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Abstract

Background: Immunopathologic features predict renal
function at baseline and follow-up in antineutrophil cyto-
plasmic antibody (ANCA)-associated glomerulonephritis
(GN). The interstitial infiltrate consists predominantly of T
lymphocytes, but their pathophysiologic significance is un-
clear, especially in light of the success of B-cell-directed ther-
apy. Methods: Renal biopsies from 33 patients treated with
cyclophosphamide (CYC; n=17) or rituximab (RTX; n=16) in
the RTX in ANCA-associated vasculitis (RAVE) trial were clas-

sified according to the new ANCA GN classification. T- and
B-cell infiltration in the interstitium was assessed by immu-
nostaining for CD3 and CD20. Correlations of clinical and his-
tologic parameters with renal function at set time points
were examined. Results: The mean (SD) baseline estimated
glomerular filtration rate was 36 (20) mL/min/1.73 m2. ANCA
GN class distribution was 46% focal, 33% mixed, 12% scle-
rotic and 9% crescentic. The interstitial infiltrate consisted of
>50% CD3 positive cells in 69% of biopsies, but >50% CD20
positive cells only in 8% of biopsies. In a multiple linear re-
gression model, only baseline glomerular filtration rate (GFR)
correlated with GFR at 6, 12, and 18 months. Interstitial B-
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and T-cell infiltrates had no significant impact on long-term
prognosis, independent of the treatment limb. A differential
effect was noted only at 6 months, where a dense CD3 posi-
tive infiltrate predicted lower GFR in the RTX group and a
CD20 positive infiltrate predicted higher GFR in the CYC
group. Conclusions: In ANCA-associated GN, the interstitial
infiltrate contains mainly T lymphocytes. However, it is nei-
ther reflecting baseline renal function nor predictive of re-
sponse to treatment, regardless of the immunosuppression
regimen employed. ©2017 5. Karger AG, Basel

Introduction

The antineutrophil cytoplasmic antibody (ANCA)-as-
sociated vasculitis (AAV) syndromes granulomatosis
with polyangiitis (GPA) and microscopic polyangiitis
(MPA) are characterized by pauci-immune, necrotizing,
small-vessel vasculitis. The large majority of patients with
GPA and MPA have serum ANCA directed against neu-
trophil proteinase 3 (PR3) and myeloperoxidase respec-
tively. More than 75% of the patients develop renal in-
volvement, with rapidly progressive glomerulonephritis
(GN) resulting in end-stage renal disease or death in
more than 50% of patients at 5 years [1]. The develop-
ment of prognostic tools allowing treatment to be tailored
according to disease severity remains a major challenge.

T cells are the predominant cell type in the intersti-
tium of the kidney of patients with AAV; their presence
has been reported to correlate with serum creatinine at
the time of biopsy [2, 3]. The majority of published stud-
ies on histologic predictors of renal outcome are based
on cohorts receiving cyclophosphamide (CYC) for in-
duction therapy. CYC is an alkylating agent that has
profound effects on both B and T lymphocytes. Two
randomized controlled trials, the rituximab (RTX) in
ANCA-Associated Vasculitis Trial (RAVE) and the Ran-
domized Trial of RTX vs. CYC in ANCA-Associated
Vasculitis (RITUXVAS), have demonstrated that RTX is
as effective as CYC as induction therapy [4, 5]. RTX, a B-
cell depleting agent, is known to exert major quantitative
and qualitative changes on T lymphocyte subsets as well
[6-9]. The question thus arises whether CYC and RTX
have a differential effect on the tubulointerstitial infil-
trate in ANCA-associated GN and whether this has an
impact on prognosis.

Thus, this study evaluates T-cell and B-cell infiltrates
and ANCA GN class in patients who underwent a renal
biopsy in the RAVE trial with the aim of answering 2
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questions: (a) does quantification of T- and B-cell infil-
trates at baseline have any value in predicting long-term
renal outcome beyond that provided by traditional prog-
nostic markers, for example, estimated glomerular filtra-
tion rate? (b) Does T- and B-cell infiltrates at base line
result in different response to RTX vs. CYC?

Materials and Methods

Patients

The design and results of the RAVE trial have been published
previously in detail [4, 10, 11]. Patients were eligible for inclusion
in the RAVE trial if they met the following criteria: (1) diagnosis
of GPA or MPA, (2) positive serum PR3- or myeloperoxidase-
ANCA, (3) manifestations of severe disease (defined as that
which would be treated with CYC and glucocorticoids outside
the context of the clinical trial), and (4) a Birmingham Vasculitis
Activity Score for Wegener’s Granulomatosis greater than 3. Pa-
tients with either newly diagnosed or relapsing disease were eli-
gible for enrollment. Patients with serum creatinine >4 mg/dL,
pulmonary hemorrhage requiring mechanical ventilation, and
positive anti-GBM antibody were excluded. Eligible subjects
were randomized to receive either 4 doses of RTX at 375 mg/m?
or CYC at 2 mg/kg/day. After 3-6 months, subjects in the RTX
group received no maintenance therapy, while subjects in the
CYC group received azathioprine 2 mg/kg/day. Both groups re-
ceived high doses of glucocorticoids during induction followed
by a protocol-defined, dose-tapering regimen. In this study, we
analyzed patients with renal involvement defined as biopsy-
proven pauci-immune GN.

Histologic Evaluation and Immunohistochemistry Staining for

CD3 and CD20

Paraffin sections stained with silver, periodic acid-Schiff, he-
matoxylin and eosin, and trichrome were forwarded from study
sites to a single pathologist (S.S.) for central review. The biopsies
were first classified into focal, crescentic, mixed, and sclerotic
class according to the recently developed classification schema of
ANCA-associated GN [12]. Chronic changes were scored and
graded according to the newly proposed classification system [13].
Briefly, global and segmental glomerulosclerosis was scored from
0 to 3, tubular atrophy from 0 to 3, interstitial fibrosis from 0 to 3,
and arteriosclerosis from 0 to 1. The scores were then added (total
renal chronicity score) to grade the overall severity of the chronic
lesions into minimal (0-1 total score), mild (2-4 total score), mod-
erate (5-7 total score), and severe (=8 total score) [13].

Renal biopsy sections were then stained for CD3, a marker for
the whole T-cell population and for CD20, the B-cell target of RTX,
using immunohistochemical (IHC) methods. The extent of the in-
terstitial infiltrate in the renal parenchyma on the IHC slides was
semi-quantitatively scored on a scale of 0-3: score 0, no infiltrate;
score 1, when an infiltrate was present but in less than 25% of the
parenchyma; score 2, when the infiltrate was present in 25-50% of
the parenchyma; and score 3, when the infiltrate was present in
more than 50% of the parenchyma (Fig. 1).

Tissue sectioning and IHC staining was performed at the Pa-
thology Research Core (Mayo Clinic, Rochester, MN, USA) using

Geetha et al.




EE z
Ty
i
-y ]
A T vy
st 1 =
. - - 1
e f
B i i
. .
gl
L ']
a4
‘& -
E o
A,
f
1
&

Fig. 1. Kepreseniative i-r.|-||1n|'-h'i!-;l-.'lr.hr!'misrr:.r sr-'i:1ir._g tor oI5
aned CTR0 prsttive cel s % ocases, S0 eralnieg 15 sl oo the
Ieit colunr snd S0 el iglt colanue. Exch punel sepresenls
cabe cuse. & The top el shawes GG positee ool 3 prepte
than 5%, F.11':n|:|'.1.'r.1.1 vshee ) n bhe areresitom and alminse

Uhe Leica Bazd B3 slainer [Leical. Darmaln Bxed, nerarEn-rm-
Recded tissne was sectioned ab bornbcvans aad THC stalnliag was
pertaemied anling, Hlides B ST il were pelibeeed Jor 20 i
waiig Epibope Aelrieval ZTELYUA; Leiva). The CI020 prisnary anti

Trody $Chone L26; Dal] was ciluced o 1400 in Tockgrramd Re-
-.'I'.||.'i115 Thibiemt [Tozked and wenbased for 15 mlon SHdes fog O
stzine wars pemiewed For 30 min vslop Bpitape 2elzievad 2 TELYLA;
Legead, The CL03 pelimacy antibody (Claoe F7E3E Db was di

Twcbeed Ler 12000040 Burd A hody 1laent 1eiz) and incnbated e
15 1rin. The welsction wpslem msed was F'nh.r.nr'-"Rr’in-.': Tiekasction
Fyerern (Teaza), This syatem Includes fae lvCiopen porceiduss
Block, pest poiaany and oleoter peagen, LRAE, aid Hemnaboxelin
Linouazswstainiog visual Zlan wis schieved hy incuhating shides
1N min i DA aral AT badker (109 snixmared oo the Tend
Falymier Bedine Thetsotan Systoon. Do this poinn, slides were rinsed
Letween sleae with 14 Bend Wash Buller (Leical. %ides were
cocn lerslzined ey 3 min |:.':i115 Sobridt I'.:':1'.'|:'|I:|:'.':.'I:n,3r|,.,1 ranlcci-
lar kaplegy prads seater C1:0 mbsture), Ballewad by seeccal ises
b LX Bood wash boffer aod disiilled waler, Oros e immumno

chemistry process was comaleied, dices were Temored froon the
vlamner and rinsec in tan water for 5 ocomin, Aldes vere (iq_"|_'|:|-|_1_'.e_|'|_\_'|

Romal Tand T-Cell Infilseates o AMCA
LM

N i
T 1t
et b o
Bl il
- i &
-I - i T
: TEeat
A
v 5k B
A ] .IL- 1
L, 3
Iy Lo 3 el
=1 o = L, il T /=

complers absence (0 soove] of CLA0 positive cells in the intarsii
Livae (B] Lhe bt panel shows CI33 mosilive cells 350 preater
thar 503 _'.lu"-r:nch:.'rnn irensbvedd ) an the mierstitiom (e] and Iow
CTe pastive cells [1+, CLEY postbve in Soe than 259 of G pa
venchiyara ).

in mzrensing soncotrationss of clbyl akeobml and clearsd o 3
clodiiges ol xelene srier Ly perrnanenl cover shipping in wplens-
lizsed imedium

Shpniatioal fikialees

Ulee canadidace predicters oof vuboome were age, ANOA o,
Lrestmenl arm, el Elr-rn:"'nl-'.r filiatien mate at Daschoe
1R eeleelated by shie 2 wavinble RO focniila [14°, 1:j|}!,:5=,-
Slass, and the Jobersitial staimiog soooe fer C03F aad G220 The
FLLeIae paraleloes were LI al § reiitlzs (LA1EG), 12 mirths
TR, and L& months I'i{-l'l-':m:.

Canparisems af calsporizal vonzhles wors :__'.(':'J:i:ul':.'_f-n:' NPT
chi-raquire test or f Fabar sact bt depaondive o the oell sives
Conparisaas ol cantiauos vacialles were perlorned csing a WiHl-
coxun rank surm Lest Pearson’s aocrelalion enetfcicnt 5023 calon-
labecl o deterrnine arsaciatzons of clineal and ldstoloeic parurne
Tz with oubooune pataieiess. Mallple liseas regrassinm anabees
WHIE |:-::I'-.|r|r|ud Liviegirss Lhe precictive value of elintzal and bists-
legic varzhlos o renal antceme, Al staistical tests wece 2 sided
and a pealue of 005 wis consldered L indicale stacistical signifi
canee, Ul Ik 22,3 was vsed Gerall statisical analyses,

Am | Mephral 3017462373358
Lo | B LA SR | ]

i34

Colzsvmrezn read abdas nt e

o AL AL

T A

SR ORINTE SWTH

—men g



Table 1. Baseline clinical characteristics

RTX (n=16) CYC(n=17) pvalue

Age, years, mean (SD) 56 (15) 59 (10) 0.87
Gender, % >0.99

Female 50 47

Male 50 53
Race, % 0.48

Caucasian 94 100

African American 6 0
Body mass index, kg/m?, mean (SD) 30 (5) 29 (4) 0.38
Type of AAV, % 0.3

MPA 38 59

GPA 62 41
ANCA type, % 0.3

MPO 44 65

PR3 56 35
BVAS/WG (0-67), mean (SD) 7.5(2.07) 8.2(2.97) 0.76
Serum creatinine at entry, mg/dL, mean (SD) 2.5(0.86) 1.9(0.74) 0.05
MDRD eGFR at entry, mL/min/1.73 m? mean (SD) 29 (11) 43 (25) 0.06
VDI (0-64), mean (SD) 3.1 (2.59) 1.3(1.85) 0.04
C-reactive protein, mg/dL, mean (SD) 0.9 (0.77) 3.2 (4.37) 0.1
Erythrocyte sedimentation rate, mm/h, mean (SD) 38(19) 56 (32) 0.13
Serum albumin, g/dL, mean (SD) 5.8 (8.64) 3.3 (0.47) 0.06
Number of organs involved, mean (SD) 2.8(1.17) 3.1(1.34) 0.76
Alveolar hemorrhage, % 31 18 0.44

BVAS/WG, Birmingham Vasculitis Activity Score for Wegener’s Granulomatosis; VDI, Vasculitis Damage

Index.

Results

Of the 102 patients who had renal involvement in the
RAVE trial, 45 patients had biopsy-proven pauci-im-
mune GN, and the remaining 57 patients had a clinical
diagnosis of ANCA-associated GN. Thirty three of the 45
renal biopsies were available for evaluation. Because bi-
opsy blocks were not available for further cuts or because
sections contained no glomeruli, only 25 of these patients
had unstained slides available for CD3 and CD20 immu-
nohistochemical staining. Four patients had unstained
slides available only for CD3 staining, and the remaining
4 patients did not have unstained slides left.

Of the patients included in this study, 21 were newly
diagnosed and 12 had relapsing disease. ANCA GN class
distribution was 46% focal, 33% mixed, 12% sclerotic, and
9% crescentic. Baseline renal function and the vasculitis
damage index differed according to treatment arm (CYC,
n =17 and RTX, n = 16). Compared to patients treated
with RTX, the CYC group had a lower serum creatinine
(1.9 £ 0.74 vs. 2.5 £ 0.86 mg/dL) and a lower vasculitis
damage index (1.3 + 1.85 vs. 3.1 + 2.59; Table 1). Other
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baseline characteristics were not significantly different
between treatment arms. Overall, 31 patients achieved re-
mission with a median (range) time to remission of 60
(26-177) days. There was no difference in time to remis-
sion between the treatment arms.

All of the 29 biopsies that were evaluated had some
degree of CD3 positive interstitial infiltration (Fig. 2). In
a large majority of cases, the CD3 positive infiltrate was
prominent (>25% in 93%, >50% in 69%). In contrast, 14
of the 25 biopsies had no demonstrable infiltration with
CD20 positive cells (Fig. 3). Only a small minority fea-
tured a dense CD20 positive infiltrate (>25 in 12%, >50 in
8%).

In a univariate analysis (data not shown), there was no
correlation of interstitial CD3 and CD20 scores with
GFRy, GFRg, GFR 3, or GFR; in the entire cohort and in
the 2 treatment arms. There was no correlation of CD3
and CD20 scores with GN class, ANCA type, and new
versus relapsing disease.

In a multiple linear regression analysis (Table 2),
GFR was predictive of GFRs, GFRy,, and GFR;3. CD3
positive interstitial infiltrates were predictive of GFRg
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Table 2. Multiple linear regression model of clinical and pathological parameters with outcome in the entire study group (1 = 33)

Variable GFR4 GFR» GER;3
B (SE) pvalue B (SE) p value B (SE) p value
GFR, 0.8 (0.1) <0.001 0.7 (0.2) 0.018 1.4 (0.4) 0.012
CD3 infiltration -10.1 (4.4) 0.041 ~6.4(9) 0.5 -4.7 (15.9) 0.781
CD20 infiltration 53 (3) 0.107 3.1(5.6) 0.594 -3.8(8.9) 0.686
ANCA GN class (=focal) 5.9 (10.8) 0.596 12.4 (18.3) 0.521 15.4 (30.6) 0.635
ANCA GN class (=mixed) -16.3(13.5) 0.254 -1.3(24.4) 0.96 4.2(43.2) 0.926
ANCA GN class (=sclerotic) -26.6 (13.2) 0.069 ~10(26.7) 0.72 1.3 (38.6) 0.975
Chronicity score 0.8(1.3) 0.579 1.5(1.9) 0.454 1.4 (2.6) 0.629
Age -0.4(0.2) 0.152 -0.4(0.4) 0.327 -0.4(0.7) 0.648
BVAS/WG at entry -1.5(0.9) 0.134 -1.6 (1.3) 0.258 1.7 (2.2) 0.484
ANCA type (=PR3) -9.9(5.6) 0.107 -2.6 (11) 0.821 -1.1(19.7) 0.956
Alveolar hemorrhage (=yes) 7.9 (5.7) 0.193 8.2 (9) 0.39 1.4 (15.4) 0.929
Treatment arm (=CYC) -1.8(6.4) 0.788 6.9 (13.1) 0.613 7.7 (21.8) 0.74
15 20 1
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Fig. 2. Distribution of the biopsies according to the intensity of
interstitial infiltration with CD20 positive cells.

but not GFR;; or GFR;g. CD20 positive interstitial in-
filtrates were not predictive of GFRg, GFR 5, or GFR3.
Chronicity score was not predictive of GFRg, GFR;5, or
GFR;s3. When stratified by treatment arm (Table 3),
CD3 positive infiltrates correlated with a lower GFRg4
but did not predict GFR;, or GFRyg in the patients

Renal B and T-Cell Infiltrates in ANCA
GN

Fig. 3. Distribution of the biopsies according to the intensity of
interstitial infiltration with CD3 positive cells.

treated with RTX, while they did not correlate with
GER at any time point in the CYC arm. CD20 positive
infiltrates correlated with a better GFRg, but this did
only reach the limit of statistical significance in the
CYC-treated patients. There was no impact on GFR at
later time points.
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Table 3. Multiple linear regression model of CD3 and CD20 immunostaining with outcome in the 2 treatment arms

GFERg GFR;» GERy3
B (SE) pvalue B (SE) p value B (SE) pvalue
RTX (n =16)
CD3 -11.7 (4.2) 0.038 3.2(11.7) 0.803 -5.8(16.1) 0.779
CD20 14.8 (6.7) 0.079 20.9 (12.6) 0.195 8.8 (18.2) 0.712
CYC (n=17)
CD3 -22.1(11.4) 0.102 ~31.2 (17.0) 0.126 -19.1(16.2) 0.291
CD20 11.9 (4.6) 0.042 6.9 (5.7) 0.281 -6.1 (5.4) 0.309
Discussion present before the initiation of treatment and this may

The present study provides a detailed characterization
of the tubulointerstitial infiltrate in patients with renal
disease enrolled in the RAVE trial. The standardized
treatment and follow-up in the RAVE trial allowed the
determination of the predictive value of several clinical
and immunopathological characteristics and the exami-
nation of a potential differential effect according to treat-
ment limb.

In accordance with previous data [15], renal function
at the time of biopsy predicted renal outcomes in our
study cohort. The combination of baseline renal function
and histology has been shown to be a better predictor of
renal function compared to baseline renal function alone
[16-18]. Across several validation studies, the new histo-
logic classification of ANCA GN proposed by the inter-
national working group of renal pathologists has consis-
tently correlated with long-term renal outcome in focal
and sclerotic class, but has yielded variable results in cres-
centic and mixed class depending on the study cohort
(19]. However, in one study, GN class alone did not im-
prove prognostication after adjustment for established
prognostic factors such as age, baseline renal function,
degree of tubular atrophy, and percentage of normal
glomeruli {20]. Our data also show that GN class does not
independently predict long-term renal prognosis. Inter-
stitial fibrosis and tubular atrophy have been shown to be
predictors of long-term renal function in prior studies
(21, 22]. In contrast, we did not find any correlation of
chronicity score to long-term renal function and this may
beattributed to our small sample size. However, the study
by Hauer et al. [21] demonstrated that the relationship
between interstitial fibrosis and tubular atrophy with
GFR at 18 months was not independent of GFR at entry,
suggesting that these changes reflect damage that was
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explain our findings as well.

A pronounced interstitial infiltrate correlates with
poor renal function at baseline [23-25], but the effect
on 1-year renal function is variable. A positive correla-
tion between interstitial inflammation and renal func-
tion at 1 year was noted in a multicenter study by the
European vasculitis study group [24]. However, the ex-
tent of the interstitial infiltrate did not appear to predict
long-term renal function in a single-center study of 22
patients with GPA [23] as well as in a biopsy study of
28 patients included in the RTX arm of the RITUXVAS
study [25].

Further characterization of the interstitial infiltrates
revealed CD3 positive T cells to be the predominant cell
type [2, 3]. Our study confirms the predominance of CD3
positive T cells in the interstitium. There was a notewor-
thy CD 20 positive B cell interstitial infiltrate in only a
minority of biopsies. These findings suggest that the ther-
apeutic effects of RTX on the kidney disease may not be
mediated by depletion of B cells in the kidney, but rather
in the secondary lymphoid tissue where T-B cell interac-
tions may drive the pathogenic immune response.

We found no correlation between interstitial T-cell in-
filtrates in the diagnostic biopsy and GFR at 12 and 18
months. At first sight, these results may seem at odds with
the findings of the biopsy study of the RITUXVAS trial,
where T-cell-mediated lesions did predict renal outcome
[25]. However, a closer look reveals that the negative im-
pact of T-cell tubulitis was limited to GFR at 6 months
and 1 year but no longer significant at 2 years [25].

The strength of our analysis is that biopsies from pa-
tients on both CYC and RTX arms, who received similar
glucocorticoid dosing and tapering protocols, were evalu-
ated, allowing the study to tease out a potential differen-
tial effect of the type of immunosuppressive regimen on

Geetha et al.
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immunopathological processes and outcome. More in
particular, the issue whether B-cell-directed therapy may
be associated with under-treatment in the light of the T-
cell dominance in the inflammatory infiltrate could be
raised. When stratified by the treatment arm, a dense
CD3 positive infiltrate predicted lower GFR at 6 months,
only in the RTX group. There was no differential effect at
later time points. Whether these results can be explained
by the play of chance or truly represent a transient phase
of under-treatment by RTX is difficult to assess. At any
event, the absence of a long-term negative impact in the
RTX arm is what is clinically most relevant, commensu-
rate with the outcome of RAVE that demonstrated non-
inferiority of RTX vs. CYC.

At 6 months, a CD20 positive infiltrate predicted a
higher GFR, but this reached the level of statistical sig-
nificance only in the CYC group. Similarly, there was no
differential effect at later time points. These results are in
accordance with the absence of a significant impact of B
cells in the renal tissue on long-term renal outcome in the
RTX arm of RITUXVAS [25].

Interestingly, a study of repeat renal biopsies, before
and 12 months after the start of induction therapy with
CYC found a decrease in the number of CD 20 positive
cells, while the CD3 infiltrate remained unchanged [26].

Regrettably, no data on repeat renal biopsies exist follow-
ing RTX induction therapy.

A limitation of our study is the small sample size,
which may have failed to uncover an association of T- or
B-cell infiltrates with long-term renal function. However,
given the absence of any evidence in this study that stain-
ing renal biopsies for T and B cells is crucial in the selec-
tion of treatment regimens involving either RTX or CYC,
even a much larger study (impractical to perform) would
be unlikely to demonstrate a clinically important use of
such evaluations.

In conclusion, a majority of patients with ANCA-as-
sociated GN have an interstitial infiltrate consisting
mainly of T lymphocytes, independent of ANCA type or
GN class. Our data do not support a prognostic value of
either T-cell or B-cell infiltrates. Importantly, there is no
long-term differential effect according to the treatment
arm, consistent with the clinical observation that remis-
sion rates are similar in both CYC- and RTX-treated pa-
tients.
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