CLINICAL RESEARCH

REPORTS

KIReports.org

W) Check for updates

Histologic Case Definition of an Atypical
Glomerular Immune-Complex Deposition
Following Kidney Transplantation

Kuo-Kai Chin'?, Vivek Charu®, Michelle M. O’'Shaughnessy”*®, Megan L. Troxell* and
Xingxing S. Cheng”

'Stanford University School of Medicine, Stanford University, Stanford, California, USA; 2Department of Medicine, Brigham
and Women’s Hospital, Brookline, Massachusetts, USA; Department of Pathology, Stanford University Medical Center,
Stanford, California, USA; “Department of Medicine, Division of Nephrology, Stanford University Medical Center, Stanford,
California, USA; and ®Department of Nephrology, Cork University Hospital, Cork, Ireland

Introduction: Immune-complex deposition in the transplanted kidney can present as well-phenotyped
recurrent or de novo glomerular disease. However, a subset, herein termed immune-complex glomerul-
opathy not otherwise specified (ICG-NOS), defies classification. We quantified, categorized, and charac-
terized cases of transplant ICG-NOS occurring at a single US academic medical center.

Methods: We retrospectively reviewed our single-institution pathology database (July 2007-July 2018) to
identify and categorize all cases of immune-complex deposition in kidney allografts (based on immuno-
fluorescence microscopy). We extracted clinicopathologic and outcome data for ICG-NOS (i.e., immune
complex deposition not conforming to any well-characterized glomerular disease entity).

Results: Of 104 patients with significant immune deposits, 28 (27%) were classified as ICG-NOS. We
created 5 mutually exclusive ICG-NOS categories: Full-house, Quasi-full-house, IgA-rich, C1qg-rich, and
C1g-poor. Overall, 16 (57%) patients met criteria for definite or possible allograft rejection, including 9
(32%) with antibody-mediated rejection (ABMR), 3 (11%) suspicious for ABMR, 1 (4%) with T-cell-mediated
rejection (TCMR), and 9 (32%) with borderline TCMR. After a median follow-up of 2.3 (range, 0.1-14.0)
years after biopsy, 7 (25%) allografts had failed and an additional 8 (29%) had persistent renal dysfunction
(hematuria, 14%; proteinuria, 21%; and estimated glomerular filtration rate <60 ml/min per 1.73 m?, 11%).

Conclusion: In contrast to prior studies, our findings suggest that ICG-NOS is not necessarily a benign
glomerular process and that there may be an association between ICG-NOS and alloimmunity. Our
immunofluorescence-based classification provides a framework for future studies aiming to further
elucidate ICG-NOS pathogenesis and prognosis.
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mmune-complex deposition in the transplanted kid-

ney can occur in the setting of a recurrent or de novo
glomerular process, most commonly a well-phenotyped
systemic or kidney-limited autoimmune disorder (e.g.,
lupus nephritis, membranous nephropathy, IgA ne-
phropathy). However, cases failing to conform to
recognized disease patterns, herein termed ICG-NOS,
have also been described. In particular, prior literature
describes case series of Clg-dominant nephropathyl’2
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and IgM-dominant nephropathy’ in the kidney allo-
graft while commenting on their uniqueness compared
with other disease patterns.

However, existing studies lack a systematic
approach to case identification and definition and thus
report heterogeneous phenotypes and outcomes.
Another nonarchetypical phenotype is that of non-
lupus full-house nephropathy, defined as full-house
immunofluorescence (IF) staining (i.e., positive stain-
ing for IgA, IgG, IgM, C3, and Clq) in the absence of
other clinical or immunologic features of systemic
lupus erythematosus. Nonlupus full-house nephropa-
thy has been associated with poor clinical outcomes
when affecting the native kidney,”” although outcomes
in the transplanted kidney have not been described.
Clg-dominant cases include those with variable
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amounts of IgG, IgM, and C3 (along with Clq) immune
deposition, and have generally been associated with
benign clinical outcomes when occurring in the
transplanted kidney."” In contrast, [gM-dominant im-
mune deposition in the transplanted kidney has been
associated with concurrent transplant rejection, albeit
without significant differences in graft survival
compared with matched transplanted kidney pa-
tients.”® Although these studies have been important
in drawing attention to the phenomenon of ICG-NOS in
the kidney allograft, they have tended to focus on
specific features or subtypes of ICG-NOS rather than to
examine the entire spectrum of disease, resulting in
nonuniform and at times conflicting case definitions,
nomenclatures, and conclusions. Accordingly, the
incidence, spectrum, pathophysiology, clinical charac-
teristics, and outcomes of post-transplant ICG-NOS
remain enigmatic.

We designed and conducted the following study to
systematically examine kidney allograft biopsies with
evidence of immune-complex deposition by IF micro-
scopy referred to a single academic institution. We
aimed to (i) characterize the pathologic spectrum of
ICG-NOS; (ii) propose a system for categorizing cases of
ICG-NOS, using objective and externally applicable
histologic case definitions; and (iii) describe clinical
characteristics and outcomes in ICG-NOS, including
comparisons across subgroups and to the existing
literature.

METHODS

The Stanford University School of Medicine Pathology
Department provides nephropathology services to the
Stanford Healthcare Kidney Transplant Program (adult)
and the Lucile-Packard Children’s Hospital Kidney
Transplant Program (pediatric). Kidney allograft bi-
opsies are generally performed for a clinical indication
in adults, whereas both protocol and indication bi-
opsies are performed in children. Biopsy specimens are
processed using standard protocols for light (LM), IF,
and electron microscopy (EM).”® At our center, IF
studies are performed on transplant biopsies only at the
interpreting pathologist’s discretion.

With the approval of the Stanford University Insti-
tutional Review Board (#37478), 1 renal pathologist
(MLT) retrospectively searched for kidney transplant
biopsies with an IF panel performed, and reviewed
kidney allograft biopsy reports between July 2007 and
July 2018 to assemble our cohort. We included all
patients who had at least 1 transplant kidney biopsy
referred to our department during the study period
and for which IF was performed. Thereafter, we
excluded cases with negative immune staining, a
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maximum of trace intensity staining for all immune
reactants, with less than 2+ C3 and/or IgM staining as
the only positive IF finding, or with C3 and/or IgM
occurring only in a segmental sclerosis pattern as the
only positive IF finding. The full biopsy reports for
cases of interest were then reviewed by 2 renal pa-
thologists (MLT and VC) as well as by 2 nephrologists
with expertise in glomerular disease (MMOS) and
transplant nephrology (XSC). Cases were categorized
using standard histopathologic criteria in to well-
phenotyped glomerular diseases (Supplementary
Table SI). Conflicting opinions were handled by dis-
cussion and consensus. Cases failing to conform to a
well-phenotyped histopathologic disease entity were
designated as ICG-NOS and formed the focus of this
study, all of which ultimately had at least 1+ IgG, IgA,
and/or Clq (Figure 1).

To arrive at an IF-based categorization systemic for
ICG-NOS, we considered the following:

(i) IF patterns identified in our cohort, using a heat
map to visualize common clusters, and

(if) ICG-NOS categories reported in the prior literature,
with particular attention to reports of Clg- and

IgM-rich deposits." *’

For each patient with ICG-NOS, the index allograft
biopsy slides and EM images were reviewed in-depth
by a renal pathologist (MLT). All LM, IF, and EM
features were characterized and quantified according to
standard approaches. For LM, we recorded the number
of glomeruli sampled, % global sclerosis, % segmental
sclerosis, % crescents, % interstitial fibrosis and
tubular atrophy, presence/absence of peritubular
capillaritis, presence/absence of C4d staining, presence/
absence of cellular rejection, and additional glomerular
findings per Banff, including glomerular proliferation,
leukocyte exudation, and basement membrane dupli-
cation.” ' We defined mesangial changes (hyper-
cellularity) as per the 2003 ISN/Renal Pathology Society
classification for lupus nephritis (with mesangial
hypercellularity or proliferation defined as 3 or more
mesangial nuclei per mesangial zone), based on insti-
tutional practice. Other options included the Banff
definition: “expansion of the matrix in the mesangial
interspace to exceed the width of 2 mesangial cells in
the average in at least 2 glomerular lobules,””"'*"") or
the updated lupus classification defining hyper-
cellularity as 4 or more mesangial nuclei, with a
perceived lower sensitivity in detecting subtle mesan-
gial changes.'' For IF, we recorded presence, pattern,
and intensity of C3, IgG, IgA, IgM, Clq, kappa, and
lambda staining. Finally, EM images were evaluated for
the presence and location of electron-dense deposits,
glomerular basement membrane changes, and podocyte
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]

Total transplant kidney biopsies n=2204 IgA nephropathy n =40
J, Lupus nephritis n=12
Patients with IF on at least 1 biopsy n=238 Membranous nephropathy n=15 \L

Patients with immune complex deposition n =104

C3 glomerulopathy n=3

Monoclonal GN

Infection-associated GN n=2

n=4 Full-house (+lgG/IgM/IgA/C3/C1q) n =3
Quasi-full-house (+lgG/C3/C1q) n =10

IgA-rich (IgA (co-)dominant) n=3

Immune Complex GN NOS n = 28 C1g-rich (C1q+, IgG-) n=6

C1g-poor (C1g-, IgG+) n=6

Figure 1. Case selection algorithm. Also see Table 1. GN, glomerulonephritis; IF, inmunofluorescence; NOS, not otherwise specified.

effacement. For patients with more than 1 kidney bi-
opsy occurring before or after the index case, biopsy
reports also were reviewed.

Patient electronic medical records for all cases of
ICG-NOS were then comprehensively reviewed by 2
investigators (KKC and XSC) to extract data for pre-
defined clinical variables, including demographics (age,
sex, race, ethnicity), type of transplant (living or
deceased donor), time since transplant, cause of end-
stage renal disease and whether this was histological-
ly confirmed, relevant laboratory findings (serum
creatinine, quantified urine protein and blood donor-
specific antibody, antinuclear antibody, and comple-
ment C3 and C4 testing), immunosuppressive therapies
prescribed before and after the index biopsy, and
infection history (concurrent active infection and/or
history of viral activation since transplantation). Long-
term patient outcomes (including serum creatinine,
urine protein and blood, allograft survival, and patient
survival at last follow-up) also were recorded.

For statistical analyses, we compared LM, IF, EM,
and clinical findings across ICG-NOS subgroups. Cate-
gorical variables were compared using Fisher’s exact
test and continuous variables using Kruskal-Wallis test.
A P value <0.05 was statistically
significant.

considered

RESULTS

During the 11-year study period, 2204 renal transplant
biopsies were processed and interpreted at our center.
A total of 238 patients had IF performed on at least 1
biopsy. Of those 238 patients, 104 (44%) had immune-
complex deposition in at least 1 kidney biopsy (the
earliest-occurring biopsy during the study period was
selected as the index biopsy). Of the 104 patients, 76
had immune-complex—mediated glomerular disease
that could be classified into a well-established patho-
logic category (Supplementary Table S1). The focus of
our study was the remaining ICG-NOS cohort (n = 28,
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Figure 1). Based on an in-depth review of IF patterns
(Figure 2), interpreted in conjunction with IF patterns
described in the existing literature, we created 5
intuitive subgroups based solely on IF findings: Full-
House (+IgG/+IgM/+IgA/+C3/+Clq), Quasi-Full-
House (+IgG/+C3/+Clq), IgA-rich (IgA-dominant/-
codominant), Clg-rich (—IgG/+Clq), and Clg-poor
(+1gG or +IgM/no Clq) (Table 1). The largest ICG-
NOS subgroup was the 10-person quasi-full-house
group, which demonstrated IgG, C3, and Clq positiv-
ity. All other groups had at least 3 patients and
featured a variety of IF patterns (Figure 1 and Table 1).
Although IF findings in the IgA-rich group could be
compatible with a diagnosis of IgA nephropathy, we
considered the 3 cases reviewed in this manuscript as
not otherwise specified based on substantial IgG, C3,
and/or Clq costaining that was more than expected for
typical IgA nephropathy.

Table 2 describes the pathologic features of the 5
subgroups. By definition, IF and LM were performed in
100% of cases, and EM was performed in 21 (75%)
cases. The most common glomerular pattern was
mesangial hypercellularity or proliferation, present in
18 (64%) patients, whereas a sizable minority of 8
(29%) patients had normal LM findings. The IF stain-
ing pattern differed significantly across the subgroups,
consistent with our case definitions. Five (18%) pa-
tients had positive C4d staining in peritubular capil-
laries, and 19 (70%) in the glomeruli. Four patterns of
glomerular C4d staining were seen in glomeruli: (i) C4d
matching glomerular deposits (n = 12), (i) C4d
matching glomerular deposits and additionally seen
along capillary walls in a transplant glomerulopathy-
like pattern (n = 5, three with capillary wall duplica-
tion by LM or EM, 2 with IF but no EM performed),
(iii) glomerular endothelial staining and C4d staining of
the peritubular capillaries (n = 2), and (iv) hyalinosis
pattern in FSGS (n = 1). In the 21 (75%) patients who
had EM performed, most immune-complex deposits
were mesangial (14 patients, 67%), and a smaller
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Figure 2. Heatmap of immunofluorescence findings that informed our approach to categorizing patients into subgroups. White, no reactivity;
pink to red to dark red indicates increasing intensity. FH full-house; qFH, quasi-full-house.

percentage were mixed mesangial and subendothelial (5
patients, 24%).

We specifically examined the cases for capillary wall
duplication, a feature of transplant glomerulopathy.
Capillary wall duplication by LM or EM was seen in a
total of 11 cases (39%) and was especially common in
the IgA-rich (2 of 3, 66%) and Clg-rich (3 of 6, 50%)

Table 1. Case definition of immune-complex glomerulopathy not
otherwise specified (ICG-NOS) subgroups

ICG-NOS group Definition® Number of patients
Full-house (ICG-FH) +lgG/+IgM/+IgA/+C3/+C1q 3
Quasi-full-house (ICG-qFH) +lg6/+C3/+C1q° 10
IgA-rich (ICG-IgA) IgA (co-)-dominant® 8]
Clg-rich (ICG-C1g+) —1g6/+C1q 6
C1g-poor (ICG-C1g—) +lg6/—Clq 6

FH, full-house; gFH, quasi-full-house.

%4+ means at least trace staining for that Ig.

®Can also be +IgM or +IgA, but not both.

“Does not meet criteria for typical IgA nephropathy (Supplementary Table S1).
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groups, although differences across subgroups were
not statistically significant (Figure 3, Supplementary
Figures S1-S5).

Twenty (71%) patients had histologic features of
ABMR (peritubular or glomerular capillaritis). Consid-
ering clinical features also, 9 of these 20 patients (45%)
met 2017 Banff criteria for ABMR: 1 (33%) in full-
house, 1 (10%) in quasi-full-house, 1 (33%) in IgA-
rich, 4 (67%) in Clg-rich, and 2 (33%) in Clg-poor.
Of those 9, 5 met criteria by having positive C4d
staining of their peritubular capillaries and positive
donor-specific antibodies. The other 4 met criteria by
having at least moderate microvascular inflammation
with positive donor-specific antibodies. Three other
patients (11%) met only 2 of 3 Banff criteria for ABMR
and were labeled suspicious for ABMR. Only 1 patient
had clear evidence of TCMR. Nine other patients (32%)
had histologic features borderline for TCMR by Banff
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Table 2. Pathologic features, according to immune-complex glomerulopathy not otherwise specified (ICG-NOS) group

Full-house (+19G/+IgM/  Quasi-full-house IgA-rich (IgA- C1g-rich C1q-poor
Total +IgAM+C3/+C1q)  (+196/+C3/+C1q) codominant) (—IgG/+C1q) (+1g6/—Clq)
(n = 28) (n=3) (n=10) n=23) (n=6) (n = 6) P value
Light microscopy
Number of glomeruli, median (range) 16 (4-30) 20 (10-26) 17 (4-28) 14 (6-21) 16 (6-22) 15 (12-30) 0.34
Glomerular injury pattern, n (%)
Mesangial hyperplasia-proliferation 18 (64) 2 (67) 5 (50) 1 (33) 5 (83) 5 (83) 0.40
Capillary wall duplication 7 (25) 0 (0) 1(10) 1(33) 3 (60) 2 (33) 0.34
Focal and segmental glomerulosclerosis 7 (25) 1 (33) 3 (30) 1 (33) 107) 107) 0.94
Normal 8 (29) 1(@33) 4 (40) 2 (67) 0 (0) 107 0.94
% Global glomerulosclerosis, median (range) 5.5 (0-58) 0 (0-4) 9 (0-50) 7 (0-14) 7 (0-560) 4.5 (0-58) 0.53
% Interstitial fibrosis/tubular atrophy, median (range) 10 (0-95) 0 (0-0) 13 (0-50) 17.5 (6-30) 20 (0-70) 15 (0-95) 0.50
Histologic antibody-mediated rejection, n (%) 0.74
Glomerulitis + peritubular capillaritis 12 (43) 1(33) 3 (30) 1 (83) 4 (67) 3 (60)
Glomerulitis only 31 0 (0) 1 (10) 0 (0) 0 (0) 2 (33)
Peritubular capillarifis only 5 (18) 1 (33) 2 (20) 1() 1017) 0 (0)
None 8 (29) 1(33) 4 (40) 1(@33) 107 107
Histologic T-cell-mediafed rejection, n (%) 0.07
Banff 1A 14 1(33) 0 () 0 (0) 0 (0) 0 (0)
Borderline 9 (32) 0 (0) 5 (60) 1(@33) 3 (50) 0 (0)
None 18 (64) 2 (67) 5 (50) 2 (67) 3 (50) 6 (100)
No histologic rejection 8 (29) 1(@33) 2 (20) 1(33) 107 1.(7) 0.74
Immunofluorescence microscopy
196, median (range) 1.0 (0.0-4.0) 2.0 (2.0-4.0) 1.75 (0.5-2.0) 2.0 (1.0-3.0) 0.0 (0.0-0.0) 1.0 (1.0-3.0) 0.002
IgA, median (range) 0.0 (0.0-3.0) 1.0 (0.5-3.0) 0.0 (0.0-0.0) 3.0 (1.5-3.0) 0.0 (0.0-0.5) 0.0 (0.0-0.0) <0.001
IgM, median (range) 1.0 (0.0-3.0) 2.5 (1.6-3.0) 1.0 (0.0-2.0) 0.6 (0.0-3.0) 1.0 (0.5-2.0) 0.8 (0.0-2.0) 0.08
C1g, median (range) 1.0 (0.0-3.0) 2.5 (1.0-3.0) 1.0 (0.5-3.0) 0 (0.0-3.0) 1.0 (1.0-2.0) 0.0 (0.0-0.0) <0.001
C3, median (range) 0.75 (0.0-2.0) 1.0 (1.0-1.0) 1.0 (0.5-2.0) 0.6 (0.0-2.0) 0.0 (0.0-1.0) 0.0 (0.0-2.0) 0.06
CAd, peritubular capillary, n (%) 0.69
positive 5(18) 1(33) 0 () 1(33) 2 (33) 107
Negative 22 (79) 2 (67) 9 (90) 2 (67) 4 (67) 5 (83)
Not done 1(4) 0 (0) 1 (0) 0 (0) 0 (0) 0 (0)
C4d, glomerular, n (%) 0.25
Mesangial 7 (25) 0 (0) 5 (50) 1.(10) 0 (0) 107
Capillary wall 12 (43) 1@33) 2 (20) 2 (20) 5 (83) 2 (33)
Negative 7 (25) 2 (67) 2 (20) 0 (0) 1Q07) 2 (33)
Not done 1@ 0 (0) 1.(10) 0 (0) 0 (0) 0 (0)
Electron microscopy
Electron microscopy performed, n (%) 21 (75) 3 (100) 8 (80) 1 (33) 4 (67) 5 (83) 0.36
Deposit location, n (%) 0.34
Mesangial 14 (67) 2 (67) 6 (75) 0 (0 2 (60) 3 (60)
Mesangial and subendothelial 5 (24) 1 (33) 2 (25) 1 (100) 1 (25) 0 (0)
None 3(14) 0 (0) 0 () 0 (0 1(25) 2 (40)
Feature of transplant glomerulopathy (glomerular basement 6 (29) 1 (33) 2 (25) 0 (0) 2 (50) 1 (20) 0.75
membrane duplication or mesangiolysis)
Percent podocyte effacement, median (range) 10 (0-100) 5 (6-10) 10 (0-80) 30 (30-30) 10 (0-10) 10 (0-100) 0.73

2Some biopsies demonstrated more than 1 glomerular injury pattern.

criteria. When stratified by indication for biopsy, 5 of
12 (42%) protocol biopsies were at least borderline for
TCMR or suspicious for ABMR, including 2 cases of
ABMR, whereas 11 of 16 (69%) indication biopsies
were at least borderline for TCMR or suspicious for
ABMR, including 1 case of Banff 1a TCMR with ABMR,
and 7 cases of ABMR only. The difference in rejection
rate in protocol versus indication biopsies is not sta-
tistically significant (P = 0.15).

Table 3 displays the clinical characteristics. The
median patient age was 18 (range, 1-71) years, 50%
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were adults, and 61% were male. The most common
race/ethnicities were Caucasian (29%) and Hispanic
(29%). Cause of end-stage renal disease was most
commonly unknown/unbiopsied, which included 4
cases of presumed diabetic and/or hypertensive ne-
phropathy (36%), followed by nonimmune (32%),
including polycystic kidney disease, methylmalonic
acidemia, and reflux nephropathy. There were 2 (7%)
cases of systemic autoimmune disease, namely systemic
lupus erythematosus and eosinophilic granulomatosis
with polyangiitis: in both cases, the nature of the
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Figure 3. Biopsy findings. (a—c) Patient 3, full-house category. (a) Light microscopy (periodic acid-Schiff [PAS] stain) showing capillary wall
double contours with deposit (black arrow) and endocapillary hypercellularity (red arrows). (b) Immunofluorescence microscopy (IlgG immune
staining) showing diffuse granular capillary wall deposit. (c) Electron microscopy showing abundant subendothelial and mesangial deposits
(arrows). (d—f) Patient 9, quasi-full-house category. (d) Light microscopy (PAS stain) showing glomerulitis and slight mesangial hypercellularity.
(e) Immunofluorescence microscopy (C1q immune staining) showing segmental mesangial and capillary wall staining. (f) Electron microscopy
showing subendothelial and mesangial electron-dense deposits (arrows). Bars = (a,b,d,e) 50 um and (c,f) 2 um.

glomerular deposits post-transplantation (IgG and IgM
only in the lupus case, and C3, IgG, IgA [dominant],
IgM in the polyangiitis case) were inconsistent with the
cause of native kidney disease. Renal-limited glomer-
ular diseases, including focal segmental glomerulo-
sclerosis and IgA nephropathy, accounted for 7 (25%)
causes of end-stage renal disease. At the time of biopsy,
6 (21%) patients had a recent or active infection,
including bacteremia or a respiratory, gastrointestinal,
or urinary tract infection. Nine (32%) patients had a
history of wviral activation post-transplantation,
including positive serum titers for polyoma BK virus,
Epstein-Barr virus, or cytomegalovirus, although none
were known to be viremic at time of biopsy.

The index biopsy was obtained at a median time of
2.1 years after transplantation (range, 0.2-11.1) and
was most often done as a protocol biopsy (43%) or for
the indication of increased serum creatinine (25%).
Laboratory features at time of biopsy were notable for
positive donor-specific antibody (12 of 19, 63%), pro-
teinuria (11 of 22, 59%), and/or hematuria (8 of 22,

Kidney International Reports (2020) 5, 632-642

36%). In response to the biopsy findings, transplant
nephrologists selected a variety of treatment choices.
For 14 patients (50%), including 5 (36%) with
concomitant definite or possible rejection, no changes
were made. For the remaining 14 patients, including 11
(79%) with concomitant definite or possible rejection,
i.v. IG, steroid pulses, and/or other immunosuppres-
sive agents were prescribed.

Last follow-up occurred at a median of 2.3 years
(range, 0.1-14.0 years) after the index biopsy. Overall,
7 patients (25%) experienced graft failure after a me-
dian of 3.0 years (range, 0.1-14.0 years) following the
index biopsy, and 1 patient died (of stroke) with a
functioning graft. Of the patients with functioning
grafts (21 patients, 75%), 8 (38%) had evidence of
ABMR at the time of biopsy and 1 (5%) had findings
suspicious for ABMR, whereas 1 (5%) had TCMR and 9
(43%) had borderline TCMR. Eight (38%) had no evi-
dence of rejection. At last follow-up of these 21 pa-
tients, 4 of 16 (25%) had persistent hematuria, 6 of 17
(35%) had proteinuria, and 3 (14%) had an estimated
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Table 3. Clinical features, according to immune-complex glomerulopathy not otherwise specified (ICG-NOS) subgroup

Full-house (+1gG/+IgM/  Quasi-full-house IgA-rich C1q rich C1q poor
Total +IgA/+C3/+C1q)  (+19G/+C3/+C1q) (lgA-codominant) (—1g6/+C1q) (+1g6/—C1q) P
(n = 28) (n=23) (n = 10) (n=3) (n = 6) (n=6) value
Age af transplantation, median (range) 17.5 (1-71) 18 (1-68) 17 (2-71) 24 (17-31) 19 (15-54) 14 (8-26) 0.53
Adult af fransplantation, n (%) 14 (50) 2 (67) 5 (50) 2 (67) 3 (50) 2 (33) 0.86
Male, n (%) 17 (61) 3 (100) 7 (70) 2 (67) 3 (60) 2 (33) 0.34
Race/ethnicity, n (%) 0.48
Caucasian 8 (29) 0 (0) 2 (20) 13) 2 (33) 3 (50)
Hispanic 8 (29) 2 (67) 2 (20) 0 (0) 3 (60) 107
African American 2 () 0 (0) 1 (10) 0 (0) 1(17) 0 (0)
Asian/Pacific Islander 6 (21) 1@33) 2 (20) 2 (67) 0 (0) 107
Other 4 (14) 0 (0) 3 (30) 0 (0) 0 (0) 107
Cause of ESRD, n (%) 0.47
Nonimmune ESRD® 9 (32 1(33) 3 (30) 0 (0) 107 4 (67)
Sysfemic aufoimmune disease 2 (7 0 (0) 0 (0) 1 (33) 0 (0) 1Q07)
Glomerulonephritis® 7 (25) 1(33) 2 (20) 1(33) 2 (33) 107
Unknown/unbiopsied 10 (36) 1(33) 5 (50) 1(33) 3 (b0) 0 ()
Time from transplant fo biopsy, years, 2.1 (0.2-11.1) 4.3 (1.6-5.2) 2.0 (0.5-4.3) 3.5 (0.9-9.0) 2.1 (0.2-5.9) 1.1 (0.4-11.1) 0.75
median (range)
Biopsy indication, n (%) 0.47
Increased sCr 7 (25) 1@33) 2 (20) 1@33) 2 (33) 107
Proteinuria 30 1(33) 2 (20) 0 (0) 0 (0) 1Q7)
Increased sCr and proteinuria 4 (14) 0 (0) 2 (20) 0 (0) 1(17) 0 (0)
Positive DSA 1@ 0 (0) 0 (0) 1(@33) 0 (0) 0 ()
Rejection follow-up 1@ 0 (0) 0 (0) 0 (0) 1(17) 0 (0)
Profocol 12 (43) 1(33) 4 (40) 1(33) 2 (33) 4 (67)
Laboratory features af time of biopsy
sCr (mg/dl), median (range) 1.2 (0.4-7.0) 1.1 (0.7-1.5) 1.1 (0.4-2.0) 1.2 (1.0-2.8) 1.2 (0.9-3.5) 0.9 (0.7-7.0) 0.54
Hematuria, n (%) 8/22 (36) 1/3 (33) 177 (14) 2/3 (67) 1/4 (25) 3/5 (60) 0.39
Proteinuria, n (%) 11/22 (59) 1/3 (33) 3/7 (43) 1/3 (33) 1/4 (25) 3/5 (60) 0.77
Positive DSA, n (%) 12/19 (63) 1/1 (100) 3/7 (43) 1/2 (50) 4/4 (100) 3/56 (60) 0.34
ANA+, n (%) 3/12 (25) 1/1 (100) 1/5 (20) 0/2 (0) 0/3 (0) 171 (100) 0.53
Low C3, n (%) 3/12 (25) 1/1 (100) 2/8 (25) 0/2 (0) 0/1 (0) 0/0 (n/a) 0.04
Low C4, n (%) 212 (17) 1/1 (100) 1/8 (12.5) 0/2 (0) 0/1 (0) 0/0 (n/a) 0.11
Known infection at time of Bx, n (%) 6 (21) 1/3 (33) 2/10 (20) 0/3 (0) 0/6 (0) 3/6 (50) 0.23
History of viral activation 9 (32) 2/3 (67) 3/10 (30) 0/3 (0) 2/6 (33) 2/6 (33) 0.54
Antibody-mediated rejection 0.10
Confirmed 9 (32) 1(33) 1(10) 1(33) 4 (67) 2 (33)
Suspicious 300 0 (0) 0 (0) 1(33) 0 (0) 2 (33)
T-cell-mediated rejection 0.07
Confirmed 14 1(33) 0 (0) 0 (0) 0 (0) 0 ()
Borderline 9 (32) 0 (0) 5 (50) 1(33) 3 (b0) 0 ()
No rejection 12 (43) 2 (67) 5 (60) 1(33) 2 (33) 2 (33) 0.83
Treatment, n (%)
Steroid pulse 9 (32) 1 (33) 4 (40) 2 (67) 2 (33) 0 () 0.31
lLv. 16 6 (21) 1(33) 1(10) 1@33) 3 (60) 0 () 0.21
Increase immunosuppression 8 (29) 0 (0) 1 (10) 1 (33) 5 (83) 107) 0.02
No change 14 (50) 2 (67) 5 (50) 1@33) 107 5 (83) 0.20
Yr of follow-up post-Bx, median 2.3 (0.1-14.0) 1.9 (0.3-3.9) 2.5 (0.6-14.0) 1.1 (1.1-3.4) 3.6 (0.6-7.9) 2.5 (0.1-3.3) 0.47
(range)
Graft failure, n (%) 7 (25) 0 (0) 2 (20) 2 (67) 2 (33) 2 (33) 0.79
Yr to graft failure post-Bx, median 3.0 (0.1-14.0) n/a 8.8 (3.6-14.0) 1.1 2.3 (0.6-3.9) 1.5 (0.1-3.0) 0.42
(range)®
Laboratory features at time of last
follow-up®
sCr af last follow-up (mg/dl), 1.0 (0.5-5.2) 1.0 (0.5-1.5) 0.85 (0.5-2.4) 33 (1.4-5.2) 1.8 (0.9-3.0) 0.8 (0.7-1.1) 0.69
median (range)
Hematuria, n (%) 4/16 (25) 0/2 (0) 1/6 (17) 1/2 (50) 1/2 (50) 1/4 (25) 0.70
Proteinuria, n (%) 6/17 (35) 0/2 (0) 2/7 (28) 2/2 (100) 1/2 (50) 1/4 (25) 0.26
Follow-up biopsy with IF 8/28 (29) 1/3 (33) 5/10 (50) 0/3 (0) 0/6 (0) 2/6 (33) 0.51

(Continued on next page)
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Table 3. (Continued) Clinical features, according to immune-complex glomerulopathy not otherwise specified (ICG-NOS) subgroup

Full-house (+IgG/+IgM/

Total +I1gA/+C3/+C1q)
(n = 28) (n=23)
Follow-up immune deposition
Persistent 2 (25) 1 (100)
Improved 6 (75) 0 (0)
Death, n (%) 14 1(33)

Quasi-full-house IgA-rich C1q rich C1q poor
(+196/+C3/+C1q) (lgA-codominant) (—1g6/+C1q) (+1g6/—C1q) P
(n = 10) (n=3) (n = 6) (n = 6) value
0.11
0 (0) 1.(50)
5 (100) 1 (50)
0 () 0 () 0 (0 0 (0) 0.07

ANA, antinuclear antibody; Bx, biopsy; DSA, donor-specific antibody; ESRD, end-stage renal disease; IF, immunofluorescence; sCr, serum creatinine.

2Includes presumed diabetic nephropathy, presumed hypertensive nephropathy, polycystic kidney disease, methylmalonic acidemia, reflux.

°0f the 7 patients who had glomerulonephritis (GN) as a cause of ESRD, 5 had posttransplant GN that was phenotypically distinct from the original disease (focal and segmental
glomerulosclerosis = 4, Churg-Strauss = 1). Two had potentially related disease: 1 patient with IgA nephropathy developed IgA-rich ICG-NOS; 1 patient with crescentic glomerulo-

nephritis developed C1g+ ICG-NOS, but no evidence of crescents.
°For patients who reached graft failure.
“Excludes patents with graft failure.

For laboratory values at time of biopsy, the denominators (as shown in the first column) are frequently smaller than 28, as testing was not performed in all patients.

glomerular filtration rate less than 60 ml/min per 1.73 m?,
with a median serum creatinine of 1.0 (range, 0.5-5.2)
mg/dl. Overall, 8 of the 28 patients had subsequent
biopsies that included IF: immune-complex deposition
decreased in intensity in 6 patients (75%) and was
stable in 2 (25%). Of the 6 patients with decreased
immune-complex deposition, 3 had received an
adjustment to their immunosuppression after the index
biopsy, whereas maintenance immunosuppression was
unchanged for the other 3. Two of the 6 patients had
evidence of possible rejection. For these 8 patients with
IF follow-up, creatinine increased at last follow-up in 3
patients, 2 of whom had graft failure. One graft failure
occurred in a patient without rejection and with
decreasing immune deposition over time, whereas the
other graft failure occurred in a patient with rejection
and persistent deposits.

DISCUSSION

Glomerular disease is an important cause of kidney
allograft loss. In a large study of long-term transplant
outcomes in 1317 kidney transplant recipients,
glomerular disease was responsible for 37% of the 330
graft failures.'” Although the most common forms of
glomerular disease were recurrent disease and trans-
plant glomerulopathy believed to be due to chronic
ABMR, 10 cases (or 3% of all allograft failures) were
attributed to de novo glomerular disease. Defining and
better understanding of these less well understood
glomerular disease entities was our primary objective.

To this end, we characterized our center’s experi-
ence with post-transplant ICG-NOS. Among 238 pa-
tients with IF performed in an allograft biopsy, we
identified 28 patients with post-transplant ICG that did
not conform to a well-phenotyped glomerular disease
entity, which we termed ICG-NOS. Based on IF findings
within this cohort, interpreted in the context of the
existing literature pertaining to ICG-NOS, we devel-
oped a system for categorizing cases and described

Kidney International Reports (2020) 5, 632-642

histologic and clinical characteristics within and across
these categories. Unlike prior studies (Table 4" **7"%)
that often focused on a single IF pattern, we attempted
to create a more systematic and comprehensive frame-
work that addresses the full spectrum of ICG-NOS.

Of studies in the literature (Table 4), Lloyd et al.’
shares the most similar systematic case-finding pro-
cess with our study. Lloyd et al.” identified 12 patients
with ICG-NOS and discovered a high prevalence of
alloimmunity in those patients, with ABMR in 67%,
TCMR in 33%, and positive donor-specific antibody in
63%. Based on this high prevalence of rejection, they
hypothesized that alloimmunity might be the under-
lying mechanism for some cases of nonmembranous de
novo immune-complex deposition. Grau et al."’ also
reflected on an alloimmunity hypothesis and proposed
that formation of allo-antibodies to non-HLA antigens
and other glomerular constituents might be a possible
mechanism for immune deposits in an animal model of
transplant glomerulopathy. In our larger cohort, we
also see a high prevalence of alloimmunity (at least 45%
ABMR, albeit a lower rate of TCMR). Of note, trans-
plant glomerulopathy is classically pauci-immune,
although largely attributed to ABMR (anti-MHC anti-
bodies). Our series, together with those of Lloyd et al.,’
Grau et al.,'’ and others, raises the possibility of
accompanying glomerular immune-complex deposition
in a subset of transplant glomerulopathy cases.
Nevertheless, the overlapping of histologic features
between glomerulopathy attributable to ABMR versus
those attributable to other autoimmune or infection-
related forms of glomerular disease (i.e., leukocyte
exudates-capillaritis, glomerular basement membrane
duplication, and some patterns of C4d deposition), re-
quires caution in diagnostic terminology and patho-
physiologic inferences.'* An additional qualifier is the
selection bias implicit in our retrospective study: even
if ICG-NOS was clinically silent, detection would be
more likely when rejection was concurrent. For
instance, we note that the rate of concurrent rejection
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Table 4. Summary of previous studies characterizing transplant immune-complex glomerulopathy (ICG) that cannot be readily classified under a

Comparison to our
case definitions

All our categories
except IgA-rich.
Encompasses FH

All our categories
except IgA-rich.
Similar case-finding
process

All our categories
except IgA-rich and
C1g-poor

qFH

C1g-poor

Cases with CWD

Key conclusions

High prevalence of concurrent rejection,
both T-cell mediated (36% vs. 7% in
control) and ABMR (25% vs. 4%). Rate of
progression fo graft failure (5 of 28) was
not different from that in control (7 of 28),
median follow-up 24 months. Authors
hypothesize that ICG may not be clinically
significant in terms of graff survival.

High prevalence of concurrent rejection
(75%), including ABMR with DSAs
(67%). High rate of progression with graff
failure (7 of 12), median follow-up 36 mo.
Authors hypothesize that the underlying
mechanism for de novo ICG may be
alloimmunity.

Lower prevalence of concurrent rejection
compared with other studies (5 of 24);
50% had infection in the preceding 6 mo,
but no evidence of infection-related GN on
histology. Benign course in the absence of
a second glomerular lesion
Long-ferm mesangial C1q deposits
accompanied by IgG, IgM, and C3 may be
clinically silent.

Earlier onset of ICG (within 1 yr) compared
fo other studies. Viral infection in 2 of 9, no
control group

In patients with known transplant
glomerulopathy, ICG is present in 16% of

known entity
Sample size
(% all screened Other IF

Author, journal, yr biopsies) Case definition features

Giannico ef al.,® 28 (3.5%) Mesangial 23 of 28 IgM dominant. 5
Human Pathology glomerulopathy without of 28 IgG dominant. 17 of
2015 known history of ICG, and 18 had concomitant

excluding IgA-dominant C3/C1q.

Lloyd et al.,’ 12 (1.7%) Immune complexes not Typically codominant IgG
Human Pathology aftributable to cause of and IgM; C1q present in
2018 native kidney failure 50%

Said ef al.,’ 24 (0.1%) C1q 2+ or higher, Most also had C3, IgG,
Modern Pathology excluding native MPGN or and IgM
2010 lupus

Kanai ef al,? 5 (1.2%) C1q 2+ or higher, no to All cases had IgG, IgM,
BMC Nephrology mild proteinuria/hematuria and C3
2018

Gough et al.? 9 (7.6%) IgM immune complexes -+lgM with and without C3
Archives of Pathology not otherwise affributable
and Laborafory
Medicine 2005

Grau et al,'® 8 Convenience sample of Typically IgM-positive with
Transplantation 51 fransplant variable C1q and C3
2016 glomerulopathy cases.

Included cases with
immune complexes not
otherwise attributable

cases and represents alloimmune
response against non-MHC epitopes or
mesangial fargefs.

ABMR, antibody-mediated rejection; CWD, capillary wall duplication; DSA, donor-specific antibody; FH, full-house; GN, glomerulonephritis; IF, inmunofluorescence; MPGN, mem-

branoproliferative glomerulonepbhritis; qFH, quasi-full-house.

was higher when the biopsy was performed for a
clinical indication, suggesting that rejection and not
the ICG-NOS might have provided the trigger for
performing the biopsy. The direction and nature of any
hypothesized association between alloimmunity and
ICG-NOS requires additional investigation in a larger
study with less biased inclusion criteria. Our IF-based
classification process provides a possible framework
for approaching this topic.

At the same time, we propose that ICG-NOS is not
necessarily clinically silent or an epiphenomenon of
rejection, as 12 (43%) patients in our cohort lacked any
evidence of concurrent rejection, of whom 5 had a
clinically indicated biopsy for investigation of hema-
turia, proteinuria, or elevated creatinine that was likely
attributable to the ICG-NOS."”'°

We also explored infection as a potential cause of
ICG-NOS. In our cohort, 6 patients (21%) had known
infection at the time of biopsy, and 9 patients (32%)
had a history of viral activation. It is not possible to
infer causality from these data, given the high
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background rate of infection in transplant recipients.
We did not find any obvious culprit pathogenic or-
ganisms. Two patients in our cohort underwent
simultaneous liver-kidney transplant for metabolic
disease. Clinical studies in the literature have reported
increased autoimmune serologic markers after liver
transplantation, although the kidney biopsy literature
is overshadowed by many patients with hepatitis B or
C.'”'® Future studies are needed to fully investigate the
putative link between infection,
alloimmunity, and ICG-NOS.
Considering graft outcomes for ICG-NOS, previous
studies have differed in their conclusions. Table 4
summarizes these prior studies. Whereas Said et al.,'
Kanai et al.,” and Giannico et al.’ concluded that ICG-
NOS did not influence graft failure rates and are
mostly clinically silent, Lloyd et al.” had noted a high
rate of progression to graft failure within a median
follow-up of only 36 months. Said et al.' and Kanai
et al.” had cohorts that were most similar to our ICG-
Clq+ group, whereas Giannico et al.” and Lloyd

autoimmunity,
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et al.” had cohorts most similar to our ICG—quasi-full-
house group. In our cohort, 7 (25%) patients reached
graft failure with a relatively short median post-biopsy
time of 3 years and only 3 of those patients had evi-
dence of rejection at the time of biopsy. The inclusion
of indication biopsies in our study biases us away from
detection of subclinical disease. ICG-NOS may be
clinically benign, as previously thought, or may
portend a poor prognosis in some patients, even if the
pathogenesis remains obscure.

The numbers in our ICG-NOS subgroups are too
small to identify statistically significant between-group
differences. Prior studies excluded cases with IgA-
dominant or -codominant: we included 3 cases with
an unusual constellation of deposits. It is therefore
especially difficult to make inferences about this pa-
tient group: indeed, whether these cases are variants or
misclassifications of IgA nephropathy or a unique en-
tity requires further study.

We used the ISN/Renal Pathology Society classifi-
cation for lupus nephritis of mesangial hypercellularity
in looking at potential histologic correlates of glomer-
ular deposit, rather than the updated classification or
the Banff classification as outlined in the Methods
section. Applying the alternative definitions, requiring
2 or 4 rather than 3 cells per mesangial area, would
result in fewer or more cases with normal glomeruli in
each category. However, given that our classification is
predominantly IF-based, it would not alter our
conclusion.

Our study has a number of limitations. A funda-
mental challenge in any retrospective study is case
selection bias: a large proportion of biopsies in our
study (57%) were done for clinical indications,
resulting in an oversampling of cases with concurrent
rejection or clinical abnormality, as previously dis-
cussed. Further, our center does not perform IF and EM
on all allograft biopsies, but only in cases of hematuria
or proteinuria, or if the glomeruli are morphologically
abnormal and tissue is available; we therefore cannot
comment on prevalence or incidence. Furthermore, EM
samples were available for only 75% of cases. Another
limitation is the incompleteness of clinical data,
although this did not differ across subgroup categories.
Although one of the largest studies to date to explore
ICG-NOS post transplantation, our small sample size
precluded meaningful between-group comparisons.
Nevertheless, the trends we observe may enable hy-
pothesis generation and our approach to categorizing
cases will inform the design of future studies. Finally,
findings from this single-center, retrospective study are
not necessarily generalizable to other centers or eras,
and should be validated in a larger, multicenter, and
ideally international, patient cohort.
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In summary, we present a series of 28 patients with
ICG-NOS in the kidney allograft that were identified
through a comprehensive review of all biopsies per-
formed at a single academic center over 11 years. With
the consensus of team members with expertise in
glomerular disease, transplant nephrology, and kidney
pathology, we constructed a framework for categorizing
biopsies with ICG-NOS based on IF pattern. Although
our findings require confirmation in a larger multicenter
patient cohort, we note that ICG-NOS was associated
with concurrent rejection, particularly ABMR, lending
support to an alloimmunity hypothesis. In addition,
although ICG-NOS can present in some patients with
relatively benign clinical findings (including some cases
picked up incidentally on a protocol biopsy), at other
times it can be associated with renal impairment and
graft failure, even in the absence of concomitant evi-
dence of rejection. We welcome increased attention to,
and reporting of, this phenomenon in other patient co-
horts, so that the spectrum of pathophysiologies, clini-
copathologic  features and correlates, treatment
responses, and long-term outcomes, of post-transplant
ICG-NOS can be better understood.
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