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Abstract

Collapsing focal segmental glomerulosclerosis (cFSGS) in the native kidney is associated with 

heavy proteinuria and accelerated renal failure. However, cFSGS in the renal allograft is less well 

characterized. Here we report clinico-pathologic features and APOL1 donor risk genotypes in 38 

patients with de novo post-kidney transplant cFSGS. Recipients were 34% female and 26% 

African-American. Concurrent viral infections and acute vaso-occlusion (including thrombotic 

microangiopathy, cortical necrosis, atheroembolization, and cardiac arrest with contralateral graft 

thrombosis) were present in 13% and 29% of recipients, respectively. Notably, 61% of patients had 
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concurrent acute rejection and 47% received grafts from African-American donors, of which 53% 

carried APOL1 high-risk genotypes. These frequencies of acute rejection and grafts from African-

American donors were significantly higher than in our general transplant population (35% and 

16%, respectively). Patients had a median serum creatinine of 5.4mg/dl, urine protein/creatinine 

3.5 g/g, and 18% had nephrotic syndrome. Graft failure occurred in 63% of patients at an average 

of eighteen months post-index biopsy. By univariate analysis, donor APOL1 high-risk genotypes, 

post-transplant time, nephrotic syndrome, and chronic histologic changes were associated with 

inferior graft survival while acute vaso-occlusion was associated with superior graft survival. 

Donor APOL1 high-risk genotypes independently predicted poor outcome. Compared to native 

kidney cFSGS, post-transplant cFSGS had more acute vaso-occlusion but less proteinuria. Thus, 

de novo cFSGS is associated with variable proteinuria and poor prognosis with potential 

predisposing factors of African-American donor, acute rejection, viral infection and acute vaso-

occlusion. Additionally, donor APOL1 high risk genotypes are associated with higher incidence 

and worse graft survival.

Keywords

Collapsing glomerulopathy; Acute rejection; Acute vaso-occlusion; African-Americans; APOL1 
genotypes; Kidney transplantation

Introduction

Collapsing focal segmental glomerulosclerosis (cFSGS), also called collapsing 

glomerulopathy, is defined by the presence of at least one glomerulus with segmental or 

global wrinkling and retraction of the glomerular basement membranes accompanied by 

hypertrophy and hyperplasia of overlying glomerular epithelial cells1. cFSGS is typically 

characterized by massive proteinuria, elevated serum creatinine, and rapid progression to 

end-stage renal disease (ESRD)2–5. While described as idiopathic in 39 to 77% of reported 

cases6, 7, cFSGS has recognized associations with viral infections [mainly HIV, and to a 

lesser extent parvovirus, cytomegalovirus (CMV), and Epstein-Barr virus (EBV)], 

medications [e.g., interferon (IFN) and pamidronate], vaso-occlusive disease [e.g. 

thrombotic microangiopathy, cortical necrosis and athero-embolization], hemophagocytic 

syndrome, and collagen vascular diseases8–13. Genetically, cFSGS has a strong association 

with APOL1 high-risk genotypes in African-Americans (AA)14and a probable association 

with HLA-B44 or HLA-DR4 in Caucasians2. IFN appears to be an important mediator, as 

supported by association of cFSGS with IFN treatment12 and conditions that promote IFN 

production such as intercurrent viral infections, collagen vascular diseases, and 

hemophagocytic syndrome15–17. Moreover, IFN has been shown to upregulate the 

expression and enhance the effects of APOL1 in podocytes and endothelial cells18. 

Oxidative stress also appears to play a pathogenetic role3, as evidenced by the association of 

acute vaso-occlusion with cFSGS9, 19. However, the latter pathway may not be completely 

independent from IFN given the causative association between IFN and several types of 

vaso-occlusive disease, including thrombotic microangiopathy20, 21.
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In the kidney transplantation (KTx) setting, cFSGS can manifest as de novo or recurrent 

disease. Several studies have attempted to investigate post-KTx cFSGS (Supplemental 
Table 1). Most were small22–27 and the largest combined 20 cFSGS cases with other forms 

of post-KTx FSGS, where patients with cFSGS were not separately evaluated28. Although 

some studies suggested that post-KTx cFSGS may be different from cFSGS in the native 

kidney24–26, none directly compared demographic, clinical and pathologic parameters 

between these entities. This manuscript reports the natural history, presenting features, donor 

APOL1 genotypes and prognosis of de novo post-KTx cFSGS in 38 cases diagnosed at 

Columbia University Medical Center (CUMC). These cases are contrasted with presenting 

clinical and biopsy findings in 255 cases of cFSGS in the native kidney.

Results

Demographic, clinical, and pathologic features:

Between 2005 and 2017, 38 adult kidney allograft recipients (18 years or older) had one or 

more renal biopsies with de novo cFSGS (Figure 1A). Recipients had a median age of 57 

years and included 34% women and 63% recipients of deceased donor allografts (Table 1). 
This cohort included AA (n=10, 26%), Caucasians (n=13, 34%), Hispanics (n=10, 27%), 

and others (n=5, 13%). Notably, 18 (47%) of the recipients received an allograft from a total 

of 17 AA donors. Remaining grafts were received from Caucasian (n=16, 42%) or Hispanic 

(n=4, 11%) donors. The presence of either HLAB44 or HLADR4 serotypes were noted in 

24% of Caucasian recipients and 31% of Caucasian donors. Thirty-one donors were 

successfully genotyped for APOL1.Of the donors that could not be typed (n=8), three 

Caucasians were assumed to have APOL1 low-risk genotypes given the rare incidence of 

APOL1 high-risk genotypes in this population29. Altogether, APOL1 data were analyzed in 

grafts of 34/38 kidney allograft recipients, of which 9 had high-risk APOL1 genotypes (8 

AA and 1 Hispanic). Therefore, of the 18 grafts from AA donors, 15 (83%) were 

successfully genotyped and 53% (8 of 15) had APOL1 high-risk genotypes (Table 1).

The most common reported cause of ESRD was hypertension (29%) followed by diabetes 

(18%) and glomerulonephritis (16%) (Table 1). Biopsy samples were obtained a median of 

231 [Interquartile (IQR): 14, 1000] days after transplantation. At the time of index biopsy, 

95% of patients were maintained on calcineurin inhibitors and 82% on mycophenolate 

mofetil. Furthermore, 42% of patients were receiving corticosteroids and 8% sirolimus. At 

biopsy, the median serum creatinine was 5.4 mg/dl (IQR: 3.4, 6.8). Notably, 5 patients were 

still experiencing delayed graft function at the time of biopsy. Median urine protein/

creatinine was 3.5 g/g (IQR: 1.3, 6.5) while full nephrotic syndrome was present in only 

18% of patients. Traditional causes of cFSGS were noted in <40% of patients and included 

active viral infections [CMV (n=3), Parvovirus (n=1) and EBV (n=1)] and/or acute vaso-

occlusive disease (n=11, of whom 1 had EBV infection) (Table 1).

Acute vaso-occlusion occurred at a median of 12 (IQR: 9–325) days post-transplantation and 

none of these 11 patients had received a graft from a donor with APOL1 high-risk 

genotypes. All but one (10/11; 91%) of these cases were diagnosed solely by allograft 

biopsy, which showed cortical necrosis (n=6), active thrombotic microangiopathy (n=2), and 

athero-embolization (n=2) (Figure 1B-D). In the remaining case, the diagnosis was rendered 
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based on a combination of clinical, radiology and biopsy findings. Directly after 

transplantation, this patient who received a dual kidney transplant, experienced a respiratory 

and cardiac arrest lasting 5 minutes. Despite successful resuscitation, renal ultrasound with 

Doppler revealed no perfusion to the left allograft that failed and was removed, while a 

subsequent biopsy of the surviving allograft performed 9 days post-transplantation revealed 

cFSGS and acute tubular necrosis that were not evident on the post-reperfusion biopsy.

Detailed pathologic characteristics are presented in Table 2. Concurrent acute rejection was 

present in 23 (61%) patients and was characterized as borderline changes (n=7), overt acute 

T cell mediated rejection (n=9, Figure 1E), antibody-mediated rejection (n=2, Figure 1F), 

or mixed rejection (n=5). A median of 14% of sampled glomeruli had collapsing lesions and 

tubular microcysts were identified in 13% of biopsies. Median arteriolar hyalinosis score 

was 1 and only 4 biopsies demonstrated well developed “beaded” hyalinosis. The 8 allograft 

biopsies assessed by electron microscopy showed variable foot process effacement (median: 

70%, range: 15– 100%)

Comorbidities/Risk factors

The cohort with de novo post-KTx cFSGS had a high percentage of acute rejection episodes 

and allografts from AA donors. To explore the potential that these were significant 

contributors to the development of post-KTx cFSGS, demographic information and acute 

rejection episodes were compared with a historic cohort of all patients who underwent renal 

transplantation at CUMC between 2006 and 2009 (n=773). As shown in Figure 2 and 

Supplemental Table 2, patients with de novo post-KTx cFSGS were more likely to have 

received allografts from an AA donor and had a much higher frequency of acute rejection 

episodes (the frequency of concurrent rejection episodes in de novo cFSGS was higher than 

that observed in general transplant controls during 59±32 months of post-transplant follow-

up). In contrast, only 3 (8%) of de novo post-KTx cFSGS were maintained on sirolimus. 

This was comparable to the ~5% of our kidney transplant population.

Treatment and outcome

Treatment was variable and aimed often at concurrent conditions such as rejection or viral 

infection. Seventeen patients (45%) were treated conservatively while the remaining 21 

received one or more of the following: corticosteroids, IVIG, plasmapheresis, lymphocyte 

depletion therapy, valganciclovir, or conversion from one maintenance immunosuppression 

regimen to another (Table 3). Data on short-term outcome (within 100 days post-biopsy) 

was available in 32 patients; none had complete remission and 34% had partial remission. 

Median follow-up after index biopsy was 16 (IQR: 5, 54) months. Allograft failure 

developed in 24/38 (63%) patients at a median of 8 months after index biopsies (IQR: 2, 22 

months) (Figure 3A). Patients with partial remission had longer allograft survival compared 

to those with persistent renal dysfunction (Figure 3B). Follow-up biopsies were available in 

25 patients and did not demonstrate lesions of cFSGS in 15. Notably, 13/15 (87%) of the 

latter patients had one or more of potentially reversible risk factors, including acute vaso-

occlusion (n=8), acute rejection (n=8), and viral infection (n=2). Remarkably, 11/15 (73%) 

of the patients without cFSGS on follow-up biopsies maintained graft function until the end 

of follow-up [57 (IQR: 19, 66) months post-index biopsy] with a median last serum 
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creatinine of 1.8 (IQR: 1.6, 3) mg/dL. Allograft survival in the latter subgroup was superior 

to that in patients with persistent cFSGS on follow-up biopsies (Figure 3C).

Prognostic indicators

Given the poor prognosis of de novo post-KTx cFSGS, variables associated with allograft 

outcome were analyzed. By univariate Cox regression, acute vaso-occlusive disease was 

significantly associated with superior allograft survival. In contrast, donor high-risk APOL1 
genotypes, post-transplant interval to biopsy, nephrotic syndrome, percentage of global 

glomerulosclerosis, and histologic scores of interstitial fibrosis/tubular atrophy, 

arteriosclerosis, and arteriolar hyalinosis were all significantly associated with shorter 

allograft survival (Table 4). Using Cox multivariable analysis that included the 8 significant 

variables in univariate analyses, both acute vaso-occlusive disease and donor APOL1 high-

risk genotypes were independently associated with allograft outcome (Table 4). To avoid 

potential overfitting in multivariable analysis, we also used a step-up method that would 

only include the variables that were significant. The latter analysis kept APOL1 high-risk 

genotypes [HR: 6.6 (1.9 – 23), P=0.003) and interstitial fibrosis scores [HR: 3.1 (1.8 – 5.3), 

P<C0.001) as the only significant predictors while acute vaso-occlusion did not appear in the 

stepwise model. Together, findings confirmed the prognostic importance of APOL1 high-

risk genotypes in post-KTx cFSGS.

APOL1 high-risk genotypes in the donors

Finally, the 9 patients with cFSGS who received allografts from donors with APOL1 high-

risk genotypes were analyzed separately (Table 5). With regard to comorbidities, 7/9 (78%) 

of these patients had concurrent acute rejection (n=6) or viral infection (n=1) while the 

remaining two had a prior history of viral infection with/without acute rejection. In contrast, 

none of them had concurrent acute vaso-occlusive disease. These 9 patients were then 

compared to patients who received allografts harboring APOL1 low-risk genotypes 

(Supplemental Table 3). Despite the small sample size, recipients of grafts with APOL1 
high-risk genotypes had less vaso-occlusion but more proteinuria and tubular protein 

reabpsortion droplets, and a trend toward higher percentage of collapsed glomeruli and 

nephrotic syndrome. When donors were stratified based on donor race and APOL1 
genotypes, patients receiving grafts from AA donors with APOL1 high-risk genotypes had 

worse allograft survival than these receiving their allografts from AA donors with low-risk 

genotypes or from Caucasian donors (Figure 4).

Comparison with cFSGS in native biopsies

To assess whether cFSGS that occurs in the allograft differs from cFSGS in the native 

kidney, de novo post-KTx cFSGS (n=38) was compared with native cFSGS (n=255). De 
novo post-KTx cFSGS occurred in older patients who were less likely to be AA and was 

associated with less proteinuria, higher serum albumin, and lower incidence of full nephrotic 

syndrome (Table 6). De novo post-KTx cFSGS was more likely associated with acute vaso-

occlusive disease and less likely associated with HIV infection (the latter largely the result 

of transplant restriction of HIV population). Post-KTx cFSGS showed less 

glomerulosclerosis and tubulointerstitial scarring than in native kidney disease, probably 

Santoriello et al. Page 5

Kidney Int. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reflecting earlier disease in the allograft where renal function is frequently monitored (Table 
6).

Discussion

Reports examining de novo cFSGS in the allograft setting are limited to small case series 

(Supplemental Table 1), which suggested that post-KTx cFSGS might differ from cFSGS 

in native kidneys given the relatively low incidence of nephrotic syndrome and high 

frequency of acute vaso-occlusive disease. The current study represents the largest clinico-

pathologic study of de novo post-KTx cFSGS to date and confirms that this pattern of 

glomerular injury is associated with poor long-term allograft survival and variable degrees of 

proteinuria, typically lacking overt nephrotic syndrome. Compared to cFSGS in native 

kidneys, post-KTx cFSGS had a higher incidence of acute vaso-occlusive disease but less 

proteinuria and a lower incidence of nephrotic syndrome. While disparities in proteinuria 

may be partly attributable to post-transplant immunosuppression and lead time effect, the 

small sample of post-KTX cFSGS that underwent electron microscopic assessment 

precluded meaningful correlations with degree of foot process effacement.

We confirmed traditional risk factors for de novo post-KTx cFSGS in 39% of patients, 

including acute vaso-occlusion and/or concurrent viral infection. In addition, when 

compared to the general transplant population at CUMC, patients with post-KTx cFSGS 

were more likely to have received a kidney from an AA donor and to have acute rejection 

episodes, often concurrent with the onset of cFSGS (Figure 2). The high frequency of 

allografts received from AA donors in our cohort suggested a potential role for genetic 

factors in development of de novo post-KTx cFSGS. Shah et al. reported that two patients 

who developed de novo cFSGS received a kidney from the same deceased donor with an 

APOL1 high-risk genotype30. In our cohort, 15 allografts were donated from AA donors, 8 

(53%) of which had APOL1 high-risk genotypes. This is considerably higher than the 13% 

frequency seen in the general AA population31 and suggests that donor APOL1 genotypes 

may contribute to post-KTx cFSGS. Despite the small sample size, patients with cFSGS 

who received allografts from donors with APOL1 high-risk genotypes had more proteinuria 

and a trend toward higher percentage of collapsed glomeruli compared to those who 

received allografts with APOL1 low-risk genotypes.

The mechanisms of APOL1-associated podocyte injury remain to be defined, but may 

involve enhanced expression of APOL1 risk variant proteins by IFN and other innate 

immune system signaling pathways. This could result in disrupted intracellular vesicle 

trafficking and autophagy with subsequent podocyte loss18, 32 which, if true, could trigger 

rapid parietal epithelial cell proliferation, producing a pattern of cFSGS33. Indeed, this 

mechanism has been proposed to explain the association between APOL1 high-risk 

genotypes and cFSGS secondary to HIV, lupus, and IFN treatment in native kidneys18, 34, 35. 

In the allograft setting, acute rejection could increase IFN36, 37 or other cytokine levels 

promoting cFSGS by a similar mechanism. Indeed all patients with post-KTx cFSGS who 

received allografts from APOL1 high-risk donors had a concurrent or recent history of acute 

rejection or active viral infection (Table 4).
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A prior study in native cFSGS showed that 100% of Caucasian patients harbored either 

HLA-B44 or HLA-DR4 alleles2. In our post-KTx cFSGS cohort, only 24% of Caucasian 

recipients and 30% of Caucasian donors had HLA-B44 or HLA-DR4, similar to healthy 

Caucasians (B44: 32% and DR4: 25%). Although case reports proposed that sirolimus is 

associated with post-KTx cFSGS38, 39, this study was unable to detect an association. Prior 

studies suggested that chronic calcineurin inhibitor toxicity could lead to post-KTx 

cFSGS22, 23, 25. Although this may be confounded by the high percentage of early biopsies 

in this study (55% within the 1st year after transplantation), the low arteriolar hyalinosis 

scores and the comparable degree of vascular sclerosis in native kidneys with cFSGS do not 

support a primary role for chronic calcineurin inhibitor toxicity in our cohort.

To our knowledge, this is the first report to identify prognostic factors in patients with post-

KTx cFSGS. Patients who had either partial clinical response or absence of cFSGS on 

follow-up biopsies had longer graft survival than those with persistent allograft dysfunction 

or persistence of cFSGS in subsequent biopsies. On univariate analysis, donor APOL1 high-

risk genotypes, post-transplant interval to biopsy, nephrotic syndrome, extent of global 

glomerulosclerosis and tubulointerstitial scarring, and severity of vascular sclerosis were 

associated with inferior graft survival. In contrast, acute vaso-occlusion was associated with 

favorable graft survival. In these patients, the presumably localized pattern of injury 

(collapsed glomeruli were typically adjacent to zones of cortical infarction or in profoundly 

ischemic glomeruli) and the lack of donor APOL1 high-risk genotypes may explain their 

superior outcome. In two subsequent multivariable analyses, donor APOL1 high-risk 

genotypes remained significantly associated with graft outcome. Donor APOL1 high-risk 

genotypes account for much of the increased risk of graft failure from AA deceased donor 

kidneys relative to those from donors of European ancestry40, 41.

The current report is the largest study of de novo post-KTx cFSGS and the first to 

systematically assess APOL1 genotyping in kidney donors and to compare presenting 

clinical and pathologic features with a large cohort of cFSGS in native kidneys. Although 

this study is also the first to investigate prognostic variables in de novo cFSGS, the results of 

the multivariable analyses need to be confirmed by a larger study. Limitations of this study 

include the inadequate electron microscopic assessment in allograft biopsies and the lack of 

assessment of APOL1 genotyping and outcome in native cFSGS controls.

In conclusion, de novo post-KTx cFSGS is a pattern of glomerular injury associated with 

variable proteinuria and shortened graft survival. AA donors, especially those harboring 

APOL1 high-risk genotypes, may predispose recipients to cFSGS when exposed to second 

hits, such as acute rejection or viral infection that could activate podocyte innate immune 

pathways. Hence, cFSGS is associated with high proteinuria and inferior transplant 

outcomes in grafts from APOL1 high-risk donors. Prospective studies will be required to 

assess the true risk of cFSGS in kidney transplants from APOL1 high-risk donors prior to 

altering the allocation of donor kidneys. Additional studies are also needed to address 

potential roles of IFN and other molecular mediators of podocyte injury and cFSGS. That 

said, our data suggests that mitigation of these “second hits” has the potential to improve 

graft outcomes.
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Material and Methods:

This study was performed under the approved guidelines of the institutional review board of 

CUMC. Allograft biopsies with cFSGS were identified retrospectively from the archives of 

the Renal Pathology Laboratory of CUMC from 1/2005 to 1/2017 by searching the “final 

diagnosis” for the words of “collapsing” or “collapse” and excluding biopsies with “immune 

complex glomerulonephritis”. Only patients >18 years of age at the time of biopsy who had 

de novo cFSGS and who were treated at CUMC were included. The first post-transplant 

biopsies with cFSGS were considered the “index biopsies”. These biopsies were re-reviewed 

jointly by two renal pathologists (DS and IB) and cases were included when consensus was 

achieved about meeting criteria for cFSGS as defined by the Columbia classification of 

FSGS1. Thirty-eight cases were identified. Demographic, clinical, and laboratory parameters 

were extracted from medical records. Nephrotic range proteinuria and hypoalbuminemia 

were defined as urine protein to creatinine ratio >3.5 g/day and serum albumin <3.0 g/dL, 

respectively. Nephrotic syndrome was defined as presence of nephrotic range proteinuria, 

hypoalbuminemia, and greater than trace peripheral edema.

Pathologic assessment

(A) All 38 biopsies were processed by standard techniques of light microscopy (stained with 

Hematoxylin and eosin, periodic acid–Schiff, Masson trichrome and Jones methenamine 

silver) and stained for C4d (37 by immunofluorescence and 1 by immunoperoxidase). 

Histologic parameters were evaluated according to the 2015 Banff criteria for renal allograft 

pathology42. Acute T cell mediated rejection was defined by the presence of borderline or 

greater changes (grades IA-III) (B) Immunofluorescence panel staining was performed in 27 

(71%) index biopsies and in 7 (18%) allograft biopsies performed within 2 months of the 

index biopsy (C) Electron microscopy was performed in 9 biopsies. Foot process effacement 

was assessed in glomeruli that did not show collapsing or other segmental sclerotic lesions 

and as such could be evaluated in 8 of these 9 biopsies. Foot process effacement was 

reported as focal, extensive, and diffuse when involving <50%, 50–80%, and >80% of the 

glomerular capillary surface areas, respectively2.

APOL1 genotyping from kidney donors

Detailed methodology for DNA extraction and APOL1 genotyping are provided in the 

Supplemental material. Six kidney donors (one of whom donated kidneys to 2 recipients) 

had DNA available from whole blood for APOL1 genotyping. Twenty-four donors had 

APOL1 genotyping performed on DNA extracted from formalin-fixed paraffin-embedded 

allograft biopsies. High-risk genotypes were defined by the presence of 2 renal-risk alleles 

(G1/G1; G2/G2, or G1/G2). Due to the lack of donor cells, residual tissue, or the suboptimal 

quality of DNA extracted from biopsies, APOL1 genotyping could not be performed in 7 

donors (3 Caucasians, 3 AA, and 1 Hispanic). Given the low probability (<0.4%) of 

Caucasians (including these with chronic kidney disease) to harbor APOL1 renal high-risk 

genotypes29, the three un-typed Caucasian donors were presumed to have APOL1 low-risk 

genotypes. In total, APOL1 data were analyzed in kidney allografts of 34/38 (89%) 

recipients who developed post-KTx cFSGS.
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Follow-up and outcome

The primary end-point was graft failure, defined as re-initiation of renal replacement 

therapy. Renal replacement therapy was initiated a few days before the index biopsy in two 

patients, both of whom remain on chronic dialysis. For analysis, graft failure in these two 

patients was attributed to cFSGS. To assess short-term outcome (100 days post-biopsy), the 

following definitions were applied: (1) Complete remission: decreased proteinuria to <0.5 

g/g with serum creatinine < 1.5 mg/dL (2) Partial remission: reduction in proteinuria by at 

least 50% and to <2 g/g with stable kidney function (<20% increase in serum creatinine) (3) 

Persistent renal dysfunction: failure to meet criteria for either complete or partial remission. 

Follow-up biopsies were assessed for the presence of cFSGS.

Controls

(1) To explore relevant comorbidities, the cohort of 38 patients with post-KTx cFSGS was 

compared to all 773 adult patients (>18 years) who underwent renal transplantation at 

CUMC between 1/2006 and 12/2009 (combining patients who received living and deceased 

allografts and including sensitized and non-sensitized recipients). This period of time was 

selected because of the availability of the data, which was partially published elswhere43.

(2) To assess whether cFSGS developing in the transplant versus in the native kidney differs 

with respect to demographic and clinico-pathologic characteristics, post-KTx cFSGS 

patients were compared to 255 controls with cFSGS in the native kidney retrieved from 

CUMC files during the same time period (2005–2017) using similar inclusion criteria 

(patients >18 years, immune complex-mediated glomerulonephritis excluded, and cases 

reviewed jointly by 2 renal pathologists).

Statistical analysis

Statistical analysis was performed using Prism 5 2007 (GraphPad Inc., San Diego CA) SPSS 

Statistics 24 (IBM, Armonk, NY), and Stata-11 (StataCorp, LP, College Station, Texas). 

Continuous data were presented as median and IQR (25th and 75th percentile). Semi-

quantitative values were additionally presented as mean ±standard deviation (SD). 

Continuous variables were compared using Mann-Whitney test while categorical variables 

were compared using Fisher’s exact test. Non-significant values by Fisher exact test were 

confirmed by mid-p and Chi-square tests and discrepancies, if any, were noted in the tables. 

Graft survival was assessed by the Kaplan-Meier method and univariate comparisons were 

performed using log rank test. Cox proportional hazards (PH) univariate analyses for several 

demographic and clinico-pathologic variables were used to guide the selection of variables 

for multivariable analysis whenever these results were significant. To avoid the issue of 

overfitting, a step-up method was employed (forward stepwise likelihood ratio) that would 

only include the variables that were significant at the 0.05 level in the final model. P values 

<0.05 with two-sided hypothesis testing were considered statistically significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Representative photo-micrographs of post-KTx cFSGS and accompanying histologic 
lesions
(A) A glomerulus showing features of cFSGS in an allograft biopsy. Note the glomerular 

tuft collapse and the prominence of epithelial cells (Jones’ Methenamine Silver stain; 

original magnification x600) (B) An allograft with cortical necrosis involving most of the 

low power view image and ~25% of total sampled cortex (hematoxylin and eosin, original 

magnification x100) (C) An allograft with thrombotic microangiopathy. The arteriole 

displays near occlusion of its lumen and shows segmental fibrinoid necrosis (arrows). 

cFSGS is seen in the adjacent glomerulus (hematoxylin and eosin stain, original 

magnification x400) (D) An allograft with arterial athero-emboli manifested as empty 

needle-shape spaces (because of the dissolving of cholesterol during preparation) that are 

surrounded by giant cells (arrow) (periodic acid–Schiff stain, original magnification x400) 

(E) An allograft with grade 1B acute T cell ediated rejection. Note the interstitial 

inflammation and severe tubulitis (arrow) (periodic acid–Schiff stain, original magnification 

x400). (F) An allograft with antibody-mediated rejection showing diffuse C4d staining in 

peritubular and glomerular capillaries (immunofluorescence C4d staining, original 

magnification x100).
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Figure 2: Comparison of demographic data in cases with post-KTx cFSGS and the general 
transplant population at Columbia University Medical Center
Demographic information were compared between our cohort and all patients who 

underwent kidney transplantation at CUMC between 2006 and 2009 including crossmatch 

positive and ABO-incompatible patients (n=773). Acute rejection in general transplant 

cohort was calculated during a follow-up of 59 ±32 months from transplantation while it was 

only considered at that time of index biopsy in the de novo post-KTx cFSGS cohort. (* 

P<0.05; for more detailed analysis, please refer to Supplemental Table 1).
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Figure 3: Graft survival in post-KTx cFSGS
(A) Kaplan–Meier curve for post-biopsy cumulative kidney allograft survival in patients 

with de novo post-KTx cFSGS (n=38) (B) Curves for patients who had short term partial 

response vs. these who had persistent dysfunction (P<0.001) (C) Curves for patients who 

had absence or persistence of cFSGS on follow-up biopsies are also shown (P<0.001).
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Figure 4: Allograft survival in patients stratified by donor race and APOL1 genotype
Kaplan–Meier survival curves for post-biopsy cumulative kidney allograft survival in 

patients stratified as receiving grafts from AA donors with APOL1 high-risk genotypes, AA 

donors with APOL1 low-risk genotypes, and Caucasian donors (P=0.03)

AA donors/APOL1 high-risk genotypes vs. AA donors/APOL1 low-risk genotypes 

(P=0.029)

AA donors/APOL1 high-risk genotypes vs. Caucasian donors (P=0.026)

AA donors/APOL1 low-risk genotypes vs. Caucasian donors (P=0.76)
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Table 1:

Demographic and clinical characteristics of post-KTx cFSGS

Characteristics n=38

Recipients age (years) 57 (47, 65)

Recipients gender (female) 13/38 (34%)

Recipients race (AA) 10/38 (26%)

Recipient HLA (B44 or DR4) 11/38 (29%) [3/13; 24% of Caucasians]

Allograft source (deceased donors) 24/38 (63%)

Allograft from AA donor 18/38 (47%)

Allograft from donor with APOL1 high-risk genotypes
1 9/34 (26%) [8/15; 53% of AA]

HLA-B44 or HLA-DR4 in donors 11/37 (30%) [5/16; 31% of Caucasians]

Etiology of ESRD
   - Hypertension
   - Diabetes

   - Glomerulonephritis
2

   - Polycystic kidney disease
   - Calcineurin inhibitor toxicity
   - Others
   - Unknown

 
11/38 (29%)
7/38 (18%)
6/38 (16%)
4/38 (11%)
3/38 (8%)
4/38 (10%)
3/38 (8%)

Post-transplant interval to biopsy (days) 231 (14, 1000) [21/38 (55%) within the
1st year post-transplantation]

Maintenance immunosuppression 
3

   -  Calcineurin inhibitor
   -  Mycophenolate mofetil
   -  Corticosteroids
   -  Sirolimus
   -  Belatacept
   -  Azathioprine

 
36/38 (95%)
31/38 (82%)
16/38 (42%)
3/38 (8%)
2/38 (5%)
1/38 (3%)

Serum creatinine at biopsy (mg/dL) 5.4 (3.4, 6.8)

Urine protein/creatinine at biopsy (g/g) 3.5 (1.3, 6.5)

Serum albumin at biopsy (g/dL) 3.2 (2.8, 3.7)

Nephrotic range proteinuria 19/37 (51%) (NA in 1)

Nephrotic syndrome 7/38 (18%)

Circulating donor-specific antibody
4 8/26 (31%)

Traditional causes of collapsing FSGS
5

   -  Viral infection
   -  Acute vaso-occlusive disease

15/38 (39%)
5/38 (13%)
11/38 (29%)

- Abbreviations: AA; African American; ESRD, end stage renal disease

1
Data on APOL1 genotypes was not available for 7 donors; Given the extremely low positivity in Caucasians without kidney disease, APOL1 risk 

genotypes were considered absent in 3 Caucasian donors not genotyped

2
Glomerulonephritis included lupus nephritis (n=2), IgA nephropathy (n=2), ANCA-associated (n=1), and anti-glomerular basement membrane 

glomerulonephritis (n=1)

3
Calcineurin inhibitors include tacrolimus (n=33) and cyclosporine (n=3). Although our protocol is steroids-free, the high proportion of patients on 

corticosteroids may be attributed to early biopsies (patients still on taper corticosteroids) or to biopsies from patients with previous immunologic 
complication(s) (e.g. prior rejection) that necessitate re-initiation of corticosteroids. A few patients were maintained on sirolimus or Belatacept with 
concurrent low dose of calcineurin inhibitors
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4
Data on circulating donor-specific antibody within 2 months of biopsy was available for 26 patients

5
Viral infections were assessed by PCR in the plasma. One patient had both EBV infection and cortical necrosis
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Table 2:

Pathologic characteristics of post-KTx cFSGS

Concurrent acute rejection
   -   Mixed rejection
   -   AMR
   -   TCMR
     ࿀ Borderline
     ࿀ 1A
     ࿀ 1B
     ࿀ 2A

23/38 (61%)
5/38 (13%) [TCMR: BL: 4, 2A: 1]
2/38 (5%)
16/38 (42%)
  7/16
  5/16
  1/16
  3/16

Glomeruli (#) 15 (12, 20)

Arteries (#) 2 (2, 3)

Global glomerulosclerosis (%) 11 (0, 25)

Collapsed glomeruli (%) 14 (8, 19)

Non-collapsed segmental sclerosis (%) 0 (0, 10)

Interstitial inflammation (i: 0–1) 1 (0, 1) [0.9 ±0.9]

Tubulitis (t: 0–3) 1 (0, 1) [0.8 ±0.9]

Intimal arteritis (v: 0–3) 0 (0, 0) [0.1 ±0.3]

Peritubular capillaritis (ptc: 0–3) 0 (0, 1) [0.6 ±1.0]

Glomerulitis (g: 0–3) 0 (0, 0) [0.2 ±0.6]

Transplant glomerulopathy (cg: 0–3) 0 (0, 0) [0.1 ±0.4]

Interstitial fibrosis (ci: 0–3) 1 (0.3, 2) [1.4 ±1.1]

Tubular atrophy (ct: 0–3) 1 (1, 2) [1.4 ±1.1]

Arteriosclerosis (0–3) 1 (1, 2) [1.4 ±0.9]

Arteriolosclerosis (0–3) 1 (1, 2) [1.3 ±0.9]

C4d staining in peritubular capillaries (ptc0–3) 0 (0, 0) [0.3 ±0.9]

Protein droplets in glomerular epithelial cells 31/38 (82%)

Prominent protein droplets in tubules 16/38 (42%)

Tubular microcysts 5/38 (13%)

Foot process effacement (%) 
1

  -  Focal
  -  Extensive
  -  Diffuse

70 (48, 93)
2/8 (25%)
3/8 (37.5%)
3/8 (37.5%)

- Abbreviations: AMR, antibody-mediated rejection; TCMR, acute T cell mediated rejection Semi-quantitative values were presented as median 
(IQR1, IQR3) and mean ±SD

1
Evaluation of foot process effacement was available only for 8 biopsies.
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Table 3:

Treatment and clinico-pathologic follow-up of post-KTx cFSGS

Concurrent conditions Treatments

Mixed rejection (n=5) 3/5: Plasmapheresis with IVIG (n=2) or thymoglobulin T cell depletion (n=1)

2/5: Conservative treatment
1

AMR (n=2) 1/2: Plasmapheresis and conversion from cyclosporine to tacrolimus
1/2: IVIG and conversion from tacrolimus to Belatacept

TCMR (n=16) 1/16: OKT3 T cell depletion and steroids
8/16: Steroids with IVIG (n=2), plasmapheresis (n=1 for diffuse FPE) or conversion

   from maintenance IS to another (n=3)
2

1/16: Valganciclovir (for concurrent viral infection)
1/16: Plasmapheresis only (for diffuse FPE; patient was recently treated for previous
   acute rejection)
1/16: IVIG only

4/16: Conservative treatment (1 with concurrent viral infection)
3

Viral infection without
acute rejection (n=3)

2/3: IVIG with Valganciclovir (n=1) or steroids (n=1)
1/3: Conservative treatment

Others (n=12) 10/12 Conservative treatment
1/12 Steroids
1/12 Conversion from tacrolimus to Belatacept

Abbreviations: AMR, antibody-mediated rejection; FPE, foot process effacement; IS, immunosuppression; IVIG, intravenous immunoglobulin; 
TCMR, T cell mediated rejection

1
Conservative treatment in mixed rejection was given to 2 patients: Both had their TCMR characterized as “borderline changes”. With regard to 

AMR, the 1st had an ABO-incompatible graft and just completed peri-transplant desensitization treatment before the biopsy. The 2nd had C4d-
negative AMR. At the time of biopsy, this category was not correctly as an AMR by Banff criteria

2
Conversion IS in TCMR included rapamycin to tacrolimus (n=1), rapamycin to lefunomide (n=1) and tacrolimus to Belatacept (n=1)

3
Conservative treatment in TCMR (n=4): all had borderline changes of whom 1 had a concurrent viral infection, 2 had been recently treated for 

previous acute rejection, and 1 had severe chronic changes
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Table 4:

Univariate and multivariable analyses of the association of different variables with graft survival

Variables Univariate Multivariate (n=34) 
*

HR (95% CI) P value HR (95% CI) P value

Recipient age 1.0 (0.98 – 1.05) 0.35

Recipient female gender 1.6 (0.72 – 3.66) 0.25

Recipient AA race 1.0 (0.41 – 2.64) 0.94

Recipient HLA (B44 or DR4) 0.7 (0.26 – 1.65) 0.37

Allograft deceased donor 0.8 (0.34 – 1.70) 0.51

Allograft from AA donor 1.6 (0.68 – 3.56) 0.29

Donors HLA (B44 or DR4) 1.4 (0.59 – 3.33) 0.44

Post-transplant interval to biopsy (days) 1.0 (1.0 – 1.001) 0.03 1.0 (1.0 – 1.001) 0.19

Serum creatinine at biopsy 0.9 (0.77 – 1.10) 0.38

Urine protein/creatinine 1.1 (0.97 – 1.16) 0.21

Serum albumin 0.6 (0.27 – 1.28) 0.18

Nephrotic range proteinuria 2.2 (0.93 – 5.26) 0.07

Nephrotic syndrome 5.3 (1.92 – 14.8) 0.01 3.5 (0.68 – 17.5) 0.13

Viral infection 0.8 (0.18 – 3.32) 0.72

Acute vaso-occlusive disease 0.2 (0.05 – 0.62) 0.007 0.2 (0.04– 0.98) 0.047

Concurrent rejection
1 1.8 (0.73 – 4.31) 0.20

Global glomerulosclerosis (%) 1.0 (1.01 – 1.06) 0.002 1.0 (0.93 – 1.01) 0.15

Collapsed glomeruli (%) 1.0 (0.96 – 1.06) 0.69

Interstitial inflammation (i0–3) 1.2 (0.78 – 1.89) 0.39

Tubulitis (t0–3) 1.3 (0.83 – 1.97) 0.27

Intimal arteritis (v0–3) 0.7 (0.22 – 2.52) 0.64

Peritubular capillaritis (ptc0–3) 1.2 (0.77 – 1.72) 0.49

Transplant glomerulitis (g0–3)
2 1.6 (0.83 – 3.14) 0.16

Transplant glomerulopathy (cg0–3) 1.3 (0.43 – 3.89) 0.65

Interstitial fibrosis (ci0–3) 2.5 (1.67 – 3.83) <0.001 1.5 (0.65 – 3.6) 0.34

Tubular atrophy (ct0–3) 2.5 (1.66 – 3.90) <0.001

Arteriosclerosis (cv0–3) 2.0 (1.17 – 3.33) 0.01 2.2 (0.63 – 7.5) 0.22

Arteriolar hyalinosis (ah0–3) 1.5 (1.03 – 2.29) 0.04 0.8 (0.27 – 2.68) 0.77

C4d score (C4d0–3) 0.4 (0.15 – 1.19) 0.11

Glomerular PDs 1.6 (0.73 – 3.65) 0.23

Prominent PDs in tubules 1.6 (0.73 – 3.65) 0.23

Tubular microcysts 2.6 (0.82 – 8.00) 0.11

Allograft from donor with APOL1 high-

risk genotypes
3

5.6 (1.92 – 16.4) 0.002 4.8 (1.04 – 22.3) 0.04

- Abbreviations: AA; African American; PDs; protein droplets

Kidney Int. Author manuscript; available in PMC 2019 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Santoriello et al. Page 22

*
n=34 because 4 patients were not assessed for APOL1 genotypes

- For multivariate analysis, only variables with P< 0.05 were considered. Given the co-linearity, only interstitial fibrosis and not tubular atrophy was 
considered

1
The results were not significant when rejection was assessed separately for TCMR [HR: 1.6 (0.68 – 3.60), P=0.29] or AMR [HR: 0.8 (0.26 – 

2.24), P=0.62]

2
The results were not significant when sum of g and ptc (g+ptc) was used [HR: 1.2 (0.88 – 1.56), P=0.29]

3
Data on APOL1 typing was not available for 7 donors; given the extremely low positivity in Caucasians, APOL1 risk genotypes were considered 

absent in 3 Caucasian donors who could not be genotyped
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Table 5:

Clinico-pathologic characteristics of patients who received renal allografts from donors with APOL1 high-risk 

genotypes

Subjects Patient
#8

Patient
#11

Patient
#12

Patient
#14

Patient
#25

Patient
#27

Patient
#35

Patient
#37

Patient
#38

Donor race Hispanic AA AA AA AA AA AA AA AA

Allograft source L D D D D D D L D

APOL1 testing
specimen

Post-rep Post-rep Non-
infl Bx

Post-rep Blood Blood Post-rep Blood Blood

Post-transplant
interval to
biopsy (days)

602 173 653 86 423 229 505 1489 425

Concurrent
comorbidities,
namely AR,
viral infection,
or acute VOD

AR AR AR AR Prior
AR
Prior
CMV

CMV AR AR Prior
CMV

Serum Cr at
biopsy (mg/dL)

9.7 2.5 6.5 7.2 5.5 6.4 1.7 7.9 5.2

Urine protein/Cr
at biopsy (g/g)

3.8 2.2 6.9 2 3.5 15 6 11.6 7.6

Collapsed
glomeruli (%)

31 13 17 15 13 33 28 12 25

- Abbreviations: AA, African American; AR, acute rejection; Cr, creatinine; D, deceased donor; L, living donor; Non-infl Bx, non-inflamed biopsy 
performed at 1 month post-transplantation; Post-rep: post-reperfusion biopsy, VOD, vaso-occlusive disease

- Recipient #25 and #38 received their allografts from the same donor

Recipients #25 had CMV infection 230 days before index biopsies which persisted till 217 days before index biopsy and a biopsy with borderline 
changes 209 days prior to index biopsy

Recipients #38 had CMV infection 71 days before index biopsies which persisted till 57 days before index biopsy
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Table 6:

Comparison of demographic and clinico-pathologic parameters between cFSGS in allografts and native 

kidneys

De novo Post-KT
cFSGS (n=38)

native cFSGS controls
(n=255)

P values

Demographic and clinical parameters

Age (years) 57 (47, 65) 46 (34, 60) P=0.005

Female gender 13/38 (34%) 119/255 (47%) P=0.17

AA recipients/patients
1

10/38 (26%) 157/225 (70%) P<0.001

Serum Cr at biopsy (mg/dL) 5.4 (3.4, 6.8) 4.0 (2.2, 6.8) P=0.09

Urine protein/Cr at biopsy (g/g)
2

3.5 (1.3, 6.5) 7.0 (4.1, 12.0) P<0.001

Serum albumin at biopsy (g/dL)
3

3.2 (2.8, 3.7) 2.4 (1.8, 3.0) P<0.001

Nephrotic proteinuria
2

19/37 (51%) 209/249 (84%) P<0.001

Nephrotic syndrome
4

7/38 (18%) 91/220 (41%) P=0.007

Traditional causes 
5

 Viral
 
 Acute VOD
 IFN treatment
 Pamidronate treatment

15/38 (39%)
 5/38 (13%)
  - HIV: 0/38 (0%)
 11/38 (29%)
 0/38 (0%)
 0/38 (0%)

87/255 (34%) 
2

 67/255 (26%)
  - HIV: 58/255 (23%)
 13/255 (5%)
 3/255 (1%)
 4/255 (2%)

P=0.59
2

P=0.11
P<0.001
P<0.001
P=1.00
P=1.00

Pathology parameters

Global GS (%) 11 (0, 25) 21 (6, 41) P=0.01

Collapsed Glom (%) 14 (8, 19) 17 (8, 31) P=0.15

IFTA (%) 25 (6, 44) 40 (20, 65) P=0.002

Glom PDs 31/38 (82%) 193/255 (76%) P=0.19

FPE (%)
6

  -   Focal
  -   Extensive
  -   Diffuse

70 (48, 93)
2/8 (25%)
3/8 (37.5%)
3/8 (37.5%)

90 (60, 100)
31/161 (19%)
40/161 (25%)
90/161 (56%)

P=0.45

Prominent tubular PDs 16/38 (42%) 78/255 (31%) P=0.19

Tubular microcysts 5/38 (13%) 90/255 (35%) P=0.005

Arteriosclerosis (0–3) 1 (1, 2) [1.4 ±0.9] 2 (1, 2) [1.5 ±0.9] P=0.54

Arteriolosclerosis (0–3) 1 (1, 2) [1.3 ±0.9] 2 (1, 2)][1.4 ±0.9] P=0.25

Abbreviations: AA; African American; Cr, creatinine; Glom, glomeruli; GS, glomerulosclerosis; FPE, foot process effacement; IFN, Interferon; 
IFTA, interstitial fibrosis/tubular atrophy; NA, not available; PDs, protein droplets; VOD, vaso-occlusive disease

Semi-quantitative values were presented as median (IQR1, IQR3) and mean ±SD

1
Data on race is not available for 30 native controls

2
Data on proteinuria is unavailable for 1 post-KTx cFSGS and 6 native controls

3
Data on serum albumin is unavailable for 29 native controls

4
Data on nephrotic syndrome is not available for 35 native controls
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5
Viral infections in post-KTx cFSGS (n=5) included 3 CMV 1 Parvovirus & 1 EBV while these in native controls (n=67) included 58 HIV, 7 

Parvovirus, 1 CMV & 1 EBV

6
Data on FPE was available for 8 post-KTx cFSGS and 161 native controls
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