixed linear effects model used to analyze these lon-
gitudinal data is a robust model for this study because it
incorporates observational time in the cohort while ac-
counting for irregularly spaced measurements, and sub-
jects are not presumed to contribute the same number of
measurements to the analysis (26). However, this nonuni-
form followup time prevented accurate determination of
time to response to RTX and other therapies.

There were secular changes in the patterns of RTX use
throughout the period studied (2003–2013). The first stud-
ies of successful use of B cell depletion therapy with RTX
in GPA were published in 2001 (27). After these initial
studies, increasing evidence about the efficacy of RTX in
AAV became available, culminating in 2 randomized con-
trolled trials published in 2010 illustrating noninferiority
of RTX to CYC for remission induction in severe disease
(6,7). Despite the increased widespread use of RTX during
the study period, in our cohort, there were no differences
in patient demographics or outcomes in those treated with
RTX prior to 2011 compared with after 2011, when Food
and Drug Administration approval of RTX for severe GPA
was granted.

RTX may be an effective treatment for the ENT manifes-
tations of GPA. Patients treated with RTX were far less
likely to have active disease in the ENT domain than
patients treated with other immunosuppressives, includ-
ing MTX, AZA, or CYC. These data suggest that RTX may
be a valuable alternative to conventional immunosuppres-
sive therapies for the treatment of ENT manifestations of
GPA. The findings of this retrospective study will ulti-
mately need to be verified in prospective controlled clin-
ical trials.
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