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ABSTRACT
Objective. In ANCA-associated vascu-
litis (AAV), renal relapses are cause of 
concern as they are unpredictable and 
predictors of end-stage renal disease 
(ESRD). We aimed to assess the fre-
quency of major renal (MR) relapses in 
AAV and to identify independent base-
line predictors.
Methods. We performed a retrospective 
monocentric observational cohort study 
of patients affected by granulomatosis 
with polyangiitis (GPA), microscopic 
polyangiitis (MPA) and renal limited 
vasculitis (RLV), diagnosed from 2000 
to 2019, and who achieved clinical re-
PLVVLRQ�GHÀQHG�DV�%LUPLQJKDP�9DVFXOL-
tis Activity Index version 3 (BVASv3)=0 
and/or clinical judgment. MR relapse 
ZDV�GHÀQHG�DV�WKH�RFFXUUHQFH�RI�PDMRU�
items of renal BVASv3. Univariate and 
multivariable analysis was performed 
with competitive risk analysis.
Results. We included 96 patients: 73 
*3$�� ��� 03$� DQG� �� 5/9�� (LJKW\�ÀYH�
(90%) patients were ANCA-positive: 56 
c-ANCA/PR3, 28 p-ANCA/MPO and 1 
double positive. During the follow-up, 
17/96 patients developed at least one 
MR relapse, 2/96 progressed to ESRD 
and 3/96 died without events; 74 did 
not develop MR relapse. Patients with 
MR relapse were all ANCA positive and 
had higher frequency of skin (p=0.034), 
kidney (p=0.004) and nervous system 
(p=0.024) involvement and lower fre-
quency of ear, nose and throat (ENT) 
manifestations (p=0.043). At multi-
variable analysis, renal involvement 
DW�EDVHOLQH��V+5�����������FRQÀGHQFH�
interval (95% CI) 2.6-158.2, p=0.004) 
and remission-induction treatment 
without cyclophosphamide and/or 
rituximab (sHR 4.2, 95% CI 1.5-12.0, 
p=0.007) were independent predictors 
of MR relapses.

Conclusion. Baseline renal involve-
ment predicts MR relapse in AAV while 
intense initial treatment seems to be 
protective.

Introduction
Granulomatosis with polyangiitis 
(GPA), microscopic polyangiitis (MPA) 
and renal limited vasculitis (RLV) are 
anti-neutrophil cytoplasmic antibody 
(ANCA)-associated vasculitides (AAV) 
(1). Renal involvement occurs in a per-
centage ranging between 50% in GPA 
and 100% in RLV (2, 3) and it is usu-
ally associated with older age at AAV 
onset, positive ANCA serology, MPO 
VSHFLÀFLW\� DQG� OHVV� IUHTXHQW� HDU�� QRVH�
and throat (ENT) involvement (4, 5). 
5HQDO� PDQLIHVWDWLRQV� DUH� PRVWO\� GXH�
to crescentic glomerulonephritis and 
tubulo-interstitial vasculitis leading to 
D� VSHFWUXP� RI� FOLQLFDO� PDQLIHVWDWLRQV�
UDQJLQJ�IURP�XULQDU\�FDVWV�DQG�SURWHLQ-
XULD� ZLWK� SUHVHUYHG� UHQDO� IXQFWLRQ� WR�
DFXWH� NLGQH\� IDLOXUH� UHTXLULQJ� GLDO\VLV�
ZLWKLQ�IHZ�GD\V��������
Kidney involvement is critical since it 
DIIHFWV�GLVHDVH�SURJQRVLV�LQ�WHUPV�RI�UH-
lapse rate, renal and patients’ survival 
��������3DWLHQWV�ZLWK�UHQDO�PDQLIHVWDWLRQ�
at AAV onset are widely recognised as 
a subgroup with higher mortality and 
lower relapse rate, though relapse rate 
GLIIHUV� DFFRUGLQJ� WR�$1&$� VSHFLÀFLW\�
(7, 9). 
'XULQJ� WKH� IROORZ�XS�� WKH� RFFXUUHQFH�
RI� UHQDO� UHODSVHV� KDV� SURYHQ� WR� EH� DQ�
LQGHSHQGHQW� SUHGLFWRU� RI� HQG�VWDJH� UH-
nal disease (ESRD) (8). However, only 
IHZ� VWXGLHV� IRFXVHG� RQ� SUHGLFWRUV� RI�
renal relapses. Some authors reported a 
KLJKHU� ULVN�RI� UHQDO� UHODSVH� LQ� UHPLWWHG�
patients with persistent haematuria, but 
QRW�SURWHLQXULD�������*|oHURùOX�et al. ob-
VHUYHG�D�VLJQLÀFDQWO\�KLJKHU�ULVN�RI�UHQDO�
UHODSVH�LQ�SDWLHQWV�ZLWK�LQWHUVWLWLDO�LQÀO-
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WUDWHV�DQG�VFOHURWLF�FODVV�DW�ÀUVW�UHQDO�EL-
opsy (11). A recent study conducted on 
WKH�$$9�FRKRUW�RI�WKH�(XURSHDQ�YDVFX-
litis study group randomised controlled 
WULDOV� �(89$6�5&7V��IDLOHG� WR� LGHQWLI\�
DQ\� LQGHSHQGHQW�SUHGLFWRUV�RI� UHQDO� UH-
lapse (8). It should be noted that all these 
VWXGLHV�ZHUH�SHUIRUPHG�LQ�FRKRUWV�ZKHUH�
WKH�SUHYDOHQFH�RI�03$�DQG�UHQDO�$$9�DW�
disease onset was much higher than that 
reported in observational cohorts (2, 3): 
thus, they might not closely resemble a 
typical clinical setting.
Some authors observed that AAV re-
lapses are more likely to occur in the 
same organ involved at disease onset 
(12), while a recent paper showed that 
���� RI� SDWLHQWV� ZLWK� UHODSVLQJ� $$9�
H[SHULHQFHG�PDQLIHVWDWLRQV�LQ�D�QHZ�RU-
gan during the disease relapse (13).
2XU�DLP�ZDV�WR�DVVHVV�WKH�FOLQLFDO�IHD-
WXUHV� DQG� IUHTXHQF\� RI� PDMRU� UHQDO�
(MR) relapses in GPA, MPA and RLV 
SDWLHQWV� DQG� WR� LGHQWLI\� LQGHSHQGHQW�
SUHGLFWRUV�RI�05�UHODSVHV��,Q�DGGLWLRQ��
we evaluated whether having a spe-
FLÀF�RUJDQ� LQYROYHPHQW�DW�$$9�RQVHW��
i.e.�NLGQH\�GLVHDVH��FRXOG�EH�D�ULVN�IDF-
WRU� IRU�05�UHODSVH�� LUUHVSHFWLYH�RI� WKH�
ANCA subset.

Methods
:H� SHUIRUPHG� D� UHWURVSHFWLYH� PRQR-
centric observational study where we 
DQDO\VHG�WKH�GDWD�RI�DOO�*3$��03$�DQG�
RLV patients regularly seen in the Vas-
FXOLWLV� &OLQLF� RI� 5KHXPDWRORJ\� 8QLW��
3DGRYD�8QLYHUVLW\�+RVSLWDO��,WDO\�IURP�

January 2000 to July 2019. We consid-
HUHG�WKH�IROORZLQJ�LQFOXVLRQ�FULWHULD��
*3$��03$�RU�5/9�GLDJQRVLV�IXOÀOOLQJ�
EMA algorithm criteria (14).
$FKLHYHPHQW� RI� UHPLVVLRQ� ZDV� GH-
ÀQHG�DV�WKH�DEVHQFH�RI�YDVFXOLWLV�PDQL-
IHVWDWLRQV� DFFRUGLQJ� WR� %LUPLQJKDP�
Vasculitis Activity Score version 3 
�%9$6Y�� ��DQG�RU�FOLQLFDO�MXGJHPHQW�
�SHUIRUPHG�E\�$$9�H[SHUW�SK\VLFLDQV��
We excluded all remitted patients who 
GHYHORSHG� (65'� EHIRUH� UHPLVVLRQ��
(65'� ZDV� GHÀQHG� DV� HVWLPDWHG� JOR-
PHUXODU�ÀOWUDWLRQ�UDWH��H*)5��FDOFXODW-
HG�ZLWK�&.'�(3,�IRUPXOD����������PO�
PLQ�RU�UHTXLULQJ�FRQWLQXDWLYH�GLDO\VLV�
0DMRU� UHQDO� �05�� UHODSVH�ZDV�GHÀQHG�
DV�WKH�RFFXUUHQFH�RI�DW�OHDVW�RQH�PDMRU�
LWHP� RI� UHQDO� %LUPLQJKDP� 9DVFXOLWLV�
$FWLYLW\� 6FRUH� YHUVLRQ� �� �%9$6Y���
�´1HZ�ZRUVH� KDHPDWXULD���� 5%&V�
KSIµ� DQG�RU� ´1HZ�ZRUVH� ULVH� LQ� VH-
UXP� FUHDWLQLQH� !����RU� IDOO� LQ� FUHDWL-
QLQH� FOHDUDQFH� !���µ�� $FFRUGLQJ� WR�
%9$6Y�� ´1HZ�ZRUVHµ� VKRXOG� EH� DS-
SOLHG� LI� ´WKH� IHDWXUHV� KDYH� VWDUWHG� RU�
GHWHULRUDWHG�LQ�WKH�SDVW�PRQWK�RU�LI�WKH�
PDQLIHVWDWLRQV� LV�QHZ�IRU�GHÀQLWLRQ�DV�
VHUXP� FUHDWLQLQH� !���� RU� IDOO� LQ� FUH-
DWLQLQH� FOHDUDQFH� !���µ�� ������ 2WKHU�
FDXVHV�RI�KDHPDWXULD�DQG�UHQDO�IXQFWLRQ�
decrease than vasculitis relapse were 
ruled out. 
This study was conducted in compli-
ance with the Good Clinical Practice 
SURWRFRO�DQG�WKH�'HFODUDWLRQ�RI�+HOVLQ-
ki principles and was approved by the 
ORFDO�,QVWLWXWLRQDO�5HYLHZ�%RDUG�

Patients’ assessment
:H� FROOHFWHG� WKH� IROORZLQJ� GDWD� DW� WKH�
WLPH� RI� GLDJQRVLV� �EDVHOLQH�� LQ� DOO� SD-
tients: demographic and clinical data, 
including updated Charlson comorbidity 
index (uCCI) (17); laboratory variables: 
haemoglobin (Hb), erythrocyte sedi-
mentation rate (ESR), C reactive protein 
(CRP), creatinine, eGFR calculated with 
&.'�(3,�IRUPXOD�������SUHVHQFH�RI�XUL-
nary casts, proteinuria >1+ and protein-
XULD� !���� J�GDLO\��$1&$� VHURORJ\� DQG�
VSHFLÀFLW\�� RUJDQ� LQYROYHPHQW�� GLVHDVH�
DFWLYLW\�DVVHVVHG�E\�%9$6Y��DQG�GDP-
age accrual assessed by Vasculitis Dam-
age Index (VDI) (18). 
We also recorded all immunosuppres-
VDQWV� �,6�� DGPLQLVWHUHG� IURP� EDVHOLQH�
XQWLO� WUHDWPHQW�ZLWKGUDZDO�RU� ODVW� IRO-
low-up (LFU), glucocorticoid pulses 
(GC pulses), plasma exchange (PEX), 
WKH�GDWH�RI�ÀUVW� UHPLVVLRQ�� WKH�GDWH�RI�
ÀUVW�05�UHODSVH��WKH�GDWH�RI�(65'�DQG�
death. Minor renal relapses were not 
considered because deemed less reli-
able in a retrospective data collection.

Statistical analysis
All remitted patients were allocated in 
two subgroups: patients without MR 
relapses and patients with MR relapses 
GXULQJ�WKH�IROORZ�XS�
6KDSLUR�:LON� WHVW� ZDV� SHUIRUPHG� WR�
test normality. Continuous variable 
were expressed as mean and standard 
deviation (SD) or median, minimum 
(min) and maximum (max) or median 
DQG� ,�,,,� TXDUWLOHV� �4��4���� DV� DSSUR-

Fig. 1. Flow chart showing the distribution 
RXU�SDWLHQWV�ZLWK�*3$�03$�5/9�IURP�GLDJ-
QRVLV�WR�WKH�ODVW�IROORZ�XS�
GPA: granulomatosis with polyangiitis; 
MPA: microscopic polyangiitis; RLV: renal 
limited vasculitis; ESRD: end stage renal dis-
HDVH��05��PDMRU�UHQDO�
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priate. Categorical data were express as 
numbers and percentages. 
Comparisons between the two groups 
ZHUH� SHUIRUPHG� ZLWK� 0DQQ�:KLWQH\�
WHVW� RU� W�WHVW� IRU� LQGHSHQGHQW� VDPSOHV��
ZKLOH� IRU� FDWHJRULFDO� YDULDEOHV�ZH� DS-
SOLHG� )LVKHU� WHVW� RU� &KL� VTXDUH� WHVW� DV�
appropriate.
Univariate and multivariable Fine and 
Gray (F&G) sub distribution hazard 
�V+5��PRGHO�ZDV�DSSOLHG�WR�LGHQWLI\�WKH�
EDVHOLQH�SUHGLFWRUV�RI�ÀUVW�05�UHODSVH�
with ESRD and death as competing 
risks. Each sHR was reported with its 
VSHFLÀF�����FRQÀGHQFH�LQWHUYDO������
&,���'XH�WR�WKH�UHODWLYHO\�ORZ�IUHTXHQF\�
RI�HYHQWV�DQG�WKH�ULVN�RI�RYHUÀWWLQJ��ZH�
SHUIRUPHG�VHYHUDO�PXOWLYDULDEOH�PRGHOV�
with three variables, as recommended 
by Peduzzi et al. and reported in other 
SDSHUV���������������:H�SHUIRUPHG�WZR�
VHWV�RI�PXOWLYDULDEOH�DQDO\VLV��$OO�PRG-
els included remission-induction treat-
ment, categorised as cyclophosphamide 
�&<&��RU�DQG� ULWX[LPDE� �57;� versus 
RWKHUV�� EHFDXVH� DVVRFLDWHG� WR� VLJQLÀ-
FDQWO\� GLIIHUHQW� UHODSVH� UDWH� ���������
ZKLOH� WKH� VHFRQG�FRYDULDWH�ZDV�GLIIHU-
HQW�LQ�WKH�WZR�VHWV��,Q�WKH�ÀUVW�VHW�ZH�LQ-
FOXGHG�DJH�>D�SUHGLFWRU�RI�ORZHU�UHODSVH�
rate in one our previous study (4)], and 
LQ�WKH�VHFRQG�VHW�35��$1&$�VSHFLÀFL-
W\��D�ZHOO�NQRZQ�SUHGLFWRU�RI�UHODSVH�����
9). In all models, the third variable was 
selected based on literature data or vari-
ables with p������DW�XQLYDULDWH�DQDO\VLV��
Complete renal histopathology at base-
OLQH�ZDV�UHWULHYHG�LQ�RQO\�D�PLQRULW\�RI�
patients, so it was not included in the 
analysis. The best multivariable model 
was selected according to the Akaike 
LQIRUPDWLRQ� FULWHULRQ� �$,&�� �WKH� ORZ-
HVW�$,&�LGHQWLÀHG�WKH�EHVW�PRGHO�DQG�D�
PRGHO�ZDV�FRQVLGHUHG�VXSHULRU�LI�Ƌ$,&�
was greater than 2). 
Fine and Gray sub proportional sub 
distribution hazard models were per-
IRUPHG�ZLWK�6$6�VRIWZDUH��9HUVLRQ������
ZKLOH�DOO�RWKHU�DQDO\VLV�ZDV�SHUIRUPHG�
with ,%0�6366�6WDWLVWLFV�IRU�:LQGRZV��
v. 25.0.

Results
Among the 130 GPA, MPA and RLV 
SDWLHQWV�IROORZHG�LQ�RXU�8QLW�IURP�-DQ-
uary 2000 to July 2019, 104 met the in-
FOXVLRQ�FULWHULD��2XW�RI�WKHP����SDWLHQWV�

Table I.�'HPRJUDSKLFV�DQG�FOLQLFDO�IHDWXUHV�DW�EDVHOLQH�DQG�WUHDWPHQW�GXULQJ�WKH�IROORZ�XS�
in all patients and according to whether or not they developed MR relapse.

 OVERALL Patients with Patients without p
� 1R���� MR relapse MR relapse
� � Q ��� Q ���

$JH��PHGLDQ��4��4���� ���� ������� ����������� ����������� 0.558
Female, n. (%)  51  (53) ������� 45  (57) 0.104
GPA, n. (%) ���� ����� ��������� ��������
03$�5/9��Q����� 23  (24) 5  (29) 18  (23) 0.545
Diagnosis decade
2000-2010, n. (%) 22  (23) 5  (29) 17  (21)
�����������Q������ ���� ����� ��������� ��������� �����
ANCA negative, n. (%) ������ ������ ����  (0.0) ������������
F�$1&$�35���Q������ ������� ������� �������������� �������������
S�$1&$�032��Q������ ������� ������� ������������� �������������
Double positivity, n. (%) ������ ����� ���� (0.0) ����������� 0.347a

X&&,��PHGLDQ��4��4����Q����� ����������������������������0  (0-1)                  0  (0-1)                   0  (0-1) 0.498
Diagnostic latency, months, median 4  (0-84) 2  (0-7) 4  (0-84) 0.065 
   (min-max), n. 95 
+LVWRORJLFDOO\�FRQÀUPHG�GLDJQRVLV�� ���� ����� �������� ��������� 0.007 
   n. (%), n. 94 
+RVSLWDOLVDWLRQ��Q������� ���� ����� ��������� ��������� �����
:%&�FHOO[��3�X/��PHGLDQ��4��4����Q������ ������ ����������� ����������������� ����������������� �����
+E��J�GO��PHGLDQ��4��4����Q����� ������ ����������� ���������������� ����������������� �����
PTLs, elx10��X/��PHGLDQ��4��4����Q����� ����� ���������� ��������������� �������������� 0.410
(65��PP�K��PHDQ��6'���Q����� ������ ������� ������������� ������������� �����
&53��PJ�/��PHGLDQ��4��4����Q����� ���� ��������� �������������� ������������� 0.072
&UHDWLQLQH��PJ�GO�PHGLDQ��4��4����Q����� ����� ��������� 1.9  (1.0-2.9) �������������� �����
H*)5��PHGLDQ��4��4����Q����� ������ ������������ ������������������ ������������������ �����
H*)5����PO�PLQ��Q�������Q����� ���� ������� ����������� ����������� 0.074
Organ involvement:
6\VWHPLF�V\PSWRPV��Q������ ���� ������� ����������� ����������� �����
(17�LQYROYHPHQW��Q������ ���� ������� ���������� ����������� 0.043
/XQJ�LQYROYHPHQW��Q������ ���� ������� ����������� ����������� 0.056
Skin involvement, n. (%) 21  (21.9) 7  (41.2) 14  (17.7) 0.034
Eye involvement, n. (%) n. 95 11  (11.5) 2  (11.8) 9  (11.4) 1.000
CV involvement, n. (%) n. 95 3  (3.2) 0  3  (3.8) 1.000
GI involvement, n. (%) n. 95 4  (4.2) 0  4  (5.1) 1.000
5HQDO�LQYROYHPHQW��Q������ ���� ������� ����������� ����������� 0.004
1HXURORJLFDO�PDQLIHVWDWLRQV��Q������ ���� ������� ���������� ����������� 0.024

%9$6Y���PHDQ��'6�� ������ ����� ����������� 18.1  (8.1) 0.007
VDI, median (min-max), n. 92 0  (0-4) 0  (0-3) 0  (0-4) 0.049

PEX, n. (%), n. 93 11  (12) ������ ��������� �����
GC pulses, n. (%), n. 89 37  (42) 8  (57) 29  (39) 0.198
Remission induction IS
None, n. (%) 7  (7) 0  (0) 7  (9)
&<&��Q������ ���� ����� ��������� ��������
RTX, n. (%) 13  (14) 0  (0) 13  (17)
07;��Q������ ���� ����� ������� ��������
00)��Q������ ��� ���� ������� ��������
AZA, n. (%) 12  (13) 5  (29) 7  (9)
Others, n. (%) 2  (2) 0  (0) 2  (3) 0.093
5HPLVVLRQ�LQGXFWLRQ�WUHDWPHQW�GXUDWLRQ�� ����� ������ ������������ ��������� ������
���PRQWKV��PHGLDQ��4��4����Q�����
7LPH�WR�UHPLVVLRQ��PRQWKV��PHGLDQ� ��� ������ ����������� ��������� ������
����4��4����Q�����
*&�ZLWKGUDZDO��Q������ ���� ����� ��������� ��������� �����
/HQJWK�RI�*&�WUHDWPHQW��PRQWKV��PHGLDQ� ���� �������� ������������������� ������������ 0.009
����4��4����Q�����
)8�WLPH��PRQWKV��PHGLDQ��4��4���� ������ ������������ ������������� ������������ 0.008

p<0.05, p 0.10-0.05, anot considered double positivity.
05��PDMRU�UHQDO��*3$��JUDQXORPDWRVLV�ZLWK�SRO\DQJLLWLV��03$��PLFURVFRSLF�SRO\DQJLLWLV��5/9��UHQDO�
limited vasculitis; ANCA: anti-neutrophil cytoplasmic antibody; PR3: proteinase 3; MPO: myeloper-
R[LGDVH�� X&&,�� XSGDWHG�&KDUOVRQ� FRPRUELGLW\� LQGH[��:%&��ZKLWH� EORRG� FRXQW��+E�� KDHPRJORELQ��
PTLs: platelets; ESR: erythrocyte sedimentation rate; CRP: C reactive protein; ENT: ear, nose and 
WKURDW��&9��FDUGLRYDVFXODU��*,��JDVWURLQWHVWLQDO��H*)5��HVWLPDWHG�JORPHUXODU�ÀOWUDWLRQ�UDWH��%9$6Y���
%LUPLQJKDP� YDVFXOLWLV� DFWLYLW\� VFRUH� �YHUVLRQ� ����9',�� YDVFXOLWLV� GDPDJH� LQGH[�� 3(;�� SODVPD� H[-
change; CYC: cyclophosphamide; RTX: rituximab; MTX: methotrexate; MMF: mycophenolate; AZA: 
D]DWKLRSULQH��*&��JOXFRFRUWLFRLG��)8��IROORZ�XS�
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were excluded due to incomplete data 
�DOO� FOLQLFDO� IHDWXUHV� RI� H[FOXGHG� SD-
tients were reported in Supplementary 
Table S1). Our patients were mostly 
&DXFDVLDQ�������DQG�ZHUH�FODVVLÀHG�DV�
IROORZV�����*3$�����03$�DQG���5/9��
The diagnosis was histologically con-
ÀUPHG�LQ�����RI�FDVHV��0HGLDQ�IROORZ�
XS� WLPH�ZDV� �����PRQWKV� �������������
VLJQLÀFDQWO\� ORQJHU� LQ� 05� UHODSVH�
JURXS�>���PRQWKV���������@�WKDQ�LQ�05�
UHODSVH�IUHH�JURXS�>���PRQWKV����������
p �����@�
5HVXOWV�RI�$1&$�WHVWLQJ�ZHUH�DYDLODEOH�
in 94 patients; 85 (90%) were ANCA 
SRVLWLYH�������������F�$1&$�35������
�������� S�$1&$�032� DQG� �� GRXEOH�
positive. 
'XULQJ� WKH� IROORZ� XS�� ��� �������� KDG�
at least one MR relapse, while 74 re-
mained in stable renal remission until 
/)8��,Q���SDWLHQWV�UHQDO�IXQFWLRQ�ZRUV-
ened to ESRD without clear evidence 
RI�DFWLYH�YDVFXOLWLV� DQG���SDWLHQWV�GLHG�
without ESRD or MR relapse (Fig. 1). 
GC and IS treatment was available in 
������ SDWLHQWV�� ����� �������� SDWLHQWV�
ZHUH�RQ�*&�DQG���������������ZHUH�RQ�
IS treatment when the MR relapse oc-
curred; i.e. 5 azathioprine (AZA) and 5 
mycophenolate (MMF). 
In the MR relapse group, one patient 
GHYHORSHG�(65'�DIWHU�05�UHODSVH�DQG�
DQG�RQH�GLHG� WKUHH�\HDUV� DIWHU� WKH�05�
relapse. 
In Table I we listed the demographics 
DQG� FOLQLFDO� IHDWXUHV� DW� EDVHOLQH� LQ� DOO�
patients, and according to whether or 
not they developed MR relapse.
05�UHODSVHV�ZHUH�IRXQG�RQO\�LQ�$1&$�
SRVLWLYH� SDWLHQWV�� KRZHYHU�� QR� GLIIHU-
ences were observed in the ANCA 
VSHFLÀFLW\��F�$1&$�35��vs.�S�$1&$�
MPO) between patients with or without 
MR relapse (100% vs. 88%, p ��������
The subgroup analysis showed that pa-
tients with MR relapse had higher rate 
RI� F�$1&$�35�� VSHFLÀFLW\� FRPSDUHG�
WR�S�$1&$�032�VSHFLÀFLW\��������vs. 
31.2%, p �������
05�UHODSVH�JURXS�KDG�D�KLJKHU�IUHTXHQ-
F\� RI� VNLQ� �p �������� UHQDO� �p �������
and neurological (p �������LQYROYHPHQW�
DQG�D�ORZHU�IUHTXHQF\�RI�HDU��QRVH�DQG�
throat (ENT) involvement (p ��������
Renal involvement at baseline was ob-
VHUYHG� LQ� ������ SDWLHQWV�ZKR� ODWHU� GH-

YHORSHG�05�UHODSVHV��%\�FRQWUDVW��RQO\�
���������SDWLHQW�ZLWKRXW�UHQDO�LQYROYH-
ment at baseline experienced a MR 
UHODSVH�GXULQJ� WKH� IROORZ�XS��%9$6Y��
VFRUH� ZDV� VLJQLÀFDQWO\� KLJKHU� LQ� 05�
UHODSVH� JURXS� >���������� vs. 18.1(8.1), 
p �����@�
Univariate and multivariable analy-
VLV�ZHUH�SHUIRUPHG� LQ����SDWLHQWV� ����
events) who had complete records. The 
results are reported in Table II.
8QLYDULDWH� DQDO\VLV� VKRZHG� D� VLJQLÀ-
cant association between MR relapses 
and skin, renal and neurological in-
volvement at baseline (sHR 3.1, 95%CI 
1.2–8.3, p ����������������&,����²������
p ����������������&,����²�����p �������
UHVSHFWLYHO\���%9$6Y��ZDV�DOVR�DVVRFL-
ated with MR relapses (sHR 1.1, 95% 
CI 1.1–1.2, p�������. Male sex, ENT 
LQYROYHPHQW� DQG� H*)5���� PO�PLQ�
were not associated to MR relapse, but 
they had p������DQG�ZHUH� LQFOXGHG� LQ�
the multivariable models (male sex: 
V+5���������&,����²�����p �������(17�
involvement: sHR 0.4, 95% CI 0.1–1.1, 
p ������ DQG� H*)5���� PO�PLQ�� V+5�
2.8, 95% CI 1.0–8.1, p �������
In multivariable analysis, higher risk 
RI�05�UHODSVH�ZDV�LQ�SDWLHQWV�ZLWK�RE-
served renal involvement at baseline 
�V+5����������&,����²�������p �������
DQG� LQ� WKRVH� WUHDWHG�ZLWKRXW�&<&� RU�
and RTX (sHR 4.2, 95% CI 1.5–12.0, 

p �������� &�$1&$�35�� VSHFLÀF-
ity showed a trend to higher MR re-
lapse risk (sHR 2.5 95% CI 0.9–7.1, 
p ��������7DEOH�,,��
In Supplementary Tables S2 and S3 we 
reported all multivariable models with 
WKH� PRGHO� ÀWQHVV� FRHIÀFLHQWV� �$,&�
6%&� DQG� Ƌ$,&�Ƌ6%&� vs. the best 
model).

Discussion
7KH� UHVXOWV� RI� RXU� VWXG\� VKRZHG� ORZ�
MR relapse rate in our cohort (about 
����� WKDW� ZDV� VLJQLÀFDQWO\� KLJKHU�
in patients with renal involvement at 
EDVHOLQH�DQG�QRW�WUHDWHG�ZLWK�&<&�DQG�
or RTX. In ANCA-negative patients 
we did not observe any MR relapses 
DQG� RQO\� RQH� RI� WKH� ��� SDWLHQWV� ZKR�
experienced MR relapses had no renal 
involvement at baseline.
2XU� UHVXOWV� LQGLUHFWO\� FRQÀUP�� DOVR� LQ�
clinical practice setting, that remission-
induction IS regimes based on CYC 
DQG�RU� 57;� FRXOG� UHVXOW� LQ� D� VLJQLÀ-
cantly prolonged remission and lower 
relapse rate, as previously demonstrat-
ed in some RCTs (21, 23).
7KH� VLJQLÀFDQWO\� KLJKHU� 05� UHODSVH�
rate in patients with renal involvement 
DW�EDVHOLQH�ZDV�DQ�LQWHUHVWLQJ�ÀQGLQJ�RI�
RXU�VWXG\�VLQFH�IHZ�VWXGLHV�KDYH�HYDOX-
ated the organ involvement at the time 
RI� GLDJQRVLV� DQG� GXULQJ� 05� UHODSVH�

Table II.�%DVHOLQH�SUHGLFWRUV�RI�05�UHODSVH��5HVXOWV�RI�XQLYDULDWH�DQG�PXOWLYDULDEOH��EHVW�
model) analysis.

                   Univariate analysis*                 Multivariable analysis*

Variables sHR (IC95%) p sHR (IC95%) p

Age  1.0  (0.9-1.0) ����� -  -
Sex (male vs.�IHPDOH��� ����� ��������� ����� -  -
F�$1&$�35��VSHFLÀFLW\� ����� ���������� ������ ����� ���������� �����
Systemic symptoms 3.9  (0.5-29.5) 0.187 -  -
ENT involvement  0.4  (0.1-1.1) 0.083 -  -
Lung involvement  3.1  (0.8-13.2) 0.114 -  -
Skin involvement 3.1  (1.2-8.3) 0.025 -  -
Eye involvement 0.8  (0.2-3.3) 0.707 -  -
Renal involvement ����� ���������� ����� ������ ������������ �����
H*)5��� 2.8  (1.0-8.1) 0.052 -  -
Nerve involvement 2.7  (1.1-7.1) 0.039 -  -
%9$6Y� 1.1  (1.1-1.2) ������ -  -
Remission induction treatment ����� ���������� ������ 4.2  (1.5-12.0) 0.007 
����RWKHUV�YV�&<&�57;��

*DQDO\VLV�ZDV�SHUIRUPHG�RQ�������SDWLHQWV�
05��PDMRU� UHQDO�� V+5�� VXEGLVWULEXWLRQDO�KD]DUG� UDWLRV�� F�$1&$��F\WRSODVPLF� DQWL�QHXWURSKLO� F\WR-
SODVPLF�DQWLERG\��35���SURWHLQDVH����(17��HDU��QRVH�DQG�WKURDW��H*)5��HVWLPDWHG�JORPHUXODU�ÀOWUDWLRQ�
UDWH��%9$6Y���%LUPLQJKDP�YDVFXOLWLV�DFWLYLW\�VFRUH��YHUVLRQ�����&<&�57;��F\FORSKRVSKDPLGH�DQG�
or rituximab.
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VR� IDU�� ,Q� ������ VRPH�$XWKRUV� IRXQG�
WKDW� WKH�VHYHULW\�RI�GLVHDVH�PDQLIHVWD-
tions during relapses was similar or 
greater than at disease onset in limited 
GPA and they reported the occurrence 
RI� QHZ� RQVHW� UHQDO� LQYROYHPHQW� GXU-
LQJ� GLVHDVH� UHODSVHV�� %\� FRQWUDVW�� WKH�
IUHTXHQF\� RI� UHQDO� LQYROYHPHQW� GXU-
ing disease relapses in MPA and non-
limited GPA was reported to be lower 
WKDQ� WKDW� REVHUYHG� DW� EDVHOLQH� ������
+RZHYHU�� WKRVH�GDWD�PLJKW� QRW� UHÁHFW�
the current AAV course since the man-
DJHPHQW� RI�$$9�KDV� LPSURYHG� LQ� WKH�
meanwhile (27-29). Cartin-Ceba et al. 
UHSRUWHG� WKDW� VXEVHTXHQW� UHODSVHV� LQ�
RTX-treated GPA were similar to the 
ÀUVW�UHODSVH�LQ�WHUPV�RI�VHYHULW\��EXW�WKH�
VSHFLÀF�RUJDQ�LQYROYHPHQW�REVHUYHG�DW�
disease onset and during relapses was 
not reported (30). Two studies in the 
ODVW�GHFDGH�VSHFLÀFDOO\�IRFXVHG�RQ�RU-
gan involvement at disease onset and 
during relapses with contrasting re-
sults. Chen et al.�IRXQG�WKDW�XS�WR�����
RI�UHODSVHV�RFFXUUHG�LQ�WKH�VDPH�RUJDQ�
LQLWLDOO\� DIIHFWHG� ������ ZKLOH� 2XWK� et 
al.�REVHUYHG�D�FRQVLVWHQW�IUHTXHQF\�RI�
UHODSVHV� LQYROYLQJ� QHZ� RUJDQV� ������
������1RWDEO\��$1&$�VSHFLÀFLW\� LGHQ-
WLÀHV�$$9�VXEVHWV�ZLWK�VSHFLÀF�RUJDQ�
involvement at baseline  (9, 31), thus 
it is expected that the same organ in-
volvement may occur during relapse, 
as well. 
2XU� ÀQGLQJV� DUH� LQ� FRQWUDVW� ZLWK� WKH�
VWXG\�RI�:HVWHU�7UHMR�et al.�ZKR�IRXQG�D�
VLJQLÀFDQW�UDWH�RI�UHQDO�UHODSVHV�������
LQ�SDWLHQWV�ZLWKRXW�DQ\�HYLGHQFH�RI�UH-
nal involvement at baseline and did not 
ÀQG�DQ\�SUHGLFWRUV�RI�UHQDO�UHODSVH������
+RZHYHU��WKH�:HVWHU�7UHMR·V�VWXG\�ZDV�
D� SRROHG� DQDO\VLV� RI� UDQGRPLVHG� FRQ-
trolled trials which considered patients 
ZLWK� FOLQLFDO� IHDWXUHV� GLIIHUHQW� IURP�
those enrolled in our cohort (8).
$OWKRXJK� ZH� ZHUH� XQDEOH� WR� FRQÀUP�
SUHYLRXV�ÀQGLQJV�RI�F�$1&$�VSHFLÀFLW\�
DV� DQ� LQGHSHQGHQW�SUHGLFWRU�RI� UHODSVH��
ZH�IRXQG�D�WUHQG�RI�KLJKHU�05�UHODSVH�
rate in c-ANCA PR3 positive patients. 
7KH�ODFN�RI�VLJQLÀFDQFH�PD\�EH�GXH�WR�
WKH�UHODWLYH�VPDOO�VDPSOH�VL]H�RI�RXU�FR-
KRUW�DQG�WKH�ORZ�IUHTXHQF\�RI�HYHQWV��
There are some limitations in our study. 
First, we restricted our analysis to MR 
relapses as we deemed this outcome 

more consistent with the retrospective 
GHVLJQ�RI�RXU� VWXG\��3DWLHQWV�ZLWK�05�
UHODSVH�XVXDOO\� HQWDLO� D� IDVW� UHIHUUDO� WR�
the vasculitis centre, so they have a 
ORZ� SUREDELOLW\� RI� EHLQJ� RYHUORRNHG�
RU� PLVVHG�� 7KH� VHFRQG� OLPLWDWLRQ� RI�
RXU� VWXG\� LV� WKDW�SDWLHQWV�ZLWK� VSHFLÀF�
PDQLIHVWDWLRQV�DW�EDVHOLQH�VXFK�DV�NLG-
ney vasculitis might have been more 
closely monitored, resulting in a more 
UHOLDEOH�GHWHFWLRQ�RI�UHQDO�YDVFXOLWLV�UH-
currence. This bias, however, was mini-
PLVHG�E\�WKH�DIRUHPHQWLRQHG�FKRLFH�RI�
a consistent outcome, and by the mono-
FHQWULF�GHVLJQ�RI�RXU�VWXG\�WKDW�HQVXUHG�
D� XQLIRUP� IROORZ�XS� LQ� RXU� FRKRUW�� ,Q�
our centre we routinely test creatinine 
DQG� XULQDO\VLV� DW� HDFK� IROORZ�XS� YLVLW��
LUUHVSHFWLYH�RI�GLVHDVH�VHYHULW\�RU�RUJDQ�
involvement at baseline, and remitted 
patients are visited at least twice a year. 
)LQDOO\��ZH�GLG�QRW�HYDOXDWH�WKH�UROH�RI�
remission-maintenance treatment with 
,6�DQG�*&�DW� WKH� WLPH�RI�UHODSVHV��GH-
VSLWH� HYLGHQFH� WKDW� WKH\� FRXOG� VLJQLÀ-
FDQWO\�DIIHFW�$$9�FRXUVH��6RPH�5&7V�
showed that RTX was superior to AZA 
DQG� FRVW�HIIHFWLYH� LQ� UHODSVH� SUHYHQ-
WLRQ� ���������ZKLOH�00)�ZDV� LQIHULRU�
to AZA (35). GC withdrawal was also 
DVVRFLDWHG� ZLWK� D� KLJKHU� ULVN� RI�$$9�
relapses ������$OWKRXJK�ZH�GLG�QRW�DQD-
O\VH� WKH� UROH� RI� PDLQWHQDQFH� WKHUDS\��
our data seem to be in line with the cur-
rent evidence. Indeed, during vasculi-
WLV� UHFXUUHQFH�� WKH�PDMRULW\�RI�SDWLHQWV�
were on IS treatment, mainly AZA or 
MMF, but none was on RTX and about 
KDOI�RI�WKHP�ZHUH�RII�*&�WUHDWPHQW�
%HLQJ�RXU�VWXG\�FDUULHG�RXW�LQ�RQH�RI�WKH�
larger monocentric AAV Italian cohort 
DQG� VSDQQLQJ� RYHU� DOPRVW� ��� \HDUV� RI�
IROORZ�XS��LW�WKXV�UHSRUWV�ORQJ�WHUP�GDWD�
DERXW�$$9� PDQDJHPHQW� LQ� D� UHDO�OLIH�
FOLQLFDO�VHWWLQJ��7KHUHIRUH��RXU�GDWD�DUH�
H[WUHPHO\� LQIRUPDWLYH� IRU� SK\VLFLDQV��
also keeping into account that RCTs are 
IRFXVHG�RQ�´VHOHFWHGµ�SDWLHQWV�DQG�WKXV�
WKH\�FRXOG�SRRUO\�UHÁHFW�WKH�KHWHURJHQH-
LW\�DQG�FRPSOH[LW\�RI�WKH�$$9�SDWLHQWV�
observed in everyday clinical practice. 
Notably, RCTs on GPA and MPA tend 
to skew the evidence towards a patients’ 
subset characterised by higher severity 
DQG�KLJKHU�UDWH�RI�UHQDO�YDVFXOLWLV�FRP-
pared with those enrolled in observa-
tional cohorts (3).

Conclusion
In our cohort, GPA, MPA and RLV 
patients with renal involvement at the 
WLPH�RI�GLDJQRVLV�KDG�KLJKHU�ULVN�RI�05�
relapse, while initial treatment regimen 
EDVHG�RQ�&<&�DQG�RU�57;�VHHPV�WR�EH�
SURWHFWLYH��+RZHYHU��WKH�DEVHQFH�RI�UH-
nal involvement at disease onset does 
not completely rule out the occurrence 
RI� D�05� UHODSVH�� HVSHFLDOO\� LQ�$1&$�
positive patients.
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