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Chapter 7

CHANGED CLINICAL ASPECTS

There were some recent changes in the daily practice of antineutrophil
cytoplasmic autoantibody (ANCA)-associated vasculitis (AAV) patients. Indirect
immunofluorescence (IIF) for the detection of ANCA is not standardly used anymore.
Recent study showed a large variability between different IIF methods and a high
diagnostic performance of proteinase (PR3)-ANCA and myeloperoxidase (MPO)-
ANCA by Enzyme-Linked Immuno Sorbent Assay (ELISA). Therefore, the use of both
IIF and ELISA testing of each sample is not necessary for maximal diagnostic accuracy.!
Currently a biopsy is still the golden standard for obtaining a diagnosis. In case a biopsy
is not possible or should be delayed, a presumptive diagnosis of AAV can be made
in case there is a high probability of AAV based on the clinical presentation, ANCA
positivity with ELISA and a low suspicion for another disease. With a presumptive
diagnosis, initial therapy can be started, although a biopsy should be obtained as soon
as possible to confirm the diagnosis.

The approach for initial therapy is based on the severity of the disease and the organs
involved. In case of non-organ-threatening and non-life-threatening disease, i.e. in the
absence of active glomerulonephritis, pulmonary hemorrhage etc., a regimen with
glucocorticoids and methotrexate can be given. Rituximab or cyclophosphamide can
be chosen instead of methotrexate. In case of organ-threatening or life-threatening
disease glucocorticoids in combination with cyclophosphamide or rituximab can be
started. In case of rapidly deteriorating kidney function, severe kidney dysfunction,
pulmonary hemorrhage or severe respiratory impairment, adjunctive plasma exchange
therapy is advised. Depending on local protocol, prophylaxis against opportunistic
infections during induction therapy is given, i.e. trimethoprim-sulfamethoxazole.? For
maintenance therapy glucocorticoids in combination with azathioprine or methotrexate
are mostly used, although rituximab is also being investigated as maintenance therapy
in the MAINRITSAN trial® and the RITAZAREM trial (RITAZAREM, ClinicalTrials.gov
Identifier: NCT01697267). The MAINRITSAN trial showed that at 28 months more
patients had remained in remission with rituximab compared to azathioprine. There was
no difference in severe adverse events.® The optimal duration for maintenance therapy
was investigated in the REMAIN trial. This study showed that 48 months of maintenance
therapy (azathioprine and prednisolone) had less relapses and an improved renal
survival at 48 months compared to 24 months maintenance therapy. There was no
difference in the incidence or severity of adverse events or patient survival between
both groups.* There is still controversy about the duration of glucocorticoids use.
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Summary and general discussion

ANTI-PLASMINOGEN AUTOANTIBODIES

It is a big challenge in AAV to detect the presence of anti-plasminogen autoantibodies
(a-PLG). We developed an optimized ELISA for the detection of a-PLG, focusing on
its usefulness in studies on AAV. We tested different assay set-ups. Purified lysine-
plasminogen (lys-PLG) showed better differentiation between positive samples and
negative samples compared to glutamic acid-plasminogen (glu-PLG). Therefore,
lys-PLG was used as coating antigen. With the optimized a-PLG ELISA we found the
presence of a-PLG in 14.3% of MPO-ANCA patients, whereas all our PR3-ANCA
patients tested negative in our newly developed assay.

The available studies on a-PLG show a discrepancy in the presence of these
autoantibodies in patients with AAV. We mainly detected a-PLG in MPO-ANCA
patients, while others detected these antibodies mainly in PR3-ANCA patients or in
both patient groups. These discrepancies could be due to differences in the assays
used in the studies.5” Examples of differences are different concentrations of coating
antigen, different conjugates, different samples (sera vs. purified immunoglobulin G),
and different definitions of positivity. We have combined important technical findings
and methods from the previous studies which have led to the optimized a-PLG assay
presented in chapter 2 of this thesis.

There are two main conformations of PLG, namely glu-PLG and lys-PLG, with glu-
PLG being the native form. Lys-PLG is formed after cleavage of a peptide consisting
of 77 amino acids at the N-terminal of glu-PLG and is an intermediate step towards
the formation of active plasmin.® Both conformations differ in physical and functional
properties.®! Lys-PLG is more efficiently activated by PLG activators than glu-PLG 1214
The different studies on a-PLG published so far did not define which subtype of PLG
was used for coating. For the assay developed by us, we used lys-PLG as coating,
because it was better at differentiating between positive and negative control samples

in our study.

The epitope(s) recognized by a-PLG in AAV are not yet fully defined. Different
autoantibodies against different (conformational) epitopes of PLG may exist and this
could (partly) explain the described discrepancies. Originally, a-PLG were described
in view of anti-complementary PR3 antibodies which were suggested to develop
within an idiotypic/anti-idiotypic antibody response.>!® Dual reactivity to PLG and
complementary PR3 (cPR3) was described in PR3-ANCA patients.® This scenario
assumed a combined presence of a-PLG with only PR3-ANCA and not MPO-ANCA.
The cPR3 sequence has similarities with genetic sequences of microbial and fungal
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Chapter 7

organisms that code for peptides large enough to be antigenic.?® If exogenous antigens
like peptides of micro-organisms cause the development of autoantibodies against
PLG, distinct geographic areas with different micro-organisms could influence the
development of these autoantibodies. On the other hand, our study together with those
of Berden et al. and Hao et al. reported the presence of a-PLG in MPO-ANCA patients
in the absence of PR3-ANCA .57 This makes the hypothesis regarding cPR3 and a-PLG
less likely. In addition, some studies describe a-PLG which did not react to denatured
PLG, plasmin or thrombin, while other studies showed cross-reactivity of antibodies
between PLG, plasmin and prothrombin.561618 More knowledge about pathogenic
epitopes is needed for further optimization of the a-PLG assay and to detect relevant
autoantibodies in patients. In the meantime, our currently proposed a-PLG assay can
be used for research purposes and further optimization.

The presence of a-PLG is associated with the presence of more active renal lesions in
the biopsy, i.e. fibrinoid necrosis and cellular crescents, and worse renal function at 1
year follow-up.® The idea is that fibrinoid necrosis is a product of a flaw in the vascular
repair system that fails to remove the fibrin clot caused by the vascular injury.¢-23
This flaw is caused by the inhibition of PLG due to a-PLG. In addition, the leaked fibrin
seems to stimulate extracapillary proliferation.?*2¢ This shows that the presence of
these antibodies has an influence on the severity of renal involvement. Therefore,
detecting these patients early with a validated a-PLG assay will help improve clinical
management of these patients with an improved renal outcome.

PREDICTION OF RENAL RELAPSE

One of the main questions in daily practice when confronted with patients with AAV is
how to recognize those who are at risk for disease relapse and whether relapses can
be prevented. Identifying patients at high risk of renal relapse may aid in optimizing
clinical management. Our study on risk factors for renal disease relapse showed that
the histopathological class of ANCA-associated glomerulonephritis (AAGN) and the
absence/presence of interstitial inflammatory infiltrates in the renal biopsy at diagnosis
are risk factors for renal relapse. More specifically, sclerotic class is associated with a
higher rate of renal relapse during long-term follow-up and the absence of interstitial
inflammatory infiltrates is associated with the risk of renal relapse.

Previous European Vasculitis Society (EUVAS) studies focused on predictive clinical
and serological parameters for relapse in general. Predictive parameters described
in the literature are the presence of PR3-ANCA, lower serum creatinine levels at
presentation, lung or cardiovascular involvement, and diagnosis of GPA.237 Our
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Summary and general discussion

finding that the absence of interstitial infiltrates in renal biopsies predicts renal disease
relapse is in line with better renal function increasing the risk for a relapse in general,
because absence of interstitial infiltrates also correlates with better renal function at
the time of biopsy.383° Interestingly, in a cohort of 535 patients, no clinical parameter at
baseline was associated with developing renal relapse.*® Our study showed histological
parameters at baseline that are risk factors for developing renal relapse. A clinical
manifestation that is described to be predictive of renal relapse is persistent hematuria
during follow-up.** Experiencing a renal disease relapse has a negative influence on
renal outcome and is associated with end-stage renal failure (ESRF).*>*? Therefore,
clinicians should realize that renal disease relapses must be identified and treated
as such.

In the sclerotic class most glomeruli are non-functioning with a decreased
compensatory ability of the kidneys. Therefore, renal relapse may become more readily
apparent and the functioning glomeruli may become more vulnerable to a second hit,
i.e. a relapse. In the focal, crescentic and mixed class, minor relapses may remain
subclinical. Patients with interstitial infiltrates (acute disease activity), have a more
aggressive clinical disease presentation, making it easier to diagnose the disease
early. Treatment will be started earlier and can therefore decrease the risk for renal
disease relapse. Therefore, clinicians must keep in mind that those patients with a
presumably benign clinical course at onset in particular might be prone to developing
arenal disease relapse.

We hypothesize that patients may have smoldering disease in the kidney in which renal
relapses may go by unnoticed in case of focal, crescentic and mixed class AAGN. This
phenomenon has been described in systemic lupus erythematosus patients after renal
transplantation, where subclinical class I, Il or Ill recurrences in the kidney have been
encountered unexpectedly in protocol biopsies of 22 patients from a total cohort of
41 patients.*®* Smoldering progression of disease may be devastating to the graft.**44
Smoldering disease in general and specifically in the upper and lower airways in AAV
has been described.***” In addition, autopsy studies in patients with AAV/GPA showed
that persistent airway inflammation is more common than has been appreciated
clinically.*® In our study cohort several patients achieved remission, did not experience
a renal disease relapse, but still developed ESRF after achieving remission. In these
patients ESRF could be the result of smoldering disease with subclinical renal relapses.

It is also possible that the histopathological classes represent distinct autoimmune
syndromes, rather than representing phases according to which the disease progresses.
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Chapter 7

In our cohort the ANCA-specificity was associated with the histopathologic class. PR3-
ANCA was associated with focal class biopsies and MPO-ANCA was associated with
sclerotic class. A recent genome-wide association study and meta-analysis in AAV
showed that the pathogenesis of AAV has a genetic component. The differences found
between GPA and microscopic polyangiitis (MPA) regarding genetic associations were
driven by ANCA-specificity and not by clinically defined syndromes. So, PR3-AAV and
MPO-AAV seem to have distinct genetic backgrounds and this supports the concept
that PR3-AAV and MPO-AAV might be two distinct autoimmune syndromes.*®%°

HISTOPATHOLOGICAL CLASSIFICATION OF ANCA-
ASSOCIATED GLOMERULONEPHRITIS

Several studies described an association between renal histological parameters and
renal outcome, for example percentage of normal glomeruli, crescentic glomeruli
and sclerotic glomeruli.383%51.52 This |ed to the introduction of a histopathological
classification of AAGN in 2010.%° This classification classifies each diagnostic renal
biopsy into one of four classes; focal, crescentic, sclerotic and mixed class, based
on the predominant glomerular phenotype. The first validation of this classification
system in 100 patients showed an association with ESRD and renal function at 1- and
5-year follow-up.53 Several subsequent validation studies confirmed this association
regarding focal and sclerotic class, but had contradictory results regarding crescentic
and mixed class.?* Our worldwide validation study also confirmed a favorable outcome
in the focal class and a poor outcome in the sclerotic class. Regarding crescentic and
mixed class, there was no difference between renal outcome. This is in contrast to the
findings of the original study, but is in line with results from 2 recent meta-analyses.5*5°

The overall histopathological classification showed to be associated with renal
function, even after correcting for other baseline parameters, and the development
of ESRD during follow-up. However, the crescentic and mixed class were indiscriminate
regarding renal function and developing ESRD. There are different possible
explanations for these conflicting results regarding crescentic and mixed class. First,
there could be differences between the patient populations studied. GPA, MPA and
ANCA-specificity are differently distributed around the globe.5¢57 Qur validation study
showed that the histopathological class and diagnosis are associated with each other,
and both variables are associated with renal outcome. Together, differences in patient
population could partly be an explanation for the conflicting results. Unfortunately,
our cohort was not large enough to analyze this hypothesis. Second, treatment
regimens could be different between the patients in the different validation studies.
Third, the interobserver agreement between nephropathologists was moderate in
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our validation study. It is hard to translate this finding to the clinical practice in a
one-on-one fashion, because of the differences in experience, but scoring the same
diagnostic biopsy differently can cause the observed differences between the studies.
Fourth, the current classification only incorporates normal, crescentic and sclerotic
glomeruli. Adding other histological parameters could possibly refine the classification
system. Fibrous crescents are not yet incorporated, although they showed to have
some predictive value for long-term renal outcome.?*%8 In addition, tubulointerstitial
parameters are not considered in the current histopathologic classification of AAGN,
while histological studies showed that tubulointerstitial parameters have an association
with renal outcome, even when used in addition to the histopathologic classification
of AAGN. 38395867 Qur study on renal relapse (chapter 3) and our validation study
(chapter 4) confirmed this association.®® Including tubulointerstitial parameters in the
classification system might lead to refinements for the prognostication of patients at
time of diagnosis.

The histopathological classification of AAGN is a valuable tool in the management
of patients with AAV, but in the near future, adjustments are needed to improve its
prognostic value, especially for the crescentic and mixed class. We are not considering
to lump the crescentic and mixed class, in particular because other studies showed
that cellular crescents are an important factor for predicting potential reversibility of
renal impairment during follow-up.3839%3 Adding tubulointerstitial parameters could
lead to refinements for the prognostication of patients at time of diagnosis, although
the poor to moderate interobserver agreement regarding tubulointerstitial variables
must also be considered. Currently, we are performing a study to evaluate a more
detailed scoring system for both glomerular and interstitial variables. Results from
that study will determine how to adjust the histopathological classification for AAGN
for more sophisticated prognostic value.

RENAL TRANSPLANTATION

Approximately 20-40% of patients with AAGN progress, with or without clinically
evident renal disease relapse, to ESRF.2476%70 One of the therapeutic options for
these patients is a renal transplantation. The Dutch cohort described in this thesis of
113 AAGN patients transplanted between 1984 and 2011 showed one year and five
year graft survival rates of 94.5% and 82.8%, respectively. This is similar to previous
studies on AAGN and to the general transplantation population in Europe and North
America.”8 The risk of experiencing a first disease relapse or renal disease recurrence
within five years of transplantation was 3.3% and 2.8% per patient year, respectively.
This is slightly higher compared to other studies, which described rates of 1.0-2.0%
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per patient year.”273757981 Renal disease recurrence was an important cause of graft
loss within the first five years after transplantation. Renal transplantation is a viable
treatment option for patients with ESRF due to AAGN with rather low renal disease
recurrence rates, but once renal disease recurrence has occurred the risk for graft
loss is considerable.

The DUTRAVAS study showed that disease recurrence in the renal graft can occur at
any time after transplantation. The first disease recurrence in the renal graft occurred
nine days after transplantation. This patient was transplanted with ongoing disease
activity, which explains the early recurrence. One patient even had a disease recurrence
in the renal graft after 142 months. Early (even within days after transplantation,
although transplanted during disease remission) and late recurrences of AAGN in the
graft have also been described by others.®2#5 This supports that disease recurrence
in the renal graft can occur at any time after transplantation. In case of deterioration
of renal function, proteinuria and hematuria, even several years after transplantation,
disease recurrence in the renal graft should be considered. Continuous and careful
monitoring of these patients is important.

An important clinical question with no current formal consensus is time to renal
transplantation after reaching clinical remission. A questionnaire sent out by Little
et al. to transplant units in different countries revealed that 100% of the transplant
physicians consulted (n=32) claim that a patient should be in remission at the moment
of transplantation.” One patient in our cohort was transplanted with ongoing disease
activity, had a renal disease recurrence and consequent graft loss within a month. An
association between renal transplantation <12 months after reaching clinical remission
and mortality was reported.”® No association was found between the duration of
remission before transplantation and disease relapse when taking three months of
remission as a cut-off point.”2 However, current practice seems to be delaying the
transplantation until the disease is in remission.”375:86.87

Another important question regarding renal transplantation in AAV is whether a patient
with a positive ANCA-test can be transplanted. There is still controversy whether a
patient must be ANCA negative at the moment of transplantation.”® Evidence is
accumulating that patients with a positive ANCA can be transplanted.5%7273:86-92 A paper
in 2013 pooled different studies and described an association between ANCA positivity
at transplantation and relapse rate, although they mention very scarce information
about how they pooled and analyzed these data.®* The DUTRAVAS study shows that
ANCA status at transplantation is not associated with renal disease recurrence and
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graft survival. The number of patients in the cohort was too small to discuss PR3-ANCA
and MPO-ANCA separately. Therefore, it seems that ANCA positivity at transplantation
is not predictive for disease relapse and/or graft loss, which suggests that a patient
with a positive ANCA can be transplanted safely. More research on this aspect is
needed.

In the DUTRAVAS-study, 36% (4/11) of the patients with disease recurrence in the
renal graft lost their graft due to the recurrence within five years after transplantation.
Renal disease recurrence in the graft was an important cause of graft loss in this
study; four of the 16 graft losses. Graft loss due to AAV recurrence in the graft has
also been described in other studies; range 18-60%.78%87.8%%1 Briganti et al. described
a cohort of 1505 patients with biopsy-proven glomerulonephritis due to various
causes transplanted between 1988 and 1997 in which at one, five and 10 years after
transplantation, recurrent glomerulonephritis was the third most common cause of
graft loss. Acute rejection, chronic rejection and death with a functioning graft were
more common. In the subgroup analysis, the same order of causes of graft loss was
found at 10 years for the pauci-immune crescentic glomerulonephritis patients.%
Concluding, renal disease recurrence is an important cause of graft loss and the risk
for graft loss due to disease recurrence is something clinicians must be aware of.

FUTURE ISSUES

Although a substantial amount of research has been performed and much insight in
AAV has been gained, there are still many questions for future research.

One of the clinical challenges in the care of AAV is to predict which patients will have a
(renal) relapse of the disease. As literature and our study showed, clinical parameters
and histologic lesions in the renal biopsy (glomerular and interstitial) might be of value
for this. Future research should focus on specifying these predictors and investigating
whether the current histopathological classification of AAGN needs adaptations.
These clinical and histological parameters can help the clinician in determining the
right therapy.

The use of ANCA titer to predict the course of disease, i.e. disease relapse, and
measure current disease activity is controversial. A biomarker which can help the
clinician regarding disease course would be very helpful for the clinical management.
Therefore, the search for a biomarker should continue. a-PLG, as described in this
thesis, has the potential to become such a biomarker to some extent. Other potential
biomarkers described in the literature that need further research are B-cells, cytokines,
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complement, inflammatory mediators (CXCL13, MMP-3, TIMP-1),°* hLAMP-2 and
urinary biomarkers (MCP1, CD 164, CD 25).°¢

One of the main questions regarding renal transplantation in AAV is how long a patient
should be in remission before being transplanted. Currently there is only weak evidence
that we should wait for at least one year.”® The ideal way to answer this question would
be an international randomized clinical trial (RCT) of countries with the same organ
donor system in which patients are transplanted after different remission times.

There has to be a balance between the risk for adverse events due to the therapy
and the chance for disease relapse. The last one still being a big challenge to prevent
and treat in AAV. The risk for disease relapse has not changed much for the last
few decades.*! Currently, rituximab with longterm maintenance therapy seems the
best option to treat disease relapse, although more research is needed in this field
with a RCT specifically focusing on patients with a severe disease relapse. It is also
investigated how to taper corticosteroid therapy.

An interesting therapeutic target is the complement system. A randomized trial showed
that C5a receptor inhibition with avacopan was an effective treatment in replacing
high-dose glucocorticoids in treating AAV patients with newly diagnosed or relapsing
disease.®®

Based on the different genetic background of PR3-ANCA and MPO-ANCA, it remains
the question whether these two are different disease modalities and whether they
should be treated differently. Until now PR3-ANCA and MPO-ANCA have been treated
the same way. These insights will provide us the opportunity to provide better patient-
tailored therapy.
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