
CLINICAL RESEARCH www.jasn.org

Tubular Lesions Predict Renal Outcome in
Antineutrophil Cytoplasmic Antibody–Associated
Glomerulonephritis after Rituximab Therapy

Annelies E. Berden,* Rachel B. Jones,† Dianhdra D. Erasmus,* Michael Walsh,‡

Laure-Hélène Noël,§ Franco Ferrario,|¶ Rüdiger Waldherr,** Jan A. Bruijn,*
David R. Jayne,† and Ingeborg M. Bajema,* on behalf of the European
Vasculitis Society

*Department of Pathology, Leiden University Medical Center, Leiden, Netherlands; †Renal Unit, Addenbrooke’s
Hospital, Cambridge, United Kingdom; ‡Department of Medicine, McMaster University, Hamilton, Ontario, Canada;
§INSERM U845, Paris V University, Hôpital Necker, Paris, France; |Nephropathology Center, San Gerardo Hospital,
Monza, Italy; ¶Milan Bicocca University, Milan, Italy; and **Department of Pathology, University of Heidelberg,
Heidelberg, Germany

ABSTRACT
Histopathological features in renal biopsies of patients with antineutrophil cytoplasmic antibody–associated
vasculitis have predictive value for renal outcome in patients who receive standard treatment with cyclo-
phosphamide and corticosteroids; however, whether the same holds true for rituximab-treated patients is
unknown. We describe associations between renal histopathology and outcomes among patients treated
with a rituximab-based regimen in the Randomized Trial of Rituximab versus Cyclophosphamide in ANCA-
Associated Vasculitis trial. Two pathologists, blinded to clinical data, reviewed biopsies from 30 patients
according to a standardizedprotocol that included assessment of T cell, B cell, andplasma cell infiltration, as
well as scoring for tubulitis, interstitial inflammation, andglomerulitis.Wedidnotobserveassociationsbetween
immunohistology scores and age, sex, estimated GFR at entry, or requirement for dialysis. However, tubulo-
interstitial inflammation was more severe among patients who had a positive test for the myeloperoxidase
antineutrophil cytoplasmicantibody. Inamultiple linear regressionmodel,bothCD3+Tcell tubulitis and tubular
atrophy independently associated with estimated GFR at 12 months. Tubular atrophy remained an indepen-
dent predictor at 24 months (P,0.01). These results suggest that in addition to anti–B cell therapy, therapy
directed at T cells may improve renal outcomes in antineutrophil cytoplasmic antibody–associated vasculitis.
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Established treatment regimens for systemic anti-
neutrophil cytoplasmicantibody(ANCA)–associated
vasculitis (AAV) and GN, consisting of cyclophos-
phamide and high-dose glucocorticoids, target
both T and B cells. Standard treatment is associated
with serious adverse events and the accumulation of
therapy-related adverse events is an important cause
of early mortality.1,2 Therefore, ongoing studies in-
volve the search for treatments that improve rates of
sustained remissionwhileminimizing adverse events.

Several small studies of off-label treatment with
rituximab, an anti-CD20 mAb, suggest that it
induces remission in patients with systemic AAV
refractory to standard therapy.3–11 A multicenter

study of 65 patients with refractory AAV demon-
strated peripheral B cell depletion in all patients
after a first course of rituximab, and complete re-
mission was achieved in 75% (n=49) of patients.12

Of the 49 patients who experienced initial complete
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remission, 29 patients relapsed (57%) with a median time to
relapse of approximately 11.5 months.12 Combined results
from the aforementioned studies demonstrate that remission
rates of 80%–90% are achieved with rituximab treatment
among patients with refractory AAV. After these promising
results in refractory disease, two international, multicenter,
randomized, controlled trials (Randomized Trial of Rituximab
versus Cyclophosphamide in ANCA-Associated Vasculitis
[RITUXVAS] and Rituximab in ANCA-Associated Vasculitis
Trial [RAVE]) were launched to investigate the efficacy of
rituximab in the induction phase of AAV treatment.

The RITUXVAS trial compared a rituximab-based regimen
with a standard cyclophosphamide/azathioprine regimen for
the treatment of active, generalized AAV. All patients had
renal involvement. Temporary use of two initial cyclophos-
phamide doses in the experimental rituximab-based trial limb
was instigated to aid rapid disease control. TheRITUXVAS trial
investigated whether rituximab induced a higher rate of
sustained remission compared with standard therapy, with a
lower rate of severe adverse events and reduced cyclophos-
phamide exposure. Although sustained remission rates at
12 months were high in both treatment groups (76% in the
rituximab group versus 82% in the control group), the
rituximab-based regimen was not superior to standard in-
travenous cyclophosphamide therapy, nor was it associated
with a reduction in early severe adverse events.13 In the RAVE
trial, patients were randomly assigned to receive rituximab or
standard therapy with oral cyclophosphamide. The patients
in the RAVE experimental group did not receive a single dose
of cyclophosphamide. In agreement with the RITUXVAS
study, the RAVE trial demonstrated that at 6 months of follow-
up rituximab was not inferior to cyclophosphamide.14

These results indicate that rituximab might be a good sub-
stitute for cyclophosphamide as a form of induction therapy for
AAV patients. However, because rituximab
is a B cell–depleting agent, the question arises
as to whether T cell–mediated lesions are as
effectively treated with rituximab as with
cyclophosphamide-based therapy. This study
compares histopathological lesions of interest
to renal outcome in 30 patients who took part
in the experimental arm of the RITUXVAS
trial. Specifically, renal T cell, B cell, and
plasma cell infiltration were assessed and re-
lated to renal outcome. We compared our
results with the literature on histologic pre-
dictors of renal outcome in AAV patients
treated with standard therapy.

RESULTS

Patients
Of the 33 patients who participated in
the RITUXVAS trial and received a

rituximab-based regimen, 30 had a renal biopsy and were
included in this study. For 28 patients, the amount of tissue in
the paraffin block allowed collection of additional unstained
slides for immunohistochemical stainings. Themean number of
glomeruli per biopsy was 13 (range, 2–55).

Nine patients received adjunctive plasmapheresis, and 21
received intravenous methylprednisolone. In all patients, bi-
opsies were obtained before administration of rituximab,
cyclophosphamide, or plasmapheresis. Biopsies were obtained
before the start of steroid treatment in 17 patients and after
the start of steroid treatment in nine patients. For the remaining
four patients, the interval between biopsy and start of steroid
treatment could not be determined.

The mean age at entry was 63.3 years (SD 16.8 years; range,
20–85 years). Fourteen patients were women and 16 were
men. The mean 6 SD baseline eGFR was 29.2624.9 ml/min
per 1.73 m2. Seven patients were receiving dialysis. Fifteen
patients had a diagnosis of microscopic polyangiitis (MPA)
or renal-limited vasculitis (RLV) and an equal number had a
diagnosis of granulomatosis with polyangiitis (GPA, formerly
Wegener’s granulomatosis).15–17 The myeloperoxidase anti-
neutrophil cytoplasmic antibody (MPO-ANCA) was detected
in 13 patients, and the proteinase 3 antineutrophil cytoplas-
mic antibody (PR3-ANCA) was detected in 17 patients.

Clinicopathological Correlations at Baseline
As illustrated in Table 1, patients with higher percentages
of normal glomeruli, not affected by the disease, presented
with a relatively preserved renal function (r=0.54, P=0.002).
Patients with $50% normal glomeruli presented with a
mean 6 SD eGFR of 40.7627.4 ml/min per 1.73 m2, and
two of these patients were nevertheless receiving dialysis. Con-
versely, patients with ,50% normal glomeruli presented
with a mean 6 SD eGFR of 22.6621.4 ml/min per 1.73 m2

Table 1. Correlations of glomerular, tubulointerstitial, and vascular renal
lesions with renal function at baseline and during follow-up

MDRD at
Entry

MDRD at
6 mo

MDRD at
12 mo

MDRD at
24 mo

r P r P r P r P

Glomeruli
normal 0.536 0.002 — — 0.383 0.065 — —

all crescents 20.366 0.046 — — — — — —

circumferential crescents 20.353 0.056 — — — — — —

cellular crescents 20.339 0.067 — — — — — —

fibrous crescents — — — — 20.381 0.066 — —

global sclerosis — — — — 20.378 0.069 — —

Tubulointerstitium
interstitial infiltrate neg 0.030 — — — — — —

neutrophil infiltrate neg 0.028 — — — — — —

interstitial fibrosis — — neg 0.049 neg 0.021 neg 0.023
tubular atrophy — — neg 0.003 neg 0.002 neg 0.003
arteriosclerosis — — — — neg 0.016 neg 0.031

Dashes indicate P.0.10; the values were omitted for table clarity. Neg, a negative correlation between
the histologic parameter under investigation and renal function values.
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and five of these patients were dialysis dependent. Patients
with evidence of active GN, as characterized by the percentage
of crescentic glomeruli, had a comparatively reduced baseline
renal function (r=20.37, P=0.046). Patients whose biopsies
contained $50% glomeruli with crescents presented with a
mean 6 SD eGFR of 18.3618.3 ml/min per 1.73 m2, and
eGFR was 37.5626.6 ml/min per 1.73 m2 for those patients
whose biopsies demonstrated ,50% crescentic glomeruli. A
comparatively reduced baseline renal function was particularly
seen in patients whose biopsies showed higher percentages of
cellular and/or circumferential crescents; however, this did not
reach statistical significance. Interstitial infiltrates and extensive
neutrophil infiltrates in the diagnostic biopsy correlated with an
impaired renal function at presentation as well.

Apart from investigating associations between single his-
tologic parameters and baseline renal function, biopsies were
classified according to the recently developed classification
schema for ANCA-associated GN.18 We classified 26 of 30
biopsies containing $5 whole glomeruli. Of these biopsies,
10 were classified as focal, 10 as crescentic, and six as mixed.
In the focal group, one biopsy contained 50% normal glomer-
uli and 50% cellular crescents (10 whole glomeruli, five nor-
mal glomeruli, five cellular crescents). In the mixed category
(n=6), on average, 31% of glomeruli in the biopsy were nor-
mal, 24% showed cellular crescents, and 17% showed global
glomerulosclerosis. These results indicate that these biopsies
contained relatively few glomeruli with chronic damage.
There was a significant association between renal biopsy class
and baseline eGFR (P=0.014). Patients whose biopsies were
classified as focal or mixed presented with better renal function
(mean 6 SD eGFR focal class 43.6627.1 ml/min per 1.73 m2;
mixed class 44.2620.6 ml/min per 1.73 m2) than patients
whose biopsies were classified as crescentic (13.9614.4 ml/min
per 1.73 m2).

Histopathology and Outcome: Univariate Analyses
Whereas active glomerular and interstitial lesions correlated
with reductions in renal function at the time of biopsy, chronic
glomerular and interstitial lesions present in the diagnostic
biopsy demonstrated an effect during follow-up. Patients with
a higher proportion of glomeruli with fibrous crescents and/or
globally sclerosed glomeruli tended to have a relatively im-
paired renal function after 1 year of follow-up. A high amount
of tubular atrophy and the presence of diffuse interstitial
fibrosis were associated with impaired renal function during
follow-up as well (Figure 1A and B). Comparing these findings
to the literature on histologic predictors of renal outcome
in patients receiving standard therapy, it is evident that global
glomerulosclerosis20,21 and tubular atrophy20–22 have con-
sistently been shown to have predictive value for renal out-
come. There were three patients who did not have evidence of
arteriosclerosis on renal biopsy examination, and these pa-
tients had favorable renal outcomes compared with the ma-
jority of patients who presented with arteriosclerotic lesions
(Table 1).

No relationship between glomerular or tubulointerstitial
lesions and time to clinical remissionwas demonstrated in this
cohort (data not shown). However, time to clinical remission
was significantly longer for patients with evidence of arterio-
losclerosis than for patients without arteriolosclerosis (P=0.021).

Renal function data at 1- and 2-year follow-up were available
for 22 of 26 patients whose biopsies could be classified ac-
cording to the recentlydevised schema;however, no significant
association between biopsy class and renal function during
follow-up could be demonstrated.

Immunostainings
Tubulitis on CD3, CD79a, and CD20 scores was generally
mild, with only a few immune cells per tubular cross-section
(Table 2). Tubulitis on CD138 staining could not be evaluated
due to CD138 staining of proximal tubular epithelium. On
CD3 staining, almost half of the biopsies classified as t1 and
the remainder classified as t0. In the focal class biopsies, only
one of nine stained biopsies showed CD3+ T cell tubulitis.
In the crescentic and mixed class biopsies, six of eight and
four of six stained biopsies, respectively, showed this lesion.
Regarding CD79a and CD20 staining, approximately 20% of
biopsies classified as t1 and all other biopsies classified as t0.

Interstitial infiltrate scores were occasionally high for all
evaluated cell types. Severe i3 interstitial inflammation was
present in approximately 10% of biopsies upon examining cell
counts for CD3+ T cells, CD79a+ and/or CD20+ B cells, and
CD138+ plasma. Because CD20 staining is a parameter of
particular interest in these rituximab-treated patients, it is of
interest that the renal biopsies of six patients (approximately
21%) did not show any interstitial CD20+ B cells. However,
CD20+ cells were present in the majority of biopsies (Table 2).

Glomerulitis was scarcely present; most biopsies were
classified as g0. Regarding CD3+ T cell staining, five biopsies
showed a class 1 glomerulitis and one biopsy was classified as
g2. No intraglomerular CD3+ T cells were present in the other
biopsies. Regarding CD79a, CD20, and CD138 stains, approx-
imately 10%–15% of biopsies were classified as g1, and the rest
were g0.

Figure 1. Tubular atrophy and renal function. Renal function at
1-year (A) and 2-year (B) follow-up is depicted according to the
degree of tubular atrophy, as scored using a previously standard-
ized protocol (Bajema et al.19). Data are presented asmean6 SEM.
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There was no difference in Banff 97 scores according to
patient sex, age, diagnosis, time to remission, dialysis at entry,
and renal function at entry, demonstrating that these histologic
parameters are unique and not simply markers of age or renal
function. Patients who had a positive test for MPO-ANCA
demonstrated more extensive tubulointerstitial inflammation
upon renal biopsy examination. Specifically, these patients had
higher CD20 tubulitis scores, as well as higher CD3 andCD138
interstitial inflammation scores, than those patients who had a
positive test for PR3-ANCA.

Intraepithelial CD3+ T cells in the renal biopsy correlated
to an increased serum creatinine and an impaired eGFR, as
estimated by the Modification of Diet in Renal Disease
(MDRD) formula, at 6 months (P,0.05) and 12 months
(P,0.01) but not at 24 months of follow-up (P=0.093)
(Figure 2A and B). The two patients who had intraglomerular
CD20-positive B cells demonstrated a very impaired eGFR
during follow-up at 6 (P,0.05) and 12 months (eGFR
[mean 6 SD, ml/min per 1.73 m2] intraglomerular B cells
present 26.74615.31, intraglomerular B cells absent
56.84612.64; P,0.05). The same trend (P=0.083) was dem-
onstrated regarding intraglomerular CD20 positive B cells and
eGFR at 24 months of follow-up.

Because the immunostainings could not be compared with
the literature on histologic predictors of renal outcome, renal
biopsy sections from the standard treatment group were also
immunostained. There were no significant differences in im-
munostainings between the rituximab-treated group and the

standard treatment group. Furthermore, intraepithelial CD3+
Tcells didnot correlatewith reductions in eGFRduring follow-
up in the standard treatment group.

Independent Predictors for eGFR at 1- and
2-Year Follow-Up
Backward stepwise linear regression analysis was performed
including clinical and histopathological candidate predic-
tor variables for renal function at 1- and 2-year follow-up.
Clinically, entry eGFR was strongly correlated to eGFR at 12
months (r=0.486, P=0.016) and there was a tendency for an
effect of age (r=20.364, P=0.08). Histologically, normal glo-
meruli, globally sclerosed glomeruli, and fibrous crescents
were candidate predictors for eGFR at 12 months (all
P,0.10). Tubular atrophy and interstitial fibrosis were the
most important interstitial parameters considering their uni-
variate correlation to eGFR at follow-up, and CD3+ tubulitis
was an important candidate predictor in regard to immuno-
staining (all P,0.05).

Entering these candidate predictors in the backward step-
wise linear regression model demonstrated that tubular
atrophy (extensive tubular atrophy B=227.2; 95% confidence
interval [95%CI],245.9 to28.5; P=0.007) and CD3+ T cell-
tubulitis (B=211.9; 95% CI, 223.7 to 20.2; P=0.047) were
the most important independent predictors of eGFR at
12 months. Regarding renal function at 24 months, only
tubular atrophy (small foci of tubular atrophy B=226.0;
95% CI, 244.0 to 28.0; P=0.007; extensive tubular atrophy
B=241.9; 95% CI, 267.1 to 216.6; P=0.003) remained an
independent predictor.

The adjusted R2 values for the models at 1- and 2-year
follow-up were 0.53 and 0.36, respectively, indicating that
these models incorporating baseline histologic parameters ex-
plain approximately 53% and 36% of the variation in renal
function at 1- and 2-year follow-up. In comparison, R2 values
for univariate linear regression analyses incorporating only
baseline renal function and investigating renal outcome were
0.25 and 0.23 at 1-year (B=0.39; 95% CI=0.09–0.69; P=0.014)
and 2-year follow-up (B=0.43; 95% CI, 0.09–0.77; P=0.017),

Table 2. Immunohistology data scored after the Banff 97
score for renal allograft nephropathy

CD3 CD20 CD79a CD138

Tubulitis, n (%)
0 15 (58) 23 (82) 21 (75) —

1 11 (42) 5 (18) 7 (25) —

total 26 (100) 28 (100) 28 (100) —

missing 4 2 2 —

Interstitial inflammation, n (%)
0 10 (39) 6 (21) 6 (21) 9 (32)
1 7 (27) 15 (54) 16 (57) 11 (39)
2 6 (23) 5 (18) 3 (11) 5 (18)
3 3 (12) 2 (7) 3 (11) 3 (11)
total 26 (100) 28 (100) 28 (100) 28 (100)
missing 4 2 2 2

Glomerulitis, n (%)
0 17 (74) 20 (83) 23 (85) 24 (92)
1 5 (22) 4 (17) 4 (15) 2 (8)
2 1 (4) 0 (0) 0 (0) 0 (0)
total 23 (100) 24 (100) 27 (100) 26 (100)
missing 7 6 3 4

Tubulitis: 0, no mononuclear cells in tubules; t1, foci with 1–4 cells/tubular
cross-section (or 10 tubular cells). Interstitial inflammation: 0, no or trivial
interstitial inflammation (,10% of unscarred parenchyma); i1, 10%–25% of
parenchyma inflamed; i2, 26%–50% of parenchyma inflamed; i3, .50% of
parenchyma inflamed. Glomerulitis: 0, no glomerulitis; g1, glomerulitis in
,25% of glomeruli; g2, segmental or global glomerulitis in 25%–75% of
glomeruli (Racusen et al.23).

Figure2. Tcell tubulitis and renal function.Renal functionat1-year
(A) and 2-year (B) follow-up is depicted according to the degree of
CD3+ T cell tubulitis, as scored using the Banff 97 score for renal
allograft nephropathy (Racusen et al.23). Data are presented as
mean 6 SEM.
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respectively. These results indicate that baseline renal function
alone predicts approximately 23%–25% of the variation in
renal function at 1- and 2-year follow-up.

DISCUSSION

Rapidly progressive GN is an important disease manifestation
of AAV that accounts for substantial patient morbidity and
mortality. The diagnosis is often established by renal biopsy.
We report the results of a clinicopathological analysis of
30 patients with ANCA-associated GN who received exper-
imental treatment with a rituximab-based regimen (patients
recruited from theRITUXVAS trial). In this cohort of patients,
tubulointerstitial lesions, and specifically T cell–mediated le-
sions, were important predictors of renal outcome, indepen-
dent of baseline eGFR. Presence of B cells in the renal tissue of
these patients treated with B cell–depleting therapy did not
provide any independent predictor variables related to renal
outcome.

Whereas the extent of tubular damage, and especially the
presence of tubulitis (as evaluated on routine silver staining),
was previously reported to be of prognostic value in AAV, the
nature of the inflammatory cells has not been completely
elucidated.21,22,25 A number of studies focused on subtyping
interstitial infiltrates in AAV; however, these studies did not
incorporate extensive staining for B cells and plasma cells. In
the interstitium, CD3+ T cells have been described as the
dominant cell type, with the balance between CD4+ helper
T cells and CD8+ cytotoxic T cells shifted somewhat toward
the latter.26,27 Furthermore, interstitial T cells (CD3+ and
CD8+) have been reported to correlate significantly with se-
rum creatinine at the time of biopsy.26,27 Our data add that
both tubular intraepithelial B cells (markers CD79a and
CD20) and tubular intraepithelial T cells are present in biop-
sies of AAV patients, but that only the latter are related to
impaired renal function during follow-up in patients receiving
B cell–depleting therapy.

Part of the rationale behind B cell–depleting regimens in
autoimmune diseases characterized by disturbances in hu-
moral, as well as cellular, immunity comes from studies of
patients with rheumatoid arthritis, which reported that T
cell activation can be B cell dependent.28 The hypothesis
that rituximab works via inhibiting B cell/T cell interactions
is supported by evidence that B cell depletion can be effective
in patients who had a negative ANCA test at the start of treat-
ment,29 in whom the effector mechanism of this therapy is
more likely to affect T cells.

Our data provide evidence that intraepithelial T cells in the
renal biopsy are a negative predictor for renal outcome
in rituximab-treated patients. Whether T cell tubulitis rep-
resents a negative predictor for all treatments or is specific to
rituximab-based regimens as a result of undertreatment of
T cell tubulitis is unclear. T cell tubulitis might be a precursor
lesion of tubular atrophy, a parameter that we found to be

strongly related to renal outcome even after 2 years of follow-
up. The proposed effector mechanism of rituximab involving
inhibition of B cell/T cell interaction might be in effect in
AAV patients, but other pathways might be responsible for
T cell activation during rituximab treatment. For example,
antigen-presenting cells other than B cellsmay be important in
the pathogenesis of ANCA-associated GN and might explain
why there can still be activation and migration of T cells into
inflammatory lesions, even during B cell depletion, causing
tubulointerstitial damage.

Because treatment options for renal AAV are increasing,
particularly withmore targeted therapies being introduced, we
highlight the importance of understanding treatment effects
on histopathological processes and outcomes. Although bio-
markers to predict treatment response are not currently avail-
able, repeat renal biopsies in future trials would assist in the
identificationofmarkers of treatment outcomeand ensure that
active lesions are adequately treated.

This study is limited by its small sample size. Despite this
limitation, there was a demonstrable association between
tubulointerstitial lesions and renal function, highlighting their
potential importance. We compared our findings to the lit-
erature on histologic predictors of renal outcome in patients
receiving standard therapy. Because large numbers of biop-
sies of patients receiving standard therapy havepreviously been
subjected to the same central review procedure as the
RITUXVAS biopsies, data from these studies provided good
comparisonmaterial.20–22 However, these studies provided no
comparisonmaterial for the immunostainings. Therefore, im-
munostained sections from the control arm of RITUXVAS
were evaluated. Analyzing these slides with respect to renal
outcome did not provide evidence that CD3+ T cell tubulitis
is of importance in patients receiving standard treatment.
However, because only 10 biopsies were available, these anal-
yses might be underpowered and thus we cannot rule out
the possibility that CD3+ T cell tubulitis is of equal importance
to renal outcome in patients who receive standard therapy.
Finally, for practical and ethical reasons, it was not possible to
obtain protocol repeat biopsies to evaluate whether rituximab
effectively depleted B cells in the renal tissue. However, B cell
numbers were already low in the diagnostic biopsies obtained
before the start of therapy. Renal function during follow-
up was used as a surrogate outcome measure of rituximab
efficacy.

In summary, intraepithelial CD3+ T cells were associated
with renal outcome until 1-year follow-up. The presence of
intraepithelial CD3+ T cells might be related to the develop-
ment of tubular atrophy, a parameter found to be strongly
related to renal outcome even after 2-year follow-up. In
addition, our data demonstrate that evaluating histologic
parameters next to clinical parameters in rituximab-treated
patients contributes to the prediction of renal outcomes. Fur-
thermore, although B cell–depleting regimens are promising
in the treatment of AAV, some caution might be required.
Whether T cell tubulitis and tubular atrophy are of greater or
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equal importance in rituximab-treated patients than in pa-
tients receiving standard therapy cannot be concluded from
this study. However, their predictive value justifies attention
to these lesions. The extent of T cell infiltration detected on
renal biopsy examination could potentially be an important
factor in determining adequate therapy in individual patients,
and apart from promising results with B cell–depleting
therapies, attention to targeted T cell therapies might be
warranted.

CONCISE METHODS

Patients
Patients were enrolled in the RITUXVAS trial, which is a phase II,

randomized, controlled, prospective, open-label trial comparing a

rituximab-based regimen with a standard cyclophosphamide-based

regimen in the treatment of active, generalized (renal) AAV (protocol

available at http://www.vasculitis.org). Forty-four patients were ran-

domized 3:1 to a rituximab-based regimen or to current standard

therapy. Patients were recruited from eight centers located in six

countries: Australia, the Czech Republic, the Netherlands, Sweden,

Switzerland, and the United Kingdom. Patients were eligible for in-

clusion in this study if they met the following criteria: were random-

ized to receive the rituximab-based regimen; presented with a new

diagnosis of GPA, MPA, or RLV; had histologic evidence of active

renal involvement; had a positive ANCA test (as determined by in-

direct immunofluorescence and ELISA); and provided written, in-

formed consent.

In this study, we analyzed patients with available renal biopsies

who were randomized to receive the rituximab-based regimen. The

results were compared with the literature on histologic predictors of

renal outcome in AAV patients treated with standard therapy because

the standard therapy group in the RITUXVAS trial included only 11

patients. However, the available renal biopsies of the standard therapy

group were immunostained and analyzed because this was not pre-

viously done in patients receiving standard therapy in former

European Vasculitis Study Group trials and therefore no comparisons

to the literature could be made.

Treatment
Patients randomized to the rituximab group received 375 mg/m2 of

rituximab intravenously once weekly for 4 consecutive weeks (four

doses total), as well as two doses of cyclophosphamide (15 mg/kg

intravenously) administered with the first and third rituximab dose.

The corticosteroid regimen consisted of 1 g of methylprednisolone

intravenously, followed by daily oral corticosteroids. Maintenance

therapy consisted of low-dose daily oral corticosteroids. Infusions

of cyclophosphamide were administered because at the time of the

study design, the therapeutic effect of rituximab was not known to be

immediate. Before randomization, either plasma exchange or intra-

venous steroids were allowed according to local practice to treat se-

vere organ-threatening disease manifestations, such as pulmonary

hemorrhage. Modifications in therapy regimens were allowed ac-

cording to protocol to treat major and minor relapses.

Clinical Candidate Predictors and Outcome Parameters
The clinical baseline parameters under investigation were age, sex,

diagnosis (GPA, MPA, RLV), and ANCA type (MPO-ANCA or PR3-

ANCA). Renal function at entry was estimated by the four-variable

MDRD formula,30 which is commonly used and estimates GFR using

the following variables: serum creatinine, age, race, and sex. Because

this study included Caucasian patients, the adopted equation (for

creatinine in micromoles per liter) was as follows: eGFR = 32,788 3

[serum creatinine]21.154 3 [age]20.203 3 [0.742 if female].

Renal outcome in terms of eGFR30 during follow-up was the pri-

mary endpoint of this study, and eGFR was assessed at 6, 12, and

24 months of follow-up. Time to clinical remission was a secondary

endpoint. Clinical remission was defined by an absence of clinical

disease activity using the Birmingham Vasculitis Activity Score,31

with a score of 0 for at least 2 months.

Histologic Evaluation of Renal Biopsies
Routinely stained diagnostic renal biopsy sections were subjected to

a central review procedure. Paraffin sections stained with silver,

periodic acid–Schiff (PAS), hematoxylin and eosin, and trichrome

were forwarded to two of five participating pathologists (I.M.B.,

F.F., L.H.N., R.W., J.A.B.). Two pathologists scored the biopsies in-

dependently, blinded to patient data and the scores of the other ob-

server, and according to a previously standardized protocol.19,20

Briefly, each glomerulus had to be scored separately for the presence

of fibrinoid necrosis, crescents (cellular or fibrous; segmental or cir-

cumferential), sclerosis (local, segmental, or global), periglomerular

infiltrates, granulomatous reactions, and any other lesion. The num-

ber of glomerular lesions was expressed as a percentage of the total

number of glomeruli in a biopsy. Most interstitial, tubular, and vas-

cular lesions were scored qualitatively (absent or present), except for

interstitial infiltrates, type of cellular infiltrates (neutrophils, mono-

nuclear cells, or eosinophils), interstitial fibrosis, and tubular atro-

phy, which were scored semi-quantitatively (no, mild, quite dense, or

very dense interstitial infiltrates; type of cellular infiltrate not present,

present, or predominantly present; no, focal, or diffuse interstitial

fibrosis; and no tubular atrophy, small foci of tubular atrophy, or

extensive tubular atrophy). Granulomas were scored quantitatively.

In total, 39 histologic parameters were examined. Discrepancies be-

tween observers were resolved during central review sessions to

achieve consensus for each biopsy.

In addition to examining the presence of single histologic

parameters, biopsies were classified according to the recently

developed classification schema of ANCA-associated GN.18 All avail-

able biopsy specimens were included in the evaluation of single his-

tologic parameters; however, only biopsies with a minimum of five

whole glomeruli were classified.

Immunostainings
Renal biopsy sections were immunostained for CD3, a marker for

the whole T cell population; CD79a, a marker for the whole B cell

population; CD20, the B cell target of rituximab; andCD138, a plasma

cell marker. To assess renal morphology on immunostainings, a PAS

counterstain proved successful, particularly because it enabled careful

distinction between inflammatory cells located within and outside

the boundaries of the tubular basement membranes.
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Paraffin-embedded sections were stained with monoclonal rabbit

anti-humanCD3(Neomarkers,Fremont,CA),monoclonalmouseanti-

human CD79a (DAKO, Glostrup, Denmark), monoclonal mouse anti-

human CD20 (DAKO), and monoclonal mouse anti-human CD138

(Serotech, Toronto, Ontario, Canada).

Sections 4-mm thick were deparaffinized and rehydrated. For im-

munostaining, sections were subjected tomicrowave antigen retrieval

in citrate buffer (10 mM, pH 6.0, 10 minutes). Endogenous peroxi-

dase was blocked in water containing 0.3% hydrogen peroxide for

20 minutes. Sections were incubated with rabbit anti-human CD3

(1:50), mouse anti-human CD79a (1:400), and mouse anti-human

CD138 (1:200) for 1 hour at room temperature. Mouse anti-human

CD20 (1:400) was incubated overnight at room temperature. All anti-

bodies were diluted in 1% BSA in PBS. A horseradish peroxidase–

labeled anti-rabbit and anti-mouse antibody (HRP Rabbit/Mouse

Envision; DAKO)was incubated for 30minutes at room temperature.

The peroxidase reaction was developed with 3,39-diaminobenzidine

liquid chromogen (DAB+, 1:50; DAKO). Between each step, sections

were rinsed with PBS. Sections were then counterstained with PAS.

As a last step, all sections were dehydrated once again using increasing

ethanol concentrations, ending in a xylol bath.

All immunostained slides were scored according to the Banff

97 criteria for tubulitis, interstitial inflammation and glomerulitis

(Table 3).23 Glomerulitis was defined as the presence of intraglomer-

ular inflammatory cells (mononuclear cells, PMNs).

Statistical Analyses
Spearman’s rank correlation coefficient was calculated to determine

associations of continuous clinical and histologic parameters with

renal function at set time points. The choice of the Spearman’s

rank as opposed to the Pearson’s correlation coefficient was based

on data distribution. The nonparametric Mann–Whitney U test or

Kruskal–Wallis test was performed to assess differences in renal func-

tion according to clinical and histologic subgroups. Univariate linear

regression analyses were performed to assess the predictive value of

baseline renal function to renal outcome during follow-up. Backward

stepwise multiple linear regression analysis was performed to

develop a model of independent predictors of renal function at

1 year of follow-up. Baseline parameters that correlated with renal

function at 1 year in univariate analyses (P,0.10) were considered

candidate predictors for entry in the multiple model. The following

candidate predictors were included in the regression analysis: base-

line eGFR, patient age at entry, percentage of normal glomeruli, per-

centage of globally sclerosed glomeruli, percentage of glomeruli with

fibrous crescents, CD3+ T cell tubulitis (Banff 97 score), tubular

atrophy, and interstitial fibrosis. Dummy variables were created for

the semi-quantitative parameters tubular atrophy and interstitial fi-

brosis. The reference categories were absence of fibrosis or tubular

atrophy. No interactions were considered. The P value of the covar-

iates was set at 0.10 for removal in the multiple linear regression

model. The final model for the 12-month data was repeated for the

24-month data to assess whether the same parameters held their

effect size.

Analyses were performed using the SPSS statistical software

package for Windows (version 16.0; SPSS Inc, Chicago, IL). The

5% level of confidence was taken to indicate statistical significance.

All tests were two tailed.
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Table 3. Banff 97 criteria for tubulitis, interstitial inflammation, and glomerulitis

0 1 2 3

Tubulitis (t)a No mononuclear cells
in tubules

Foci with 1–4 cells/tubular
cross-section (or 10
tubular cells)

Foci with 5–10 cells/tubular
cross-section

Foci with .10 cells/tubular cross-section,
or the presence of at least 2 areas of
tubular basement membrane
destruction accompanied by i2/i3
inflammation and t2 tubulitis elsewhere
in the biopsy

Interstitial
inflammation (i)

No or trivial interstitial
inflammation (,10%
of unscarred
parenchyma)

10%–25% of the renal
parenchyma is inflamed

26%–50% of the renal
parenchyma is inflamed

.50% of the renal parenchyma is
inflamed

Glomerulitis (g) Absence of glomerulitis Glomerulitis in ,25%
of glomeruli

Segmental/global
glomerulitis in
25%–75% of glomeruli

Mostly global glomerulitis in .75% of
glomeruli

ªThe score applies to tubules that are no more than mildly atrophic.
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