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Renal pathology in hematopoietic cell
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Hematopoietic cell transplantation-associated renal injury may be related to a combination of factors including
chemotherapy, radiation, infection, immunosuppressive agents, ischemia, and graft-versus-host disease. Renal
biopsy specimens from hematopoietic cell transplant recipients at two institutions (Stanford University Medical
Center and Oregon Health & Science University) were reviewed in correlation with clinical data. Fifteen cases
were identified (post hematopoietic cell transplant time 0.7-14.5 years), including six with autologous
hematopoietic cell transplant. Indications for renal biopsy included proteinuria (n=13; nephrotic range in 8),
increased serum creatinine (n=10), or both (n=6). Many patients had multiple pathologic findings on renal
biopsy. Membranous glomerulonephritis was the most common diagnosis (n=7), including two patients with
autologous hematopoietic cell transplant and five with evidence of chronic graft-versus-host disease
elsewhere. Four membranous glomerulonephritis patients achieved sustained remission with rituximab
therapy. Other glomerular pathology included focal segmental glomerulosclerosis (n=1) and minimal change
disease (n=1). Evidence of thrombotic microangiopathy was common (in isolation or combined with other
pathology), as was acute tubular necrosis and tubulointerstitial nephritis. Of 14 patients with follow-up (2-64
months, mean 19 months), 6 had chronic renal insufficiency (serum creatinine >1.5mg/dl), 2 had end stage
renal disease, and 6 had essentially normal renal function. Our retrospective study shows that renal
dysfunction in hematopoietic cell transplant recipients is often multifactorial, and biopsy may reveal treatable
causes. Membranous glomerulonephritis is seen in autologous and allogeneic hematopoietic cell transplant
recipients, and may respond to anti-B-cell therapy, which has implications regarding pathogenesis and
relationship to graft-versus-host disease.
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Hematopoietic cell transplantation is a proven
treatment for hematopoietic malignancies, some
solid tumors, and other marrow or immune
disorders. Hematopoietic cell transplantation
protocols are variable and are undergoing continual
refinement, including autologous transplantation,
peripheral blood stem cell transplantation, and non-
myeloablative transplantation, among many others.
However, the pathophysiology of and differing
susceptibilities to complications, including renal
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injury, remain elusive. It is suggested that severe
acute renal failure is more common in allogeneic
bone marrow transplantation as compared to peri-
pheral blood stem cell transplantation, whereas
chronic graft-versus-host disease is more common
in peripheral blood stem cell transplantation.’

In the acute setting, renal failure may be due to
renal toxicity of medications (chemotherapeutic,
antibiotic, or immunosuppressive), tumor lysis
syndrome, renal ischemia (including hypovolemia,
veno-occlusive disease, etc), sepsis, infection (bac-
terial, fungal, or viral), or effects of radiation.*® A
hemolytic-uremia-like syndrome, often referred to
as bone marrow transplant nephropathy, may man-
ifest later (3—6 months or post-transplantation later),
and classically shows histopathologic features
of thrombotic microangiopathy with endothelial
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injury.*” Although exposure of kidneys to radiation
during hematopoietic cell transplantation has been
hypothesized as a risk factor for bone marrow
transplant nephropathy, studies have shown con-
flicting data regarding renal shielding and long-term
renal insufficiency.>®* Other causes of thrombotic
microangiopathy must be considered in hemato-
poietic cell transplant recipients, including exacer-
bation of endothelial injury by chemotherapy,
immune-mediated injury, and perhaps most notably,
cyclosporine inhibitor toxicity, given as prophylaxis
or treatment for graft-versus-host disease.

Recent studies have provided insight into possible
effects of graft-versus-host disease on the kidney.
Graft-versus-host disease may occur in the acute
(1-3 months post-transplantation), or chronic set-
ting (delayed until 4—12 months post hematopoietic
cell transplantation), and most commonly involves
skin, liver, and gut; chronic graft-versus-host disease
may also manifest features of autoimmune collagen-
vascular disease.>®'® Brukamp et al* recently
summarized evidence suggesting that membranous
glomerulonephritis is a glomerular manifestation of
chronic graft-versus-host disease.

Other forms of glomerulonephritis have been
reported in hematopoietic cell transplantation
patients, including minimal change disease, membra-
noproliferative glomerulonephritis, focal segmental
glomerulosclerosis (FSGS), ANCA-associated glo-
merulonephritis, proliferative glomerulonephritis,
and IgA nephropathy.**"*¢ Although most studies
in the literature have focused on glomerulonephritis
in hematopoietic cell transplant recipients, tubu-
lointerstitial and vascular pathology is not uncom-
mon.” We report the pathologic findings and
corresponding clinical data, treatment, and outcome
in a series of consecutive renal biopsy specimens in
hematopoietic cell transplantation patients from two
institutions, including the first cases of membranous
glomerulonephritis post autologous stem cell trans-
plantation documented with immunofluorescence
and ultrastructural studies.

Materials and methods

Case Selection

The computerized files of the Departments of
Pathology at Stanford University Medical Center
(SUMC) and Oregon Health & Science University
(OHSU) were searched for renal biopsy specimens
(1998-2006) in patients with a reported history of
bone marrow or peripheral blood stem cell trans-
plantation. The 11 cases from Stanford were derived
from 2208 hematopoietic cell transplants performed
during this time period (952 allogeneic, 1256
autologous). Clinical history was retrospectively
compiled from electronic records, for correlation
with pathologic findings. Treatment administered
prior to transplantation was not available. Acute
renal failure within 3 months of transplantation was
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defined as increase in serum creatinine 25% over
baseline. Diagnosis of chronic graft-versus-host
disease was recorded as reported in medical records,
derived primarily from clinical findings; biopsy data
were available in a subset (Table 1).

Light Microscopic Evaluation

Formalin or Zenker’s fixed, paraffin-embedded
tissue was sectioned at 2-3um, and then the
prepared slides were stained with hematoxylin
and eosin or periodic acid Schiff (PAS); some had
trichrome and Jones Methenamine Silver sections
available. On average, 16—32 levels were prepared
for light microscopic evaluation. Histopathologic
findings were evaluated by two renal pathologists
using standard criteria, and tabulated, including
evaluation of glomeruli, tubules/interstitium, and
vessels.

Immunofluorescence and Electron Microscopy

Frozen sections of tissue transported in Zeus or
Michel’s medium were stained using standard
procedures with directly fluoresceinated antibodies
to IgG, IgA, IgM, C3, and C1q. A subset of cases
were stained for x- and Z-light chains, or albumin.
Indirect immunofluorescence staining was per-
formed with antisera to fibrinogen.

Tissue for electron microscopic analysis was fixed
and processed using standard procedures, including
immediate fixation in 1.5% glutaraldehyde/parafor-
maldehyde in 0.1M sodium cacodylate buffer,
post-fixation in osmium tetroxide, and embedding
in plastic resin. Thick sections (1 #m) were stained
with toluidine blue, and ultrathin sections were
stained with uranyl acetate and lead citrate.

Immunohistochemical Staining

Formalin-fixed, paraffin-embedded tissue was sec-
tioned at 3—4pum, and stained with polyclonal
antiserum to C4d (n=9; Biomedica Gruppe, Austria,
distributed by ALPCO, Windham NH) as described
previously.’” Staining was attempted on tissue fixed
in Zenker’s, but results were deemed inconclusive.

Results
Patients and Hematopoietic Cell Transplantation

A total of 15 renal biopsies from 15 patients who had
previously undergone hematopoietic cell transplan-
tation were identified. Patient and hematopoietic
cell transplant parameters are detailed in Table 1.
The underlying disease leading to hematopoietic
cell transplantation was a hematolymphoid malig-
nancy in the majority of patients; two women
underwent transplantation for stage IV breast
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Table 1 Patient and hematopoietic cell transplant parameters

Case  Pre- Age/ Donor* Cell  Pre- TBI/ Prior Acute Biopsy:  Serum® Urine' Serum  Edema Hema- Renal Therapy" F/up F/up F/up
nos. HCT sex source parative TLI GVHD° renal time  creatinine  protein  albumin turia biopsy months  serum urine
diagnosis regimen failure® post- (mg/dl) (g/day) (g/dl) diagnosis® creatinine protein
HCT (mg/dl)°  (g/day)*
(vears)
Membranous glomerulonephritis
1  Myeloma 51/M AUTO BM BCNU/ - - 5 1.6 3.5—4 3.0 MGN NA NA NA NA
MELPH
2 Lymphoma 56/M AUTO PB VP16/CY - - 2 1.2 3-4 2.0 MGN Rituximab 27 1.4 WNL
3 CML 48/F ALLO BM VP16 Skin* oral NA 5 4.1 15 2.0 MGN NA 38 ESRD ESRD
lung
4 MDS—AML 44/F ALLO PB BU/VP16/ Skin* + 2.5 1.7 14 1.3 MGN Predinsone - 14 1.4 0.50
CY rituximab
5 AML 56/F ALLO PB ATG Skin + 2 1.3 18-21 1.8 MGN Prednisone/MMF — 28 1.2 0.20
rituximab
6  Waldenstrom’s 46/M ALLO PB* CY Skin* oral + 2.9 2.0 14 1.5 MGN Predinsone/MMF 41 1.5 WNL
7 FLymphoma 52/F ALLO PB None GI* skin + 1.75 0.8 4 1.6 MGN Rituximab 6 1.0 0.78
grade 3
Non-membranous
8 CML 38/M ALLO BM VP16 GI* lung NA 14.5 1.4 2.4 3.1 FSGS Prednisone/MMF 14 2.3 0.10
9  Breast cancer 50/F AUTO PB BU/ - - 8.75 1.6 2.7 1.8 MCD Predinsone/MMF 6 0.6 1+dip
MELPH/
THI
10 NA 35/M ALLO NA NA + NA 8 2.6 3.5 2.9 TMA, NA 2 4.5 8.45
CNIT
11  Myeloma 49/F AUTO PB MELPH - NA 3.75 2.5 0.76 3.9 Chronic  NA 64 4.2 WNL
TMA
12 AML 50/F ALLO PB THI/FLU/ - - 0.75 4.0 dip+ 2.8 ATN, TIN NA 3 4.4 WNL
ATG
13  Breast cancer 39/F AUTO PB CSPL/CY/ - + 1 2.6 0.17 3.7 ATN, TIN Discontinue herbal 14 1.8 WNL
BCNU
14 Myeloma 48/M AUTO PB MELPH - - 1 9.2 1.1 4.0 ATN, TIN Steroid/ 4 2.8 WNL
plamapheresis
15 CMML-— 55/M ALLO PB CY Skin oral + 1 4.5 Pr:Cr 3.5 ATN, TIN NA 8 ESRD ESRD
AML 1.57

ALLO, allogeneic cell transplant; AML, acute myelogenous leukemia; ANA, anti-nuclear antibody; ATG, anti-thymocyte globulin; ATN, acute tubular injury/necrosis; AUTO, autologous
hematopoietic cell transplant; BCNU, carmustine; BM, bone marrow; BU, busulfan; CML, chronic myelogenous leukemia; CMML, chronic myelomonocytic leukemia; CNIT, calcineurin inhibitor
toxicity; CSPL, cisplatin; CY, cyclophosphamide; ESRD, end stage renal disease; F, female; FLU, fludarabine; FLymphoma, follicular lymphoma; GVHD, graft-versus-host disease; HCT,
hematopoietic cell transplantation; M, male; MCD, minimal change disease; MDS, myelodysplastic syndrome; MELPH, melphalan; MGN, membranous glomerulonephritis; MMF, mycophenolate
mofetil; NA, not available; PB, GCSF-mobilized peripheral blood stem cells; TBI, total body irradiation; TLI, total lymph node irradiation; THI, thiotepa; TIN, tubulointerstitial nephritis; TMA,
thrombotic microangiopathy; VP16, etoposide; Waldenstrom’s, Waldenstrom’s Macroglobulinemia; WNL, within normal limits, value unspecified; —, negative; +, positive.

#ALLO transplants were HLA matched; donor and recipient sex were matched in four cases, with 2 male donor to female recipient, one female donor to male recipient, 2 unknown; donors were

siblings in 6 cases; case 10 is presumed ALLO due to CNI treatment and GVHD.
PPB: GCSF-mobilized peripheral blood stem cells; patient 6 also had infusion of donor marrow mesenchymal cells under experimental protocol.

°GVHD, graft-versus-host disease, * indicates biopsy proven (case 4 equivocal biopsy findings); patients 4, 7, and 9 had positive ANA; patients 1, 5, and 12 were ANA negative; ANA data on other
patients are unavailable.

dAcute renal failure defined as serum creatinine 25% over baseline during first three months post-transplantation.
®To convert serum creatinine in mg/dl to mmol/l, multiply by 88.4.
fDip: urine dipstick data only; case 15 had a protein/creatinine ratio of 1.57.

8Primary diagnosis, see Table 2.

BMME: mycophenylate mofetil, rituximab treatment-patient 2:4 months, patient 4:1 month, patient 5:2 months, patient 7:3 doses rituximab.
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carcinoma (Table 1). Patients with allogeneic hema-
topoietic cell transplants received graft-versus-host
disease prophylaxis; nevertheless, clinical evidence
of chronic graft-versus-host disease of the gastro-
intestinal tract, skin, oral mucosa, or lung was
documented in eight patients, all but one of the
allogeneic transplant recipients (Table 1).

During routine clinical follow-up, renal insuffi-
ciency (increased serum creatinine), proteinuria or
both was identified, prompting renal biopsy. Renal
biopsies were performed 8 months to 14.5 years
after hematopoietic cell transplantation (mean =4.17
years; Table 1). Eight patients presented with
nephrotic range proteinuria (>3.5g/day), seven
with features of the nephrotic syndrome such as
low-serum albumin and edema (Table 1). Ten
patients had serum creatinine greater than 1.5 mg/
dl, and serum creatinine was greater than 4.0 mg/dl
in three of these patients. Thus, six patients had
both nephrotic range proteinuria and elevated
serum creatinine at presentation (Table 1). At the
time of biopsy, all patients were in clinical remis-
sion from their primary (pre-hematopoietic cell
transplant) disease. Of the patients with chronic
graft-versus-host disease, most had ongoing mani-
festations at the time of renal biopsy.

Renal Biopsy Findings

A variety of renal pathologic lesions were identified,
with many biopsies demonstrating multiple histo-
pathologic abnormalities, including membranous
glomerulonephritis, FSGS, minimal change disease,
thrombotic microangiopathy, acute tubular injury/
necrosis, tubulointerstitial nephritis, calcineurin
inhibitor toxicity, and arteriolar hyalinosis (Table
2), described in detail below. In our series, none
of the biopsies showed evidence of pathology
attributable to recurrent disease, including manifes-
tations of excess light chains.

Nearly half of the biopsies in the study cohort
demonstrated membranous glomerulonephritis
(cases 1-7, Table 2, Figure 1a and c), including all
seven patients with full nephrotic syndrome. Classic
pathologic features of membranous glomerulone-
phritis were seen, including thickening of the
glomerular basement membrane at the level of light
microscopy, and granular capillary loop IgG and/or
C3 deposits on immunofluorescence analysis. The
subepithelial deposits were highlighted by immuno-
histochemical staining for C4d, but no C4d staining
was detected in peritubular capillaries in cases of
membranous glomerulonephritis (Table 2). Charac-
teristic subepithelial electron dense deposits were
seen in every case on ultrastructural analysis (Figure
1, Table 2). All five allogeneic hematopoietic cell
transplant recipients with membranous glomerulo-
nephritis had clinical evidence of chronic graft-
versus-host disease. Interestingly, two patients with
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membranous glomerulonephritis had received an
autologous transplant.

Within the membranous glomerulonephritis co-
hort, many biopsies demonstrated other concurrent
pathologic lesions (Table 2). Case 2 showed one
glomerulus with a microaneurysm containing fibrin,
red blood cells, including fragmented red blood
cells, and foam cells, evidence of endothelial injury
(Figure 1c¢). Concomitant acute tubular injury/ne-
crosis was seen in four cases, with interstitial
inflammation (tubulointerstitial nephritis) in two
of these. For example, patient 6 had active inter-
stitial nephritis along with marked acute tubular
injury, including tubular mitotic figures and vacuo-
lization of tubular epithelial cells (Figure 1b).
Features of calcineurin inhibitor toxicity were also
seen in case 3 (described below).

FSGS and minimal change disease were seen in
one case each. Case 8 showed FSGS, with segmental
sclerosis in three glomeruli (Figure 1d), one with
endocapillary foam cells. Further, endothelial injury
and mesangiolysis was seen, along with severe
arteriolar hyalinosis (no calcineurin inhibitor ex-
posure or diabetes mellitus, although the patient
was hypertensive, see hyalinosis below). Biopsy 9
revealed diffuse podocyte foot process effacement
by electron microscopy, consistent with minimal
change disease. Additionally, subendothelial neo-
basement membrane formation suggested prior
endothelial injury; this, together with mesangiolysis
was suggestive of prior thrombotic microangiopathic

injury.
Cases 10 and 11 also showed histologic features of
endothelial injury/thrombotic microangiopathy

(Table 2). The biopsy from patient 10 showed
dramatic histologic findings (Figure 1e and {), with
four glomeruli containing capillary luminal fibrin,
karyorrhectic debris, and endothelial cell swelling.
Further, glomerular basement membrane reduplica-
tion was seen in several loops, indicative of
chronicity. Evidence of vascular thrombi or vascu-
litis was not seen. However, arterioles demonstrated
intimal mucoid edema along with prominent in-
timal and medial hyaline, resulting in near occlu-
sion of some sampled arterioles; arteries were
involved to a lesser degree. This patient had recently
started calcineurin inhibitor therapy, and was
diabetic. Case 11 showed mesangiolysis, with focal
double contouring of glomerular basement mem-
branes on light microscopy, whereas ultrastructural
studies showed segmental separation of endo-
thelium from glomerular basement membrane, and
fibrin tactoids present within a microaneurysm.
Once again, severe arteriolar hyalinosis was present,
though there was no calcineurin inhibitor exposure
in this patient (autologous transplant). None of the
patients with histological features of thrombotic
microangiopathy had malignant hypertension, sys-
temic features of hemolytic uremia syndrome or
thrombotic thrombocytopenic purpura (TTP), or
schistocytes on blood smear. C4d immunohisto-
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Table 2 Renal biopsy pathology

Case Renal Other findings % Glomerular % Tubular  Arteriolar Vessels C4d IgG* C3° Electron microscopy
nos. biopsy sclerosis atrophy hyaline® PTC"
diagnosis

Membranous glomerulonephritis

1 MGN ATN mild 0 10 - - 0 3+ 1+ Subepithelial EDD

2 MGN Microaneursym with fibrin 10 10 - - 0 3+ 1+ Subepithelial EDD

3 MGN CNIT 50 40 2+ Arteriosclerosis NA 2+ 2+ Subepithelial EDD

4 MGN ATN, TIN 20 40 - - 0 2+ 1+ Subepithelial EDD

5 MGN ATN 5 10 — Arteriosclerosis 0 1+ 1+ No glomeruli

6 MGN Mesangial proliferation, 0 30 - Arteriosclerosis NA 3+ - Subepithelial

ATN, TIN EDD > mesangial

7 MGN 0 5 — Arteriosclerosis 0 3+ 2+ Subepithelial EDD,
tubuloreticular
inclusions

Non-membranous

8 FSGS TMA 23 10 3+ Arteriosclerosis 0 — — Subendothelial fluff,
mesangiolysis
9 MCD Endothelial injury 30 10 - Arteriosclerosis 0 - - Podocyte effacement,
subendothelial fluff
10 TMA, Fibrin, ATN 22 50 3+ Mucoid edema 0 —  2+segmental Focal subendothelial
CNIT expansion
11 Chronic 67 50 3+ Arteriosclerosis Z — 1+ mesangial ~ Subendothelial fluff
TMA
12 ATN, TIN 5 >50 2+ Arteriosclerosis 10-20%* — — Focal podocyte
effacement
13 ATN, TIN 54 50 1+ Arteriosclerosis NA - - Wrinkled GBM,
tubuloreticular
inclusions
14 ATN, TIN 38 5 - Arteriosclerosis Z - - Wrinkled GBM
15 ATN, TIN 0 80 - - NA - 3+ TBM Wrinkled GBM,
segmental

podocyte effacement

ATN, acute tubular injury/necrosis; CNIT, calcineurin inhibitor toxicity; EDD, electron dense deposits; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; MCD,
minimal change disease; MGN, membranous glomerulonephritis; TBM, tubular basement membrane; TIN, tubulointerstitial nephritis; TMA, thrombotic microangiopathy.

%Hyaline: — = negative; none identified, 1+ =focal only, 2+ present, 3+ = severe/extensive.

bCad: PTC = peritubular capillary; Z =Zenker’s fixed tissue yielding inconclusive staining; *case 12 showed staining of 10-20% of peritubular capillaries and staining of focal glomerular
endothelial cells. All tested MGN cases showed C4d staining of subepithelial deposits.

“Immunofluorescence pattern granular capillary loop staining unless indicated.
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Figure 1 (a) Membranous glomerulonephritis with mesangial proliferation (case 6); the inset shows subepithelial electron dense deposits
by electron microscopy. (b) Acute tubular injury and tubulointerstitial nephritis (case 6; arrows: eosinophils, interstitial neutrophils are
also seen); the inset shows proximal tubular epithelial cell mitotic figures and simplification with reactive nuclei. (c¢) Autologous
hematopoietic cell transplantation, with membranous glomerulonephritis and endothelial cell injury (case 2), seen as a capillary
microaneurysm containing foam cells (arrows), fragmented red blood cells, and delicate fibrin strands (arrowheads). (d) Focal segmental
glomerulosclerosis (FSGS, case 8); arterioles demonstrate medial muscular hypertrophy and/or hyalinosis. (e) Thrombotic
microangiopathy (case 10), including diffuse endothelial cell swelling and abundant karyorrhectic debris. (f) Features of chronic
thrombotic microangiopathy (case 10), including reduplication of glomerular basement membranes and afferent arteriolar basement
membrane. Arteriolar hyalinosis is prominently seen (left, arrows) as well as interstitial calcification (upper right, arrowheads) (a, d and
f—PAS; b, ¢ and e—H&E; original magnifications light microscopy x 400; electron microscopy x 6000).
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chemical staining was negative in these biopsies as
well (Table 2).

Renal biopsy specimens from nine patients
showed evidence of acute tubular injury/necrosis
or tubulointerstitial nephritis, including four
patients with concomitant membranous glomerulo-
nephritis, as described above (Table 2). The
diagnosis of acute tubular injury/necrosis was based
on findings of ectatic tubules, with loss of brush
border and simplification of tubular epithelial cells.
Reactive-regenerative nuclear atypia and tubular
mitotic figures were also noted in most specimens.
Biopsies with tubulointerstitial nephritis demon-
strated sparse interstitial inflammatory cell infil-
trates in non-atrophic areas of cortex, comprised
predominantly of lymphocytes, some with accom-
panying eosinophils, neutrophils, and/or plasma
cells. Tubulitis was frequently identified; and
edema was variably present (Figure 1b). Cases
with evidence of active tubulointerstitial nephritis
generally also showed a greater degree of tubular
atrophy and interstitial fibrosis, consistent with
chronicity (Table 2). None of the patients except
case 15 had interstitial or tubular basement mem-
brane deposits by immunofluorescence or electron
microscopy. Although medication histories are
incomplete, possible association with medications
was derived in only three patients (case 4 past
history of ibuprofen use; case 13 herbal treatment,
and case 14 exposure to several anti-fungal agents).

Tubular epithelial cell nuclear atypia was seen in
biopsy 12 but there was no evidence of BK polyoma
virus by electron microscopic or immunohistochem-
ical analysis (serum PCR titer peak 130000 copies/
ml 10 weeks post-biopsy). Interestingly, patient 15
had hemorrhagic cystitis with PCR documented
urine JC virus, treated with cidofovir (1 mg/kg, with
concomitant cyclosporine 100mg twice a day) 6
months prior to biopsy. At the time of biopsy, there
was no evidence of viral cytopathy, but significant
tubular atrophy and interstitial fibrosis was seen,
with a sparse lymphocytic infiltrate and occasional
tubulitis.

Of the six patients with documented exposure to
calcineurin inhibitors, two biopsies (cases 3 and 10)
showed findings compatible with calcineurin
inhibitor toxicity. In case 3, there was arteriolar
hyalinosis, and a ‘striped’ pattern of interstitial
fibrosis and tubular atrophy, with clinical suspicion
of calcineurin inhibitor toxicity (serum drug levels
not available). Biopsies from six patients demon-
strated arteriolar hyaline; only three of these had
exposure to calcineurin inhibitor (Tables 1 and 2),
whereas one was diabetic (case 10) and two others
were hypertensive (cases 8 and 10).

Endothelial cell tubuloreticular inclusions were
identified on electron microscopy in biopsies 7 and
13. In terms of known associations with tubulo-
reticular inclusions, case 7 had positive anti-nuclear
antibody (ANA) and rheumatoid factor, but no
known symptoms of systemic lupus erythematosus,
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and each patient and donor had tested negative for
HIV prior to transplantation. Other than both
receiving peripheral blood stem cell transplantation,
common features of hematopoietic cell transplant-
ation or subsequent clinical course were not
identified in these two patients.

Treatment and Outcome

At least five of seven patients with membranous
glomerulonephritis were treated with immunosup-
pressive therapy (Table 1). One patient (case 6) had a
slow response to prednisone and mycophenolate
mofetil, with proteinuria normalization after 5
months, and remission sustained for at least 4 years.
Four patients were treated with rituximab (anti-
CD20) as initial therapy (cases 2 and 7) or as
second-line therapy (cases 4 and 5) due to lack of
improvement with prednisone +/— mycophenolate
mofetil. Complete and sustained remission was
attained in each rituximab treated patient, including
the autologous hematopoietic cell transplantation
recipient (patient 2; Tables 1 and 2). Treatment data
are unavailable for one membranous glomerulone-
phritis patient, and another (case 3) presented with
extensive chronic damage and rapidly progressed to
dialysis without institution of any therapy, and died
38 months later.

Among the patients with non-membranous glo-
merulonephritis, three patients were treated with
immunosuppressive therapy (Table 1). The patient
with FSGS (case 8) was treated with prednisone and
mycophenolate mofetil, and had progressively
increasing serum creatinine and paradoxical resolu-
tion of proteinuria (Table 1). Patient 9 (minimal
change disease, clinical Sjogren’s with positive
anti-Ro/SSA and anti-La/SSB, ANA of 1:320 and
negative anti-ds DNA) was treated with steroids
and mycophenolate mofetil with rapid improvement
of proteinuria and renal function, as well as
resolution of rash. Of patients with acute tubular
injury/necrosis and/or tubulointerstitial nephritis,
renal function improved with decadron and
plasmapheresis in one (case 14), whereas disconti-
nuation of an herbal agent correlated with decreased
serum creatinine in another (case 13). The remain-
der of the patients had no record of specific
treatment, and had progressively increasing serum
creatinine.

Discussion

Previous studies in the literature have focused
primarily on biopsies from hematopoietic cell
transplantation patients presenting with nephrotic
syndrome, or on clinical studies of patients with
chronic kidney disease with little correlative biopsy
data. We studied a series of consecutive renal
biopsies in hematopoietic cell transplant recipients
from two institutions, encompassing patients with



nephrotic and non-nephrotic presentation, includ-
ing a number of patients with autologous hemato-
poietic cell transplantation.

Our study confirms and extends previous reports
of membranous glomerulonephritis in allogeneic
hematopoietic cell transplantation patients, adding
7 additional cases to the 50 cases previously
reported in the literature.*®'*'%'¥2° In our
series, among seven patients with membranous
glomerulonephritis, all five patients with allogeneic
transplants had evidence of chronic graft-versus-
host disease, (in the non-membranous glomerulone-
phritis cohort, only three out of eight patients had
chronic graft-versus-host disease). Importantly, we
also present two patients with biopsy proven
membranous glomerulonephritis after autologous
hematopoietic cell transplantation.

Current evidence has led to the suggestion that
membranous glomerulonephritis is a glomerular
manifestation of chronic graft-versus-host disease;
this notion is primarily based on temporal relation-
ship between cessation of immunosuppressive
therapy, manifestation of renal symptoms, and
association with chronic graft-versus-host disease
in other organs.* Paradoxically, idiopathic membra-
nous glomerulonephritis is considered to be the
result of autoantibodies,***' whereas graft-versus-
host disease had historically been attributed pri-
marily to T cells.****3 However, a role for B cells
and antibodies in chronic graft-versus-host disease
is being increasingly recognized. Chronic graft-
versus-host disease shares clinical manifestations
with various autoimmune diseases, and anti-nuclear
antibodies are often demonstrable.?* Studies have
demonstrated a correlation of chronic graft-versus-
host disease with antibodies to Y-chromosome
encoded minor histocompatibility antigens, called
H-Y antigens, in male hematopoietic cell
transplant recipients with female donors.*® Others
demonstrated the development of anti-nephrin
autoantibodies and mesangioproliferative glomeru-
lonephritis in a mouse model of chronic graft-
versus-host disease after non-myeloablative trans-
plantation.®®

Small studies have separately characterized
efficacy of the anti-CD20 agent rituximab in treat-
ment of chronic graft-versus-host disease,®” and
idiopathic membranous glomerulonephritis.?***
Thus, it is not unexpected that rituximab-treated
hematopoietic cell transplantation recipients with
biopsy proven membranous glomerulonephritis
responded well (three allogeneic and one autolo-
gous transplant). Although other reports have
demonstrated treatment response with rituximab
in hematopoietic cell transplantation patients
with membranous glomerulonephritis/nephrotic
syndrome, many previously reported patients had
only partial remission, and in one case a biopsy was
not performed.*®?**%° Nevertheless, resolution of
graft-versus-host disease and post hematopoietic
cell transplant membranous glomerulonephritis
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with this anti-B-cell agent supports the hypothesis
that B-cell alloreactivity may play a role in both of
these entities."®*>%”

Interestingly, our study also identified two
patients with biopsy proven membranous glomer-
ulonephritis after autologous hematopoietic cell
transplantation. As these patients have not received
foreign cells, classic graft-versus-host disease is,
by definition, not possible. Although we cannot
entirely rule out the possibility of coincident
occurrence of two increasingly common problems:
hematopoietic cell transplantation and membranous
glomerulonephritis; it is proposed that immune
dysregulation attributable to exposure to chemical,
antibiotic, and radiologic manipulation can result
in graft-versus-host disease-like manifestations.
Although none of the autologous transplant patients
in our study showed such symptoms (Table 1), a
syndrome with clinical and biopsy findings similar
to graft-versus-host disease affecting skin, gastro-
intestinal tract, and liver, has been described in few
patients who have undergone autologous hemato-
poietic cell transplantation.®”*® This syndrome
may be preferentially associated with immune
manipulation such as cyclosporine, interferon, or
alemtuzumab treatment during and after transplan-
tation, and current hypotheses include auto-effector
T cells recognizing MHC class II antigens.**™*°
Notably, we report one patient with membranous
glomerulonephritis post autologous transplantation
treated with rituximab who achieved complete renal
remission, again suggesting a role for B cells.

Chronic kidney disease occurs less often in
recipients of autologous as compared to allogeneic
hematopoietic cell transplantation;** however, renal
pathology has been little studied in this setting.
Our study highlights the renal biopsy pathology in
autologous hematopoietic cell transplantation.
In addition to the two patients with membranous
glomerulonephritis, we also report one patient with
minimal change disease, one with chronic thrombo-
tic microangiopathy, and two with acute tubular
injury/necrosis-tubulointerstitial nephritis. Like
membranous glomerulonephritis, minimal change
disease may be associated with graft-versus-host
disease-like autoimmunity, and T-cell alloreactivity
has been hypothesized as a cause of minimal change
disease.>*” Indeed, the patient with minimal change
disease had a positive ANA, other autoimmune
manifestations, and responded to immunosuppres-
sive therapy. Chang et al*® described six autologous
hematopoietic cell transplant recipients in their case
series, and found thrombotic microangiopathy,
polyoma virus nephropathy, tubulointerstitial ne-
phritis, and recurrent amyloidosis, but no other
glomerular pathology. Other individual case reports
post autologous hematopoietic cell transplanta-
tion in the renal literature include type I membra-
noproliferative  glomerulonephritis,*®* mesangial
proliferative glomerulonephritis,*® and endothelial
injury.®® Interestingly, a patient with TTP achieved
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remission with rituximab therapy (no renal biopsy
performed).”® An autopsy series also reported
membranous glomerulonephritis in a patient 7
months after autologous transplantation for breast
carcinoma; however, special stains, electron micro-
scopic, and immunofluorescence studies were not
performed.®?

Hematopoietic cell transplantation patients have
exposure to many factors known to contribute to
endothelial injury including radiation, chemo-
therapy, pathogens, sepsis, immune dysregulation,
and calcineurin inhibitors.>**** None of our
thrombotic microangiopathy patients had either
malignant hypertension or evidence of metastatic
carcinoma at the time of biopsy; only one thrombotic
microangiopathy patient (case 10) had reported
exposure to calcineurin inhibitor. Several thrombo-
tic microangiopathy patients also had marked
arteriolar hyalinosis on biopsy. Although hyalinosis
is not one of the common pathognomonic features of
thrombotic microangiopathy, it is perhaps the result
of insudative lesions at prior sites of thrombosis;>*
alternatively, these findings may be coincidental. No
trends were discernible in terms of primary disease,
peripheral blood vs bone marrow-derived stem cells,
autologous or allogeneic transplant, exposure to
radiation, calcineurin inhibitors, or intensity of
chemotherapeutic conditioning regimen among our
small number of patients with thrombotic micro-
angiopathy or endothelial injury (cases 2, 8-11).

Polyoma virus cystitis and nephritis is a known
complication post hematopoietic cell transplant-
ation.>''® In our series, one patient (case 15) had
mild renal insufficiency prior to intermediate dose
cidofovir treatment for JC viral cystitis. Treatment
correlated with acute increase in serum creatinine,
leading to ESRD. Case reports have documented
cidofovir-induced end stage renal failure, most
commonly in HIV patients treated with high-dose
cidofovir (5mg/kg per dose), and in patients with
elevated pretreatment serum creatinine.>*~*’

In conclusion, renal dysfunction late after hemato-
poietic cell transplantation has a wide spectrum of
etiologies and possible pathogenesis. Renal biopsy
is helpful in elucidating the nature of the renal
insult, and identifying potentially treatable disease
processes. Multiple pathologies are frequently seen,
and correlation with clinical history including
primary disease, type of transplant, immuno-
suppressive, and other medications is important.
This series suggests that a subset of patients could
benefit from anti-B-cell targeted therapy.
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