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Abstract

Background: Interstitial fibrosis and tubular atrophy (IFTA) and vascular injury are frequent
histologic features of lupus nephritis renal biopsies, but their clinical correlates and prognostic
value are not well understood. This cohort study investigated demographic, clinical and laboratory
characteristics, and outcomes, associated with IFTA and vascular injury in lupus nephritis.

Methods: Reports of all renal biopsies performed at an academic medical center (1990-2017)
with WHO/ISN/RPS Class I1-V lupus nephritis were reviewed. Demographics, clinical variables
and labs at biopsy, treatment, and date of death were collected. Additional data from the U.S.
Renal Data System (USRDS) provided dates of ESRD and death after ESRD. Multivariable
regression analyses identified demographic and clinical factors associated with each histologic
finding. Cumulative incidence functions and multivariable Cox proportional hazard models
estimated the risk of progression to ESRD and death.
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Results: Within 202 initial biopsies, IFTA was associated with the patient’s SLICC/ACR damage
index (without renal domain) and serum creatinine, and vascular injury was associated with serum
creatinine in multivariable models. In Cox regression models adjusting for age, sex, race, serum
creatinine, calendar year, and biopsy class, moderate/severe IFTA was associated with elevated
ESRD (HRgp 5.18, 95% CI 2.53, 10.59) and death (HR 4.19, 95%ClI 1.27, 13.81). After
adjustment for age, sex and race, moderate/severe vascular injury was associated with ESRD
(HRgp 2.13, 95% CI 1.21, 3.75) and but this relationship was not significant after adjustment for
serum creatinine and calendar year.

Conclusions: IFTA is a strong predictor of ESRD and death, even in proliferative nephritis, and
a risk factor for poor outcomes independent of class. Vascular injury is a strong predictor of
prognosis, but not independent of serum creatinine and class. The prognostic value of these lesions
calls for consideration when determining treatment for lupus nephritis.

Keywords

lupus nephritis; histology; biopsy; pathology; interstitial fibrosis; tubular atrophy; vascular injury;
hypertension; organ damage

1.1 Introduction

Lupus nephritis is one of the most common manifestations of systemic lupus erythematosus
(SLE), affecting approximately 40% of SLE patients?. It is also one of the more severe
manifestations, associated with high morbidity and mortality2. Renal biopsy is critical in the
diagnosis and management of lupus nephritis, as it defines the nature of renal involvement.
In the World Health Organization/International Society of Nephrology/Renal Pathology
Society (WHO/ISN/RPS) classifications, based on glomerular pathology, classes Il and IV
describe proliferative lupus glomerulonephritis which has been associated with a worse
prognosis*-8. Treatment guidelines recommend immunosuppressive therapy for these
patients389, In past studies, predictors of poor response to therapy and progression to end-
stage renal disease (ESRD) in lupus nephritis have also implicated clinical factors, including
elevated double-stranded DNA (dsDNA) and low complement levels despite treatment,
hypertension, elevated serum creatinine, proteinuria and medication non-adherencel-10-13,

Although glomerulonephritis is the most common cause of kidney disease in SLE?,
emerging evidence also implicates extraglomerular lesions indicative of chronic disease,
interstitial fibrosis and tubular atrophy (IFTA)*° and vascular injury®7, in the progression of
lupus nephritis. Interstitial fibrosis, defined simply as the accumulation of matrix proteins in
the renal interstitum4, and tubular atrophy are often observed together and thus are reported
as one lesion. Vascular injury is defined as arterial or arteriolar thickening of the intima with
or without necrosis or proliferation®15. Both IFTA and vascular injury are patterns of injury,
but their clinical associations in lupus nephritis have not been well described. As these
lesions are not included in the WHO/ISN/RPS classification, it is less clear whether they
hold prognostic information beyond that of the class. Yu et a/reported that within a group of
313 patients from northern China, scores of tubular atrophy and interstitial fibrosis,
respectively, were positively correlated with scores of glomerular sclerosis, but were also
confirmed to be independent risk factors for renal outcome8. More recently, moderate to
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severe tubulointerstitial damage on lupus nephritis biopsy was associated with risk of ESRD
in a cohort in New York!’. Huang et a/studied 79 lupus nephritis renal biopsies and reported
worse prognosis among those with vascular injury compared to those without!8, and Wu et
alalso demonstrated the importance of vascular lesions in prognosis®.

The goals of this study were to characterize the demographic and clinical factors associated
with IFTA and vascular injury on lupus nephritis biopsy, and to investigate whether these
lesions are associated with the progression of lupus nephritis to end-stage renal disease
(ESRD) and death. We also aimed to investigate whether these lesions are predictors of
ESRD and death among people with proliferative lupus glomerulonephritis, and if either is
an independent risk factor for ESRD and death after adjustment for class. Understanding the
associations between clinical presentations and these renal biopsy findings may improve
treatment decisions for these patients and provide insight into the etiology of these lesions.

1.2 Materials and Methods

1.2.1 Study Population

Biopsies were identified using the Brigham and Women’s Hospital (BWH) Lupus Center
Registry of validated SLE cases fulfilling 1997 ACR criteria for SLE Classification?% and
followed at the BWH Lupus Center since 197221, as well as a BWH registry of renal
biopsies performed since 199622, Biopsy reports of all first renal biopsies for each subject
showing Class I1-V lupus nephritis were identified and reviewed for this study. We included
biopsies from patients =18 years of age, obtained between March 1, 1990 and May 31, 2017.

1.2.2 Renal Pathology

We abstracted from the biopsy reports: number of glomeruli assessed, WHO/ISN/RPS
Class*8, IFTA, vascular injury, and global glomerulosclerosis documentation. All biopsies
were read in the BWH Department of Renal Pathology using criteria standardized across the
department. 70% of biopsies were read by one senior pathologist (HR) and the other 30% by
his trainees with him. All biopsies had light, immunofluorescence and electron microscopy
for the primary diagnosis, and the lesions were assessed using all four stains routinely used
in lupus nephritis biopsies (hematoxylin and eosin (H&E), Periodic acid-Schiff (PAS),
trichrome, and silver stain)23.24, The entire cortical area was scored to determine each
diagnosis. IFTA was reported as the estimated percentage seen in the cortical area of the
biopsy sample2®, Absent was defined as <10%, mild 10-24%, moderate 25%-50%, and
severe >50% of the surface area82%-25, In the primary analysis, we combined mild, moderate
and severe IFTA to create a dichotomous “any vs. no IFTA” variable. As a secondary
outcome, we analyzed none/mild vs. moderate/ severe IFTA.

Vascular injury was assessed as a composite measure between medial and subintimal
sclerosis and scored according to subintimal narrowing of the lumen”27. The extent of
vascular injury was described as absent, with the lumen narrowed by <10%, mild 10-24%,
moderate 25-50%, or severe, lumen narrowed by >50%82%.26_ |n the primary analysis, we
combined mild, moderate and severe vascular injury into an overall outcome of “any
vascular injury”. As a secondary outcome for vascular injury, we analyzed none/mild vs.
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moderate/severe vascular injury. Biopsy samples with either proliferative nephritis (either
class Il or class 1V) plus class V were assessed as class Il or IV nephritis, respectively.
Samples with class 11 and V were analyzed as class V nephritis.

1.2.3 Demographic and Clinical Data

Data were abstracted from the BWH Lupus Registry and supplemented with data from the
Research Patient Data Repository (RPDR), a research repository of all electronic medical
records for all BWH patients28. RPDR contains billing codes, clinical notes, and test and
imaging results for all patients seen at BWH. We collected the following variables from the
RPDR: sociodemographic factors (age at SLE diagnosis, age at biopsy, sex, race/ethnicity),
clinical variables (systolic and diastolic blood pressure, medications as below, dates of
progression to ESRD and death). We defined hypertension as two or more readings showing
systolic blood pressure =140 mm Hg or diastolic blood pressure =90 mm Hg within one
month of renal biopsy, regardless of antihypertensive medications. We collected the
following medications from the medical records for the 6 months prior to and 6 months after
the renal biopsy date: hydroxychloroquine, glucocorticoids (mean steroid dose, classified as
prednisone =20 mg/day or equivalent), immunosuppressants (azathioprine,
cyclophosphamide, mycophenolate mofetil, methotrexate, rituximab, cyclosporine or
tacrolimus), non-steroidal anti-inflammatory drugs (NSAIDs), angiotensin-converting
enzyme (ACE) inhibitors, and other anti-hypertensive agents. We collected laboratory values
ANA and antiphospholipid antibodies (lupus anticoagulant, anti-cardiolipin, and anti-Beta-2
glycoprotein) at any time prior to the biopsy date. All other laboratory values were collected
within the 30 days prior to biopsy, including hemoglobin (continuous), platelet count
(continuous), serum creatinine (continuous), serum albumin (continuous), anti-double-
stranded DNA, C3, C4, anti-Smith, anti-Ro, anti-La, urine protein/creatinine ratio, =25
urinary red blood cells (RBC, present/absent), >25 urinary white blood cells (WBC, present/
absent). Documentation of antiphospholipid antibodies was not available for 100 individuals.
To assess organ damage related to SLE, we used the SLE International Collaborating Clinics
(SLICC)/ACR-Damage Index (DI) score, collected by medical record review for all patients
who had =6 months of clinical information available at the time of renal biopsy22:30. As all
individuals had renal involvement, we assessed organ damage with a modified SLICC/ACR-
DI without the renal domain (excluding estimated glomerular filtration rate <50%,
proteinuria >3.5 g/24 hours, and ESRD).

Dates of death, both inside and outside of our hospital system, were obtained from the
National Death Index and linked to the RPDR records. We obtained a data use agreement
with the U.S. Renal Data System (USRDS) to enable linking of our patient data with
national records on all patients who progressed to ESRD and needed renal replacement
therapy3L. USRDS is the US national registry of all patients necessitating renal replacement
therapy, including nearly all ESRD patients nationwide since 198931, Unique identifiers for
all study patients were forwarded in an Institutional Review Board (IRB)-approved protocol
to USRDS, who returned linked data with date of ESRD and deaths after ESRD for any
patients who developed these conditions, through December 31, 2015. All aspects of this
study were approved by the BWH Institutional Review Board.
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1.2.4 Statistical Methods

We first conducted bivariable analyses assessing associations between demographic and
clinical variables, and histologic findings of IFTA or vascular injury on renal biopsy,
employing Fisher’s exact, Chi-square, t-tests or Wilcoxon Rank Sum tests as appropriate.
We examined the distribution of glomerular class on biopsy with findings of IFTA or
vascular injury by Chi-square test. We then constructed multivariable logistic regression
models for clinical and demographic factors associated with IFTA and vascular injury,
including age, race, sex, SLE duration, and calendar year of biopsy, and significant
covariates from our bivariable analyses. Additionally, we examined the intensification in
medication therapy based on biopsy results with findings of IFTA, vascular injury, and
glomerulonephritis class by Chi-square test.

We conducted survival analyses examining progression from the date of renal biopsy to
ESRD and death among individuals with different glomerulonephritis classes, IFTA, and
vascular injury on biopsy. We graphed cumulative incidence functions with competing risk
of death32 for the outcome of ESRD (and the outcome of death separately). We stratified
these cumulative incidence curves by class of lupus nephritis and presence or absence of
concomitant renal biopsy lesions and used Gray’s test for comparing the cumulative
incidence function curves. Cumulative incidence functions were censored for death or loss to
follow-up (at last visit) over the first ten years post-biopsy.

Multivariable Cox proportional hazards models, accounting for the competing risk of death
in models of ESRD33, were used to estimate hazard ratios with 95% confidence intervals
(CI) for risk of ESRD and death separately for each of the pathologic lesions. We employed
three sequential models: Model A, adjusting for age, sex and race, Model B, additionally
adjusting for serum creatinine and calendar year of biopsy, and Model C, adding class as
well. The proportional hazards assumption was verified using the cumulative incidence
functions. Missing data (as denoted in Table 1) were excluded from each analysis. Analyses
were conducted in SAS, v 9.4 (SAS Institute, Cary, NC).

1.3 Results

We included 202 first lupus nephritis biopsies. The mean (SD) patient age was 36 (13) years,
84% were female, 35% were African American, and anti-dsDNA antibody was positive in
81%. Median (IQR) SLE duration prior to biopsy was 3.7 (0.6-9.8) years and mean (SD)
serum creatinine was 1.4 (1.6) mg/dL at the time of biopsy. Classes of glomerulonephritis
were 11% class Il, 26% 111, 38% IV, and 25% V. An average of 12% of glomeruli were
globally sclerosed. Of the 202 biopsies included, 190 (94%) met suggested adequacy criteria
of 210 glomeruli present in the sample®. Among those with medication data, 39% were
receiving immunosuppressive agents and 44% were receiving high-dose steroids in the 6
months prior to biopsy. Overall, 53 of 202 patients (26%) progressed to ESRD at a mean
(SD) of 4.7 (4.3) years after biopsy and 18 (9%) died at mean (SD) 8.5 (5.4) years after
biopsy. Thirteen of the 18 total deaths (72%) occurred after progression to ESRD.
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1.3.1 Interstitial Fibrosis and Tubular Atrophy

IFTA was identified in 119 lupus nephritis biopsies (59%). Acute interstitial nephritis was
also noted in 15 of the IFTA-containing biopsies, but was not analyzed separately as it has
not been found to be predictive of outcomes34. Ninety-eight of 202 total (49%) patients had
both IFTA and vascular injury. Of those with evidence of IFTA, mild was most common,
observed in 77 biopsies (65%) and moderate or severe IFTA was observed in 42 (35%).
Patients with IFTA were older than patients with none (38 vs. 34 years, p=0.01) and had a
longer duration of SLE prior to biopsy (5 vs.2 years, p=0.05) (Table 1). There were no
statistically significant differences in sex, race, anti-Ro or anti-La antibody positivity. There
was also no statistically significant difference in the distribution of lupus glomerulonephritis
class among those with and without IFTA (Table 2). In bivariable analyses, presence of IFTA
on renal biopsy was associated with several laboratory abnormalities, including lower
hemoglobin (10.4 vs. 11.3 g/dL, p=0.002), higher serum creatinine (1.8 vs. 0.9 mg/dL,
p<0.0001), lower serum albumin (3.0 vs. 3.2 g/dL, p=0.02) and higher prevalence of urine
protein/creatinine ratio equivalent to =1 g/24 hours (82% vs. 64%, p=0.007). IFTA was also
associated with higher median SLICC/ACR-DI without renal domains (3 vs. 1, p=0.002),
higher use of immunosuppressive therapy (45 vs. 31%, p=0.05) and higher use of anti-
hypertensive medications (65 vs. 41%, p=0.002) in the 6 months prior to biopsy. Presence of
IFTA was associated with decreased use of hydroxychloroquine (55 vs. 75%, p=0.006) prior
to biopsy.

Following multivariable adjustment for age, race, sex, SLE duration at biopsy, calendar year
of biopsy, urine protein/creatinine ratio and hemoglobin concentration, both serum
creatinine and SLICC/ACR-DI without the renal domain remained significantly associated
with IFTA. The multivariable OR for IFTA was 2.53 (95% CI 1.16, 5.55) per 1 mg/dL
increase in serum creatinine, and 1.19 (95% CI 1.03, 1.38) per unit of the SLICC-DI without
renal domain (Table 3). Multivariable regression models revealed that serum creatinine per 1
mg/dL (OR 4.14, 95% CI 2.02, 8.48) and SLICC/ACR-DI without the renal domain per unit
(OR 1.34, 95% CI 1.09, 1.65) were also associated with presence of moderate/severe IFTA.

1.3.2 Vascular Injury

Of the 202 initial lupus nephritis biopsies, 135 (67%) exhibited any vascular injury, of which
70 (52%) had moderate or severe vascular injury. Patients with vascular injury were older
than patients without (38 vs.32 years, p=0.001) and had a longer duration of SLE (5.3 years
vs. 1.8 years, p=0.02) (Table 1). Lupus nephritis class was not statistically associated with
presence of vascular injury (Table 2).

In bivariable analysis, presence of vascular injury on biopsy was associated with
hypertension (36% vs. 18%, p=0.01), elevated creatinine (1.6 vs. 0.9 mg/dL, p=0.0001),
greater use of immunosuppressive therapy (45 vs. 27%, p=0.02) and greater use of anti-
hypertensives (64 vs. 38%, p=0.001) in the 6 months prior to biopsy. There were no
significant associations between vascular injury and sex, race, antiphospholipid antibodies or
platelet count. Following multivariable adjustment for age, sex, race, SLE duration and
calendar year of biopsy, serum creatinine and hypertension did not remain associated with
the presence of vascular injury (Table 4). We found serum creatinine to be associated with
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the severity of vascular injury (OR 1.64, 95% CI 1.14, 2.36), rather than the presence of
vascular injury, after controlling for age, sex, race, duration of disease and calendar year of
biopsy.

1.3.3 Medication Intensification

Overall rates of hydroxychloroquine, high-dose steroids, immunosuppressive agents and
anti-hypertensive use all increased from the pre- to post-biopsy period (62% to 72% for
HCQ, 45% to 61% for high-dose steroids, 39% to 76% for immunosuppressive agents, and
56% to 82% for anti-hypertensives). Only 32% of those with IFTA on biopsy experienced
immunosuppressive agent intensification post-biopsy vs. 53% of those without (p<0.01), and
only 34% of those with vascular injury on biopsy experienced immunosuppressive agent
intensification post-biopsy vs. 55% of those without (p<0.01). Of those with proliferative
glomerulonephritis, 51% experienced immunosuppressive agent intensification post-biopsy
vs. 23% of those without (p<0.001), and 32% with proliferative glomerulonephritis
experienced high-dose steroid intensification vs. 16% of those without (p=0.02).

1.3.4 Risk of Progression to ESRD

We observed that 41 cases of ESRD developed among 119 individuals with IFTA vs. 12
cases among 83 individuals without, and mean (SD) time to ESRD among those with IFTA
was 4.5 (4.5) years. We also identified 41 cases of ESRD among 135 people with vascular
injury on biopsy vs. 12 cases among 67 people without. Overall mean (SD) time to ESRD
among those with vascular injury was 4.3 (4.5) years.

Cumulative incidence curves for development of ESRD (with competing risk of death) from
time of biopsy by IFTA are shown in Figures la—c. Risk of ESRD was higher among those
with IFTA vs. those without (Gray’s test p=0.001) and was also higher among those with
moderate/severe IFTA vs. those with none/mild IFTA (p<0.0001), persisting among those
with proliferative nephritis (p<0.0001). By ten years post-biopsy, the risk of ESRD among
people with proliferative nephritis was as high as 89% (95% CI 55-98%) for those with
moderate/severe IFTA, vs. 33% (95% CI 20-46%) for those without. By comparison,
cumulative incidence curves for ESRD by class (Figure 1d) displayed an only slightly
elevated risk of ESRD among those with proliferative nephritis vs. those without (p=0.03),
and 10-year risk of ESRD was 33% (95% CI 24-43%) for those with proliferative nephritis
vs. 22% (95% CI 12-34%) for those without.

Risk of ESRD was also higher among those with vascular injury vs. those without (p=0.02)
(Figure 1e). Upon stratification by severity, we found risk of ESRD to be higher among
those with moderate/severe vascular injury vs. none/mild (p=0.008) (Figure 1f), however
this disparity was attenuated among those with proliferative nephritis (p=0.08) (Figure 1g).

In subdistribution (SD) Cox models, the risk of ESRD was over 2.6-fold elevated for those
with IFTA vs. those without, after adjusting for age, sex and race, and accounting for the
competing risk of death (Table 5). After further adjustment for serum creatinine, calendar
year of biopsy and lupus nephritis class, the point estimate remained 2.6-fold elevated, and
increased to over five-fold elevated for those with moderate/severe IFTA vs. none/mild
(HRgp 5.18, 95% CI 2.53, 10.59). Among those with proliferative nephritis, risk of ESRD
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was over 7-fold elevated for those with moderate/severe IFTA vs. none/mild after adjusting
for age, sex and race, and remained significantly elevated upon further adjustment for serum
creatinine and calendar year of biopsy (HRgp 6.75, 95% CI 2.90, 15.70).

Risk of ESRD was also elevated among those with moderate/severe vascular injury vs. none/
mild (HRgp 2.13, 95% CI 1.21, 3.75), but did not persist after further adjustment or
stratification among those with proliferative nephritis (Table 5).

1.3.4 Risk of Progression to Death

We observed 16 deaths among those with IFTA vs. 2 deaths among those without, and 14
deaths among those with vascular injury vs. 4 deaths among those without. By comparison,
there were 11 deaths among 128 people with proliferative lupus nephritis vs. 7 deaths among
74 people without proliferative lupus nephritis. Mean (SD) time to death among those with
IFTA was 8.0 (5.5) years, and mean (SD) time to death among those with vascular injury
was 7.8 (4.7) years.

Cumulative incidence curves for risk of death from time of biopsy by IFTA are shown in
Figures 2a—b. Although there were few deaths, IFTA was more strongly associated with
death (Gray’s test p=0.005 for presence/absence) than was class (p=0.94 for proliferative vs.
non-proliferative) (Figure 2c). The risk of death was significantly elevated among those with
moderate/severe IFTA vs. none/mild (p<0.0001), and the 10-year risk of death among those
with moderate/severe IFTA was 27% (95% CI 13-43%) vs. 5% (95% CI 2-10%) for those
with none/mild IFTA.

We found the severity of vascular injury, rather than the presence, to be predictive of death
(p=0.01) for moderate/severe vascular injury vs. none/mild, while p=0.10 for any vs. no
vascular injury) (Figures 2d—e).

In multivariable proportional hazards models, we found the risk of death was very elevated
for those with any IFTA vs. none (HR 5.61, 95% CI 1.26, 24.92) when adjusted for age, sex
and race (Table 5). The risk of death remained elevated for those with moderate/severe IFTA
vs. none/mild, even among people with proliferative nephritis (HR 3.85, 95% CI 1.07,
13.90). Upon further adjustment for serum creatinine, calendar year and biopsy class, risk of
death remained significantly increased for those with moderate/severe IFTA vs. none/mild
(HR 4.19, 95% CI 1.27, 13.81).

Among those with vascular injury on biopsy, the hazard ratio for death was elevated,
although this was not statistically significant (HR 2.68, 95% CI 0.98, 7.28) (Table 5).

1.4 Discussion

In this large sample of initial lupus nephritis biopsies, IFTA and vascular injury were
common findings, and neither was associated with WHO/ISN/RPS class of
glomerulonephritis, with SLE-related serologies or with demographic factors. Vascular
injury was observed in over half of the biopsies, consistent with the prevalence reported in
prior studies®35 and IFTA and vascular injury commonly occurred together. In bivariable
analyses, we found presence of IFTA was associated with higher serum creatinine and more
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SLE-related damage (SLICC/ACR-DI score without the renal domain) at the time of biopsy,
and both remained significant upon multivariable adjustment. SLICC-DI includes
irreversible damage from SLE in multiple organ systems, including cerebrovascular
accident, myocardial infarction, and osteonecrosis, and thus is representative of longer-
standing and more severe SLE. We also found that higher serum creatinine at the time of
biopsy was associated with moderate/severe vascular injury.

Past studies have demonstrated associations between elevated systolic or diastolic blood
pressures and vascular injury severity on renal biopsies from patients with a range of causes
of glomerulonephritis36:37. We saw an association between hypertension and presence of
vascular injury in bivariable analyses, which did not persist on multivariable adjustment.
Vascular injury, particularly intimal thickening, may be a cause of hypertension rather than a
consequence, and the association between the two on initial lupus nephritis renal biopsy is -
clinically important as hypertension may signal vascular injury and thus poorer prognosis.
The presence of hypertension, elevated serum creatinine and other organ SLE-related
damage at a patient’s presentation with lupus nephritis should increase clinical suspicion of
the presence of IFTA or vascular injury. We did not find that serologic markers, including
anti-double-stranded DNA antibodies, anti-Ro/La antibodies, and low complement, were
associated with either IFTA or vascular injury.

We found that immunosuppressant and anti-hypertensive medication use in the 6-month pre-
biopsy period were associated with presence of both IFTA and vascular injury on biopsy,
likely because these histologic features are associated with a more severe disease phenotype.
We also found hydroxychloroquine use at time of biopsy was positively associated with the
presence of IFTA (in contrast to a recent report of an inverse association between the two38),
but no association with vascular injury. Although this is not a rigorous
pharmacoepidemiology study, IFTA and vascular injury on biopsy were not related to
medication changes post-biopsy as proliferative glomerulonephritis was.

We observed a significantly higher risk of progression to ESRD and death among patients
with IFTA found in lupus nephritis renal biopsy, particularly among those with proliferative
glomerulonephritis. We also observed IFTA to be an independent risk factor for both ESRD
and death, after adjustment for class. Percentage of global glomerulosclerosis increased
proportionally with severity of IFTA on biopsy, as predicted given global glomerulosclerosis
is also a surrogate marker of kidney function3940. Additionally, we observed greater risk of
ESRD and death among patients with vascular injury, although adjustment for serum
creatinine attenuated these results, suggesting the two are collinear. Taken together with
other recent studies with similar findings16-193441 these results provide added evidence
that these two histologic findings, IFTA in particular, have important prognostic information
in lupus nephritis.

Currently the degree of IFTA does not play a large role in treatment decisions. Our finding
of no association with WHO/ISN/RPS class of lupus nephritis contrasts with previous work
showing an association between IFTA and class IV lupus nephritis. Thus, IFTA may be a
marker of risk of ESRD and death in addition to class16:17:4243, This adds to the growing
body of evidence suggesting IFTA and glomerular damage may occur independent of each

Semin Arthritis Rheum. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leatherwood et al. Page 10

other, perhaps by different mechanisms entirely7:4445 \We also found IFTA to be associated
with hypertension, as has been demonstrated previously38. The 2003 ISN/RPS Classification
and the American College of Rheumatology suggest that biopsies document in the
diagnostic line the presence of IFTA and the extent of vascular injury38, and a recent
consensus report from the Renal Pathology Society includes documentation of IFTA and
vascular injury in their suggested basic format of a kidney biopsy report2>. Some chronicity
indices include components of IFTA, while extraglomerular vascular injury is generally not
included®, and even so activity and chronicity indices are not consistently used to
supplement biopsy reports®.

Our analysis has several strengths. We included a large number of biopsies and subjects
were followed in our healthcare system for up to 25 years. We linked medical records with
USRDS to ensure capture of all dates of ESRD, and deaths after ESRD. IFTA, vascular
injury, and WHO/ISN/RPS class on renal biopsies were well-documented and consistent
within our institution. There were some limitations as well. It is difficult to ascertain the
directionality of the observed clinico-pathologic correlations (e.g., association of SLICC-DI
with IFTA). Unfortunately, we did have missing medication use data for some subjects prior
to biopsy, mainly because they were referred to our institution for their kidney biopsy and
there was incomplete documentation of medications at that visit. Additionally, many
subjects may not have been receiving lupus nephritis medications as the diagnosis of SLE
may have been unsure pre-biopsy. Additionally, complete clinical data were not available for
all subjects for antiphospholipid antibody status, limiting our investigations of associations
with this clinical feature of lupus. We also were unable to categorize vascular lesions as
atherosclerotic versus other as this was not consistently documented. Lastly, we were not
able to re-review all biopsies, but relied on previous reports.

Evidence is accumulating that incorporating the histologic findings of IFTA and vascular
injury into prognostic algorithms may improve identification of patients at increased risk for
progression and poor outcomes in lupus nephritis. Growing understanding of these lesions
and their clinical correlates may also lead to their inclusion in the design of lupus nephritis
clinical trials, potentially providing insight into novel lupus nephritis therapies targeting
them.
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Figure 1. Cumulative Incidence Functions for ESRD after Biopsy (accounting for Competing
Risk of Death*)

*All cumulative incidence functions for ESRD account for competing risk of death.

(a) Cumulative incidence function for survival to ESRD after renal biopsy in those with

IFTA vs. no IFTA. (b) Cumulative incidence function for survival to ESRD after renal

biopsy in those with moderate/severe IFTA vs. none/mild IFTA. (c) Cumulative incidence
function for survival to ESRD after renal biopsy among those with Class I11/1V nephritis, in
those with moderate/severe IFTA vs. none/mild IFTA. (d) Cumulative incidence function for
survival to ESRD after renal biopsy in those with Class I11/1V nephritis vs. no Class [11/1V
nephritis. () Cumulative incidence function for survival to ESRD after renal biopsy in those
with vascular injury vs. no vascular injury. (f) Cumulative incidence function for survival to

ESRD after renal biopsy in those with moderate/severe vascular injury vs. none/mild

vascular injury. (g) Cumulative incidence function for survival to ESRD after renal biopsy
among those with Class I11/1V nephritis, in those with moderate/severe vascular injury vs.
none/mild vascular injury.
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Figure 2. Cumulative Incidence Functions for Death after Biopsy
(a) Cumulative incidence function for death after renal biopsy in those with IFTA vs. no

IFTA. (b) Cumulative incidence function for death after renal biopsy in those with moderate/
severe IFTA vs. none/mild IFTA. (c) Cumulative incidence function for death after renal
biopsy in those with Class 111/1V nephritis vs. no Class 111/IV nephritis. (d) Cumulative
incidence function for death after renal biopsy in those with vascular injury vs. no vascular
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injury. (e) Cumulative incidence function for death after renal biopsy in those with
moderate/severe vascular injury vs. none/mild vascular injury.

Semin Arthritis Rheum. Author manuscript; available in PMC 2020 December 01.

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Leatherwood et al. Page 17
Table 1.
Clinical Factors and Interstitial Fibrosis and Tubular Atrophy (IFTA) and Vascular Injury, Bivariable
Associations within 202 Initial Lupus Nephritis Renal Biopsies
Interstitial Fibrosis and Tubular Atrophy Vascular Injury
Any IFTA (n= No IFTA (n= p* _Any vascular ‘No vascular p*
119) 83) injury (n=135) injury (n=67)
Sociodemographic Factors
Age, years, mean (SD) 38.2 (13.1) 33.7 (11.8) 0.01 38.4 (13.0) 32.3(11.3) 0.001
Duration of SLE at biopsy, years, 5.1(0.9,11.9) 2.1(0.4,7.5) 0.05 5.3(0.9,11.4) 1.8 (0.4,6.3) 0.02
median (IQR)
Female, n (%) 99 (83.2) 71 (85.5) 0.65 113 (83.7) 57 (85.1) 0.80
Non-African American, n (%) 73 (62.4) 55 (67.9) 79 (60.3) 49 (73.1) 0.07
African American, n (%) 44 (37.6) 26 (32.1) 043 52 (39.7) 18 (26.9)
Clinical Factors
SLICC/ACR-DI without renal score, 3(1,5) 1(0,3) 0.002 2(1,5) 1.5(0,4) 0.08
median (IQR)Q
Hypertension (SBP =140 mm Hg or 40 (38.1) 13 (18.6) 0.006 43 (36.4) 10 (17.5) 0.01
DBP= 90 mm Hg), n (%)
Receiving hydroxychloroquine, n (%) 61 (55.0) 56 (74.7) 0.006 77 (61.1) 40 (66.7) 0.46
Reciil/ing glucocorticoid 220 mg/day, n 44 (39.6) 38 (50.7) 0.14 50 (39.7) 32 (53.3) 0.08
(%)
Receiving immunosuppressive therapy, 50 (45.1) 23(30.7) 0.05 57 (45.2) 16 (26.7) 0.02
n (%)
Receiving antihypertensives, n (%) 72 (64.9) 31(41.3) 0.002 80 (63.5) 23(38.3) 0.001
Receiving NSAIDs, n (%) 51 (46.0) 35 (46.7) 0.92 58 (46.0) 28 (46.7) 0.94
Laboratory Values
Hemoglobin g/dL, mean (SD) 10.4 (2.0) 113 (1.7) 0.002 10.7 (1.9) 11.0 (1.9) 0.32
Platelet count per 1000 mm3, mean 252 (107) 256 (104) 0.79 251 (109) 258 (98.6) 0.66
(SD)
Serum creatinine, mg/dL, mean (SD) 1.8(1.9) 0.9 (0.6) <0.0001 1.6 (1.9) 0.9 (0.7) 0.0001
Serum albumin, g/dL, mean (SD) 3.0(0.7) 3.2(0.7) 0.02 3.1(0.7) 3.1(0.8) 0.55
Anti-dsDNA positive, n (%) 83 (81.4) 58 (80.6) 0.89 93 (80.2) 48 (82.8) 0.68
C3, mg/dL, mean (SD) 70.6 (35.2) 65.7 (31.5) 0.39 72.1 (34.6) 61.5(31.1) 0.05
C4, mg/dL, mean (SD) 13.8 (12.1) 10.8 (7.7) 0.09 13.1(11.8) 11.7 (7.8) 0.76
,(%;;iphospholipid antibodies positive, n 22 (34.9) 14 (34.2) 0.94 22 (30.6) 14 (43.8) 0.19
0
Anti-Ro positive, n (%) 60 (50.4) 51 (61.5) 0.29 73 (54.3) 38 (56.7) 0.60
Anti-La positive, n (%) 38 (31.9) 24 (28.9) 0.87 42 (31.1) 20 (29.9) 0.54
tJo/ri)ne protein/creatinine =1 g/24 hr, n 84 (82.4) 45 (64.3) 0.007 90 (78.3) 39 (68.4) 0.16
0
225 urine WBC per hpf, n (%) 26 (23.6) 16 (21.3) 0.71 25 (20.3) 17 (27.4) 0.28
225 urine RBC per hpf, n (%) 55 (50.0) 28 (37.3) 0.09 58 (47.2) 25 (40.3) 0.38

Percentages, means and medians reflect total numbers excluding those with missing values. Number of missing values are: Duration of SLE at
biopsy= 4, African American/Non-African American= 4, SLICC/ACR-DI = 12, hypertension= 27, pre-biopsy medications= 16, hemoglobin= 17,
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platelets= 17, serum creatinine= 14, serum albumin= 23, dsDNA= 28, C3= 34, C4= 39, Antiphospholipid antibodies (lupus anticoagulant,
anticardiolipin IgM and 1gG and/or anti-Beta-2 glycoprotein | antibodies)= 98, urine protein/creatinine ratio= 30, urine WBC/RBCs= 17

*
Continuous variables evaluated with t-test or Wilcoxon, binary and categorical variables assessed using Chi-square or Fisher’s exact tests as
appropriate

Systemic Lupus Erythematosus International Collaborating Clinics Damage Index without renal indices

Hok

Prednisone or equivalent of mean =20 mg/day over 6 months prior to biopsy

Ak
Azathioprine, cyclophosphamide, mycophenolate mofetil, methotrexate, rituximab, cyclosporine or tacrolimus at the time of biopsy
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Presence of Interstitial Fibrosis and Tubular Atrophy (IFTA) and Vascular Injury in relation to WHO/ISN/RPS
Lupus Nephritis Class within 202 First Lupus Nephritis Renal Biopsies

Class Lupus Nephritis

Biopsies with IFTA n=119 of 202

Biopsies with vascular injury n=135 of 202

p p
Class I1, n (%) 11 (48) 0.53 17 (74) 0.72
Class I1, n (%) 33 (63) 34 (65)
Class IV, n (%) 47 (62) 48 (63)
Class V, n (%) 28 (55) 36 (71)
“*Proliferative GN, n (%) 80 (63) 017 82 (64) 0.27
Non-proliferative GN, n (%) 39 (53) 53 (72)

*
Chi-squared test of the distribution of IFTA or vascular injury among those with WHO/ISN/RPS class on renal biopsy

*K
Class I11/1V glomerulonephritis
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Multivariable Associations between Pre-Biopsy Clinical Factors and IFTA within 202 Initial Lupus Nephritis

Biopsies

Model 1 Outcome: Any

IFTA vs. none

Model 2 Outcome: Any IFTA

VS. none

Model 2 Outcome: Moderate/
Severe IFTA vs. None/Mild
IFTA

OR (95% ClI)

OR (95% ClI)

OR (95% ClI)

Age at biopsy, per year

1.02 (0.99, 1.05)

1.00 (0.97, 1.04)

0.97 (0.92, 1.02)

Black (vs. non-Black) race

1.09 (0.56, 2.14)

0.58 (0.26, 1.29)

1.81 (0.61,5.36)

Female (vs. male)

0.72 (0.29, 1.83)

0.59 (0.20, 1.72)

0.34 (0.08, 1.50)

SLE duration, per year

1.03 (0.98, 1.07)

1.02 (0.97, 1.07)

1.06 (0.99, 1.14)

Serum creatinine, per mg/dl

2,53 (1.16, 5.55)

4.14 (2.02, 8.48)

Urine protein/creatinine ratio =1 g/24 hr,
per year

1.99 (0.87, 4.55)

2.03(0.44,9.31)

SLICC/ACR DI (without renal domain),
per unit

1.19 (1.03, 1.38)

1.34 (1.09, 1.65)

Hemoglobin concentration, per g/dL

0.89 (0.72, 1.08)

1.08 (0.80, 1.46)

*
All models additionally adjusted for calendar year of biopsy
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Multivariable Associations between Demographic and Clinical Factors and Vascular Injury within 202 Initial

Lupus Nephritis Biopsies

Model 1 Outcome:
Vascular injury vs. none

Model 2 Outcome: Vascular
injury vs. none

Model 2 Outcome: Moderate/
Severe Vascular injury vs. None/
Mild Vascular injury

OR (95% ClI)

OR (95% CI)

OR (95% ClI)

Age at biopsy, per year

1.04 (1.01, 1.07)

1.02 (0.98, 1.05)

1.01 (0.98, 1.05)

Black vs. non-Black race

1.90 (0.96, 3.76)

1.50 (0.71, 3.16)

1.24 (0.59, 2.58)

Female vs. male

1.05 (0.44, 2.53)

1.10 (0.39, 3.11)

0.91 (0.33, 2.51)

SLE duration, per year

1.02 (0.97, 1.07)

1.01 (0.97, 1.06)

1.00 (0.96, 1.05)

Serum creatinine, per mg/dl

1.47 (0.91, 2.38)

1.64 (1.14, 2.36)

Hypertension (SBP =140 or DBP
290 mm Hg), per year

1.95 (0.82, 4.64)

2.03(0.94, 4.37)

*
All models additionally controlled for calendar year of biopsy.
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