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ABSTRACT. Objective. Renal involvement is frequently present in primary antineutrophil cytoplasmic anti-
body-associated small-vessel vasculitis (AAV) as well as propylthiouracil (PTU)-induced AAV. We ana-
lyzed the characteristics of patients with PTU-induced AAV with renal involvement and investigated
the differences of the 2 diseases.

Methods. Thirty-six patients with PTU-induced AAV, diagnosed from 1997 to 2010, were enrolled for
study. Their data were compared with those of 174 patients with primary AAV diagnosed at the same
time. Renal involvement was present in all patients.

Results. There was a prominent proportion of young women with PTU-induced AAV (p < 0.01). They
had lower levels of proteinuria and serum creatinine and higher estimated glomerular filtration rate
(p<001,p<0.01,and p <0.01, respectively). Clinical immunological abnormalities were less severe
in patients with PTU-induced AAV. Patients with PTU-induced AAV had less organ involvement and
lower Birmingham Vasculitis Assessment Score than patients with primary AAV (p < 0.01). Renal biop-
sies showed a lower proportion of glomeruli with crescents (p < 0.01). Interstitial inflammation was less
severe in patients with PTU-induced AAV (p < 0.05). Similarly, interstitial fibrosis and tubular atrophy
were less severe in patients with PTU-induced AAV (p < 0.01, p < 0.05, respectively). Renal survival
and total survival were better in patients with PTU-associated vasculitis (p < 0.05, p = 0.01).
Conclusion. Clinical and histopathological abnormalities were less severe in patients with
PTU-induced AAV and most of them had a good prognosis. (First Release Jan 15 2012; J Rheumatol

2012;39:558-63; doi:10.3899/jrheum.110931)
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Antineutrophil cytoplasmic antibody (ANCA)-associated vas-
culitis (AAV) consists of a group of autoimmune diseases that
includes Wegener’s granulomatosis (WG), microscopic
polyangiitis (MPA), and Churg-Strauss syndrome (CSS) and
their localized forms. ANCA is the serological marker of those
diseases and is clinically relevant'2. ANCA could also be
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detected in some other forms of vasculitis, including
drug-induced vasculitis>.

Propylthiouracil (PTU) is one of the most common drugs
that induce AAV. We previously reported that renal involve-
ment was the most common manifestation of patients with
PTU-induced AAV4. However, the characteristics of patients
with PTU-induced AAV with renal involvement have not been
fully investigated except for a few case reports. In our study,
we investigated clinical and pathological features of those
patients, making detailed comparisons with patients with pri-
mary AAV.

MATERIALS AND METHODS

Patient selection and criteria. Patients with PTU-induced AAV diagnosed in
our department during the period 1997 to 2010 were retrospectively analyzed.
Their data were compared with data from patients with primary AAV from the
same period. Renal involvement was present in all the patients. Diagnosis of
PTU-induced AAV was based on the following criteria as we reported*”:
signs and symptoms of vasculitis were related to taking PTU; ANCA was
detected using indirect immunofluorescence (IIF) assay and antigen-specific
ELISA; other medical conditions that mimicked vasculitis were excluded,
especially infections, malignancies, and other definable type of vasculitis.
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Diagnosis of primary AAV was based on the criteria of the Chapel Hill
Consensus Conference 1994 and the American College of Rheumatology,
which included MPA, WG, CSS, and renal limited vasculitis (RLV)®78.
Renal involvement was defined as an elevated creatinine level attributable to
the disease (serum creatinine > 115 gmol/l) and/or urinary abnormalities (pro-
teinuria with protein > 300 mg/day and microscopic hematuria with > 10
erythrocytes/high-power field on 2 separate occasions in the absence of
urinary infection). Patients with antiglomerular basement antibodies,
Henoch-Schonlein purpura, cryoglobulinemic vasculitis, and polyarteritis
nodosa were excluded.

ANCA analysis. All patients had been tested for the presence of ANCA by IIF
(Euroimmun AG, Lubeck, Germany). ELISA was performed to test
antimyeloperoxidase (MPO) and antiproteinase 3 (PR3) antibodies in all sera
(Euroimmun AG) as reported*?.

Clinical data. The GFR was calculated using the simplified “modification of
diet in renal disease” formula!?, considering the highest serum creatinine at
diagnosis. Disease activity at initial clinical presentation was evaluated by the
Birmingham Vasculitis Assessment Score (BVAS) 200311,

Renal biopsies. Renal biopsy specimens were processed for both light
microscopy and IIF study. The glomerulus was scored separately for the pres-
ence or absence of crescents (cellular, fibrous). The number of glomeruli
revealing such lesions was expressed as a percentage of the total number of
glomeruli in the biopsy. Tubulointerstitial lesions such as interstitial fibrosis,
interstitial inflammation, and tubular atrophy were graded semiquantitatively
(scale 0 to 3; score O for absent, 1 for 0-20%, 2 for 20%-50%, 3 for > 50%).

Treatment. Treatment of patients with PTU-induced AAV was as described®.
Briefly, PTU was discontinued in all the patients with PTU-induced AAV.
Patients were treated with prednisone or prednisone together with cyclophos-
phamide depending on the clinical presentation after cessation of PTU only if
necessary. However, if patients presented with rapidly progressive glomeru-
lonephritis or active systemic manifestation at diagnosis, prednisone together
with cyclophosphamide was administered. Prednisone was given at a dose of
0.5-0.8 mg/kg for the first 1 to 2 months, with a tapering schedule during the
following months. Intravenous cyclophosphamide was given at a dose of 0.5
¢/1.73 m? and adjusted according to the patient’s leukocyte count. The stan-
dard treatment protocol of primary AAV was as described”.

Statistics. Statistical analysis was performed with SPSS 11.0 for windows
(SPSS Inc., Chicago, IL, USA). Data were presented as mean + SD, unless
otherwise indicated. Differences of qualitative results were compared by
chi-square test. Differences of quantitative variables between groups were
analyzed by t test (for normally distributed data) or nonparametric test (for
non-normally distributed data). Differences of semiquantitative results were
analyzed by Mann-Whitney U test. Kaplan-Meier curves were created to ana-
lyze patient survival as well as renal survival. A p value < 0.05 was consid-
ered statistically significant.

RESULTS

Demographic data. Thirty-six patients with PTU-induced
AAV were enrolled. Their data were compared with those of
174 patients with primary AAV (124 MPA, 24 WG, 21 RLV,
and 5 CSS) during the same time period. Renal involvement
was present in all patients.

Compared with the primary AAV patients, there were more
female patients in the PTU-induced AAV group (p < 0.01) and
they were younger (p < 0.01). There were fewer hypertensive
patients in the PTU-induced AAV group (p < 0.01).
Accordingly, systolic and diastolic blood pressure were both
lower in the PTU-induced AAV group (p <0.01 and p <0.01,
respectively). Details are summarized in Table 1.

Laboratory presentations. Compared with patients with pri-

mary AAV, more patients were positive for perinuclear-rANCA
by IIF in the PTU-induced AAV group (p < 0.05). By ELISA,
dual positivity for MPO-ANCA and PR3-ANCA was found in
4 patients with PTU-associated vasculitis. No patient with pri-
mary AAV had dual ANCA positivity. Immunology findings
showed that patients with PTU-induced AAV presented with
higher percentages of serum immunological abnormalities
(Table 2).

Renal involvement. Renal abnormalities are listed in Table 3.
Compared with primary AAV patients, patients with
PTU-induced AAV presented with lower levels of serum cre-
atinine and proteinuria, as well as higher estimated GFR (p <
001, p < 001, p < 0.01, respectively). Our results demon-
strated that patients with PTU-induced AAV presented with
less severe renal involvement in comparison with patients
with primary AAV.

Renal histology. Table 4 summarizes the histopathology of
patients who underwent renal biopsies. Compared with
patients with primary AAV, patients with PTU-induced AAV
had lower proportions of glomeruli with crescents (p < 0.01)
and interstitial inflammation was less severe (p < 0.01).
Similarly, interstitial fibrosis and tubular atrophy were less
severe in patients with PTU-induced AAV (p < 0.01,p <0.05,
respectively; Figure 1). The data showed that patients with
PTU-induced AAV had less severe histopathological lesions.

Extrarenal involvement. Patients with PTU-induced AAV pre-
sented with less severe extrarenal involvement at diagnosis in
comparison with patients with primary AAV. Lung involve-
ment was the most common organ manifestation in the 2
groups, which included hemoptysis, respiratory failure, or
radiographic infiltrations without evidence of infection.
However, fewer patients with PTU-induced AAV presented
with pulmonary involvement at diagnosis (p < 0.01). Further,
the proportion of nervous system involvement was lower in
patients with PTU-induced AAV (p < 0.01). Finally, patients
with PTU-induced AAV had lower BVAS at diagnosis than
patients with primary AAV (p < 0.01; Table 5).

Treatment and outcomes. For treatment of PTU-induced AAV,
prednisone was administered in 11 patients, and 17 patients
were treated with prednisone together with immunosuppres-
sant. The remaining 8 patients did not received immunosup-
pressive therapy. Compared with primary AAV patients,
patients with PTU-induced AAV experienced better overall
survival (p = 0.01; Figure 2) and a better renal survival rate
(p < 0.05; Figure 3). Thus, the results suggested that patients
with PTU-induced AAV had better prognosis.

DISCUSSION

PTU is a type of antithyroid drug that has been associated with
a variety of side effects including potentially life-threatening
or even lethal complications. ANCA-associated vasculitis
(AAV) is one of the severe side effects induced by PTU?; 4%
to 46% of patients treated with PTU could develop vasculi-
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Table 1. Comparison of demographic data at diagnosis.

Characteristic PTU-induced AAV, Primary AAV, p
n=36 n=174
Sex: no. female/total (%) 35/36 (97.2) 90/174 (51.7) <0.01
Age at presentation, yrs (range) 389+ 153 (18-75) 59.8 +14.9 (14-88) <0.01
Hypertension, n (%) 11 (30.6) 102 (58.6) <0.01
Systolic pressure, mm Hg 1214 £21.1 1353 £21.8 <0.01
Diastolic pressure, mm Hg 742 +£13.0 804 +11.7 <0.01

PTU: propylthiouracil; AAV: ANCA-associated vasculitis; ANCA: antineutrophil cytoplasmic antibody.

Table 2. Comparison of laboratory data at diagnosis.

PTU-induced AAV, Primary AAV, p
n=236 n=174

ANCA by immunofluorescence
p-ANCA, n (%) 34 (944) 137 (78.7)
¢c-ANCA, n (%) 1(2.8) 37 (21.3) <0.05
Atypical ANCA, n (%) 1(2.8) 0

ANCA by ELISA
MPO-ANCA only, n (%) 31 (86.1) 137 (78.7)
PR3-ANCA only, n (%) 1(2.8) 37 (21.3) NS
PR3-ANCA + MPO-ANCA, n (%) 4 (11.1) 0

Anemia, n (%) 15 (41.7) 146 (83.9) <001

Immunology, n (%)
ANA positivity 12 (33.3) 18 (10.3) <001
ENA positivity 3(8.3) 3(1.7) NS
IgG increased 8(22.2) 54 (31.0) NS
IgA increased 3(8.3) 34 (19.5) NS
IgE increased 3(8.3) 29 (16.7) NS
IgM increased 7(19.4) 529 <0.01
C3 decreased 3(8.3) 41 (23.6) NS
C4 decreased 1(2.8) 21 (12.1) NS
ESR increased 24 (66.7) 124 (71.3) NS
CRP increased 13 (36.1) 94 (54.0) NS

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; ANA: antinuclear antibodies; ENA: extractable
nuclear antigens; ANCA: antineutrophil cytoplasmic antibody; PTU: propylthiouracil; AAV: ANCA-associated
vasculitis; MPO: myeloperoxidase; PR3: proteinase 3; NS: nonsignificant.

Table 3. Comparison of renal involvement at diagnosis.

Variables PTU-induced AAV, Primary AAV, p

n =36 n=174
Gross hematuria, n (%) 5(13.9) 25 (14.4) NS
Proteinuria, mg/24 h 665.2 + 696.1 1527.8 £ 1568.7 <0.01
Serum creatinine, gmol/l 140.0 204 4 3633 +3169 <0.01
eGFR, ml/min 86.3 +48.6 36.5 +36.8 <0.01

PTU: propylthiouracil; AAV: ANCA-associated vasculitis; eGFR: estimated glomerular filtration rate; NS: non-
significant; ANCA: antineutrophil cytoplasmic antibody.

tis!2:13. Studies demonstrated that PTU could induce ANCA 414.15,16

cal course of the PTU-induced AAV was satisfactory

production and then trigger autoimmunity leading to AAV2?;
however, the dose and duration of PTU therapy might not cor-
relate to onset of the disease*. Since the mechanism of
PTU-induced AAV is different from that of primary AAV, the
clinical course of the 2 diseases might not be the same in some
ways. Although several reports have described that the clini-

the detailed differences between the 2 diseases remain
unclear. In this detailed comparison, we have described clini-
cal characteristics and laboratory aspects of PTU-induced
AAV that are unique compared to those of primary AAV.
This study and our previous report* both showed a pre-
dominance of young women among patients with
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Table 4. Comparison of renal histopathological findings at diagnosis.

PTU-induced AAV, Primary AAV, p
n =36 n=174
No. patients that underwent renal biopsy, n (%) 27 (75.0) 127 (73.0) NS
Percentage of glomerular lesions, mean + SD
Crescents 18.6 +24.8 344 +30.0 <0.01
Cellular 09+98 20.0 £24.5 <0.01
Fibrotic 109+174 11.0+20.8 NS
Necrosis 28+62 72+122 NS

PTU: propylthiouracil; AAV: ANCA-associated vasculitis; NS: nonsignificant.

A. Interstitial fibrosis

100
24,80
75
26.19 Of++4)
D{++)
50 m{+)
Wil ()
41.27
25 “‘ .
(T
7.94
0 +
I. PTU-induced AAV 11, primary AAY
C. Interstitial inflammation
100 11.11
14.81
75 T 56.35
| I Cl+++)
| | T ++)
50 | 62.96 il +}
m)
25 |
iy
11.11
0 i

|. PTU-induced AAV Il primary AAV

PTU-induced AAV. Similar results were found by other stud-
ies in a Chinese population as well as in Japanese pediatric
patients'+1%. Considering different prevalences of hyperthy-
roidism in males and females, gender differences might con-
tribute to these results. Further, recent studies pointed out that
more and more patients with primary AAV presented at an

B. Tubular atrophy
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Figure 1. Histopathology results: tubulointerstitial lesions were compared
between patients with propylthiouracil (PTU)-induced antineutrophil cyto-
plasmic antibody-associated small-vessel vasculitis (AAV) and patients with
primary AAV. Data represent percentages. A. I vs II: p<0.01. B. I vs II: p <
005.C.IvsIl: p<0.01.

elderly age!”-'®, and the advanced age in primary AAV at dis-

ease onset could also contribute to this discrepancy.

As for laboratory findings, our study showed a predomi-
nance of p-ANCA found by IIF in the 2 study groups. In
patients with PTU-induced AAV, p-ANCA positivity might be
related to the pathogenesis of the disease, that is, related to the
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Table 5. Comparison of extrarenal involvement and systemic symptoms at
diagnosis. Data are n (%) unless otherwise specified.

PTU-induced AAV, Primary AAV, p
n=36 n=174
Lung and lower airway 10 (27.8) 118 (67.8) <0.01
Cutaneous 6 (16.7) 20 (11.5) NS
Ear-nose-throat 13 (36.1) 54 (31.0) NS
Gastrointestinal tract 0 13(7.5) NS
Nervous system 0 31 (17.8) <0.01
Cardiovascular 0 5(29) NS
General
Fever 16 (44.4) 81 (46.6) NS
Weight loss 3(8.3) 34 (19.5) NS
BVAS, median (range) 13.5 (6-34) 21.0 (4-39) <0.01

PTU: propylthiouracil; AAV: ANCA-associated vasculitis; BVAS:
Birmingham Vasculitis Assessment Score; NS: nonsignificant; ANCA:
antineutrophil cytoplasmic antibody.
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Figure 2. Total survival of patients with PTU-induced AAV and primary
AAV.

interaction of PTU and its cytotoxic products and neu-
trophils2=-19. By contrast, the predominance of p-ANCA pos-
itivity in patients with primary AAV could be a result of the
constituent ratio of its clinical subgroups. Most patients with WG
presented with cytoplasmic ANCA (c-ANCA)/PR3-ANCA,
and p-ANCA/MPO-ANCA was found in more than half the
CSS patients with ANCA positivity, while 60% of patients
with  MPA had p-ANCA/MPO-ANCA and 30% had
c-ANCA/PR3-ANCAZ. Thus, different proportions of WG,
CSS, and MPA patients might lead to different percentages of

Renal Survival
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Figure 3. Renal survival of patients with PTU-induced AAV and primary
AAV.

p-ANCA/MPO-ANCA and c-ANCA/PR3-ANCA positivity.
In our study, patients with MPA, together with CSS and
RLV patients, made up the majority of all patients with
primary AAV and as a result, a predominance of
p-ANCA/MPO-ANCA was found.

Some of our patients with PTU-induced AAV were positive
for multiple ANCA; similar results were also found in vas-
culitis patients who had undergone antithyroid drug thera-
py!6:2021.2223 " Tn our study group with primary AAV, no
patient presented with multiple ANCA positivity. The mecha-
nism of multiple ANCA positivity in patients with
PTU-induced AAV might be related to B cell polyclonal acti-
vation. As well as the MPO- and PR3-ANCA, other ANCA
antigen targets such as human leukocyte elastase, lactoferrin,
bactericidal/permeability-increasing protein, cathepsin G, and
azurocidin could also be detected in PTU-treated patients;
however, MPO- and/or PR3-ANCA were constantly positive
in patients who developed vasculitis during the PTU therapy,
and there was a low frequency of MPO- or PR3-ANCA in
patients treated with PTU who had no signs of vasculi-
tis!219-24 Interestingly, the high proportion of multiple ANCA
positivity in patients with PTU-induced AAV did not correlate
to less severity of the disease. Further studies are needed to
investigate the different roles of ANCA in primary and sec-
ondary autoimmune diseases.

Regarding the clinical presentations, we found that patients
with PTU-induced AAV presented with mild renal involve-
ment. Accordingly, the level of serum creatinine and the GFR
were lower and proteinuria was less severe in those patients in
comparison with patients with primary AAV. Further, renal
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histopathology showed that patients with PTU-induced AAV
had less severe glomerular and tubulointerstitial lesions. The
lower severity of renal involvement was consistent with the
lower percentage of hypertensive patients among those with
PTU-induced AAV. It was also shown in our study that
patients with PTU-induced AAV had fewer constitutional
symptoms and less extrarenal involvement; thus patients had
lower BVAS scores than patients with primary AAV.
Considering the systemic presentation and renal involvement
at diagnosis, most patients with PTU-induced AAV had less
severe clinical manifestations than patients with primary
AAV; however, some exceptions occurred*. In this regard,
developing treatment strategies according to the clinical situ-
ation is a logical way to treat these patients.

In this study, renal prognosis and survival rates were better
in patients with PTU-induced AAV in comparison with pri-
mary AAV patients. One possible reason for the good progno-
sis is that PTU, which triggered the disease onset, was dis-
continued in all patients with PTU-induced AAV. Second,
most patients with PTU-induced AAV presented with mild
clinical course and histological lesions. Another possible rea-
son is that our patients were younger, and advanced age was
reported to be one of the risk factors of outcomes in patients
with vasculitis?*>.

PTU-induced AAV has its characteristic clinical and histo-
logical features. Compared with primary AAV, patients with
PTU-induced AAV had less severe clinical course and better
prognosis. However, severe cases do exist and early recogni-
tion and adequate treatment are still necessary to improve out-
come in this disease.
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