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Abstract

Background: Kidney tubulointerstitial fibrosis marks risk for allograft failure in kidney
transplant recipients, but is poorly captured by estimated glomerular filtration rate (eGFR) or urine
albumin-creatinine ratio (ACR). Whether urinary markers of tubulointerstitial fibrosis can
noninvasively identify risk for allograft failure above and beyond eGFR and ACR is unknown.

Study Design: Case-cohort study.

Setting & Participants: The FAVORIT (Folic Acid for Vascular Outcome Reduction in
Transplantation) Trial was a randomized double-blind trial testing vitamin therapy to lower
homocysteine levels in stable kidney transplant recipients. We selected a subset of participants at
random (n = 491) and all individuals with allograft failure during follow-up (cases; n = 257).

Predictor: Using spot urine specimens from the baseline visit, we measured 4 urinary proteins
known to correlate with tubulointerstitial fibrosis on biopsy (urine a.;-microglobulin [A1M],
monocyte chemoattractant protein 1 [MCP-1], and procollagen type Il and type | amino-terminal
amino pro-peptide).

Outcome: Death-censored allograft failure.

Results: In models adjusted for demographics, chronic kidney disease risk factors, eGFR, and
ACR, higher concentrations of urine AIM (HR per doubling, 1.73; 95% CI, 1.43-2.08) and
MCP-1 (HR per doubling, 1.60; 95% CI, 1.32-1.93) were strongly associated with allograft
failure. When additionally adjusted for concentrations of other urine fibrosis and several urine
injury markers, urine A1M (HR per doubling, 1.76; 95% CI, 1.27-2.44]) and MCP-1 levels (HR
per doubling, 1.49; 95% CI, 1.17-1.89) remained associated with allograft failure. Urine
procollagen type 111 and type I levels were not associated with allograft failure.

Limitations: We lack kidney biopsy data, BK titers, and HLA antibody status.

Conclusions: Urine measurement of tubulointerstitial fibrosis may provide a noninvasive
method to identify kidney transplant recipients at higher risk for future allograft failure, above and
beyond eGFR and urine ACR.

Keywords

Fibrosis; kidney transplantation; allograft failure; risk factor; inflammation; biomarker; urinary
marker; tubulo-interstitial fibrosis; a.q-microglobulin (A1M); monocyte chemoattractant protein 1
(MCP-1); kidney transplant recipient (KTR); end-stage renal disease (ESRD); case-cohort

In clinical practice, assessment of kidney function primarily focuses on markers of

glomerular function (serum creatinine and, occasionally, cystatin C concentrations to
estimate glomerular filtration rate [GFRY]), as well as urine albumin-creatinine ratio (ACR)
and proteinuria.l However, tubulointerstitial fibrosis is commonly observed on kidney
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biopsy, even among persons with preserved estimated GFRs (eGFRs) and without elevated
ACRs. Large biopsy studies of healthy kidney donors show that although tubulointerstitial
fibrosis is common and increases with age, the degree of fibrosis is not associated with GFR
when age is taken into account.? The severity of tubulointerstitial fibrosis on biopsy is
strongly associated with progressive loss of eGFR across kidney disease causes.3~> Thus,
tubulointerstitial fibrosis is common and of prognostic importance, yet clinical markers of
kidney function do not capture its presence well.

Interstitial fibrosis and tubular atrophy (formerly chronic allograft nephropathy) are highly
prevalent in kidney transplant allografts. Common causes of progressive loss of eGFR in
kidney transplant recipients include recurrent acute rejection episodes, calcineurin inhibitor
toxicity, and viral infections. All these are characterized by damage to tubular epithelial cells
and may promote the development of interstitial fibrosis and tubular atrophy. Biopsies allow
detection and quantification of tubulointerstitial fibrosis but are invasive, assess only a small
portion of the kidney, and provide only a snapshot of kidney health at one point in time.
Noninvasive methods to assess and monitor the degree of fibrosis may allow identification of
kidney transplant recipients at high risk for allograft failure and may allow clinicians to
assess the responses to changes in therapy over time.

In prior work, we have identified noninvasive markers of tubular injury and dysfunction and
tubulointerstitial fibrosis in older adults and persons with human immunodeficiency virus
(HIV) infection.512 Here, we extend that work to kidney transplant recipients for the first
time. We selected 4 urinary measures that have been associated with degree of
tubulointerstitial fibrosis in biopsy studies and determined their relationships with future
allograft failure. We evaluated urine concentrations of a.q-microglobulin (A1M), monocyte
chemoattractant protein 1 (MCP-1), and procollagen amino-terminal pro-peptides of type |
(PINP) and type 111 (PIIINP). Briefly, ALM is a low-molecular-weight protein that is freely
filtered at the glomerulus but reabsorbed by proximal tubular epithelial cells under healthy
conditions?3; elevated urine A1M levels indicate tubulointerstitial fibrosis and decreased
proximal tubular reabsorptive capacity.1#15 The potent chemokine MCP-1 is expressed by
renal tubular epithelial cells, fibroblasts, and mononuclear cells, and higher concentrations in
urine have been associated with degree of tubulointerstitial fibrosis in patients with
immunoglobulin A nephropathy and diabetic nephropathy.16 During collagen deposition,
PINP and PIIINP are cleaved from type 1 and type 3 collagen fibrils and released into urine.
As with A1IM and MCP-1, prior studies in a variety of kidney diseases have demonstrated
that urine PIIINP concentrations are correlated with severity of tubulointerstitial fibrosis on
biopsy,1>17:18 and higher baseline urine PIIINP concentrations are associated with
longitudinal decline in kidney function in community-living elderly persons.10

To our knowledge, no prior study has jointly evaluated the relationship of urine
concentrations of these proteins with risk for allograft failure in kidney transplant recipients.
We hypothesized that higher urine concentrations of each marker would be associated with
allograft failure, independent of chronic kidney disease (CKD) risk factors, baseline eGFR
and ACR, and urinary concentrations of the other 3 markers.
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METHODS
Study Population

The current report was designed as an ancillary study of the Folic Acid for Vascular
Outcome Reduction in Transplantation (FAVORIT) Trial (ClinicalTrials.gov study number:
NCTO00064753), a multicenter, double-blind, randomized, controlled trial designed to
determine whether lowering homocysteine levels with vitamin therapy reduced the rate of
cardiovascular outcomes. The FAVORIT Trial protocol was approved by institutional review
boards at participating institutions and the data coordinating center (study # 98-0449), and
all participants provided written informed consent. The trial design and primary results have
been described in detail elsewhere.1%-22 From August 2002 through January 2007, a total of
4,110 kidney transplant recipients aged 35 to 75 years who were at least 6 months post—
kidney transplantation were enrolled at 30 transplantation centers in the United States,
Canada, and Brazil. Participants were randomly assigned to either a standard multivitamin
with high doses of folic acid, vitamin Bg, and vitamin B4, or a multivitamin containing low
doses of vitamin Bg and vitamin B, with no folic acid. Entry criteria included elevated
serum homocysteine level (=11 umol/L for women; = 12 mmol/L for men) and stable kidney
function, defined as estimated creatinine clearance = 30 mL/min in men and =25 mL/min in
women. Follow-up contacts occurred every 6 months through January 31, 2010, to obtain
study-related outcomes through June 24, 2009. The primary outcome was pooled incident or
recurrent cardiovascular disease (CVD) events. Transplant failure and all-cause mortality
were secondary outcomes. As reported previously, there were no significant differences
between treatment groups for primary or secondary outcomes.?!

We designed this analysis as a case-cohort study to minimize specimen needs and expense
while retaining statistical power. We identified a 530-member subcohort randomly selected
from the entire cohort that had been included in a prior ancillary study; these participants
had been selected irrespective of whether they had allograft failure during follow-up. We
also selected 293 allograft failure events, regardless of whether they were sampled in the
subcohort. From these, we excluded participants with missing urine samples and key
covariates at baseline, resulting in a subcohort of 491 individuals and 257 allograft failure
cases (Fig 1). Characteristics of the 491-member subcohort were similar compared with
those of the overall FAVORIT Trial participants (Table S1, available as online supplementary
material). Of the allograft failure case patients, 49 were already randomly selected within the
subcohort, and 208 were not. Thus, our study resulted in a final analytic sample of 699
individuals.

Urine Biomarkers of Fibrosis

Urine A1IM, MCP-1, PIIINP, and PINP were measured at the University of Vermont in spot
urine samples obtained at the baseline FAVORIT Trial visit and stored at —80°C. Specimens
had been thawed once previously for measurement of urine injury biomarkers, including
neutrophil gelatinase-associated lipocalin (NGAL), kidney injury molecule 1 (KIM-1),
interleukin 18 (1L-18), and liver-type fatty acid—binding protein (L-FABP).23 All assays
were performed in 2015. To improve precision, we measured fibrosis biomarkers twice in
each urine specimen and averaged results. Urine A1M was measured on a Siemens BNI|I
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nephelometer. The lower limit of detection was 0.5 mg/dL, and estimates of interassay
coefficients of variation (CVs) ranged from 1.87% to 5.03%. Urine MCP-1 was measured
using an enzyme-linked immunosorbent assay (R&D Systems) after diluting urine samples
1:2. The acceptable analytic range was 2 to 4,000 pg/mL, and interassay CVs were 5.9% to
9.2% across the analytic range. Urine PIIINP was measured by a radioimmunoassay from
ORION Diagnostica, as in our prior work.1% The lower limit of detection was 0.02 pg/L and
inter-assay CVs ranged from 11.0% to 16.3%. Similarly, we used a radioimmunoassay
(ORION Diagnostica) to measure urine PINP. The lower limit of detection was 0.1 mg/L and
interassay CVs ranged from 6.8% to 9.2%. When urine samples were assayed but the
biomarker concentration was below the detectable range, we imputed concentrations as the
lower limit of detection. Of the 699 study participants, 145 (13.3%), 5 (0.5%), 26 (2.4%),
and 124 (11.4%) had urine A1M, MCP-1, PI1INP, and PINP levels below the detectable
range, respectively.

Allograft Failure

Allograft failure was defined as initiation of dialysis therapy, as ascertained by local study
staff. Time to event was considered from randomization to transplant failure, last follow-up
visit, or end of the study period. We censored for death; thus, death with a functioning
transplant was not considered an allograft failure in these analyses.

Other Measurements

Demographic characteristics (age, sex, race, and country of origin), smoking status (current,
former, or never), medical history (CVD and diabetes mellitus), transplantation
characteristics (living donor kidney transplant and time since transplantation), physical
examination findings (body mass index and systolic and diastolic blood pressure), and
standard laboratory measurements, including serum creatinine and urine ACR, were
obtained at the time of study enrollment. Race was recorded as white, black, or other.
Baseline blood pressure was the average of 2 measurements. Diabetes was defined as the use
of insulin or oral hypoglycemic medications or participant self-report. History of CVD was
determined by self-report at baseline and included prior myocardial infarction, coronary
artery revascularization, stroke, carotid arterial revascularization, abdominal or thoracic
aortic aneurysm repair, and/or lower-extremity arterial revascularization or nontraumatic
amputation above the ankle. Body mass index was calculated using the formula: weight
[kg]/height [m]2. Serum creatinine was measured using an alkaline picrate kinetic method on
an Olympus AU 400e (Olympus America Inc) instrument that was calibrated to an isotope-
dilution mass spectrometry—traceable standard, and eGFR was computed using the 2009
CKD-EPI (CKD Epidemiology Collaboration) creatinine equation.24 Urine albumin and
creatinine were measured in spot urine samples. Urine albumin was measured using an
immunoturbidimetric assay. Intra-assay CV was 2%, and interassay CV was 4%.

Statistical Methods

We categorized participants from the subcohort into quartile-based urine fibrosis biomarker
concentrations and compared differences in demographics and risk factors across quartiles.
Within the subcohort, we calculated Spearman correlation coefficients among the 4 urine
fibrosis markers, eGFR, urine ACR, and the previously measured urine injury biomarkers. In
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the correlation matrix, we indexed all markers to urine creatinine because all urine markers
were measured on the same urine sample; thus, identical urine tonicity across markers may
have led to spuriously strong intercorrelations if they were not indexed to urine creatinine.

To take into account the case-cohort study design, weighted Cox proportional hazards
regression was used to assess associations with allograft failure.2526 These analyses did not
index urine markers to urine creatinine concentrations, but rather adjusted for urine
creatinine, such that the hazard ratios (HRs) evaluate the biomarker only, but still account for
differences in urine tonicity. We evaluated models indexing to urine creatinine in sensitivity
analyses. To provide an equal comparison across biomarkers, each urine marker was
modeled by quartiles, setting the lowest quartile as the reference category. The proportions
with allograft failure in each quartile were tabulated; event rates (per 100 person-years) were
calculated among individuals in the subcohort. We also evaluated each marker as a
continuous predictor variable. Given right-skewed distributions, we log transformed each
biomarker on the log-base-2 scale such that coefficients can be interpreted as “per doubling”
or “per 2-fold higher” of the biomarker. A series of multivariable-adjusted models were
tested. Model 1 adjusted for urine creatinine level, age, sex, race, randomization arm,
systolic blood pressure, prevalent CVD, diabetes, smoking status, time since transplantation,
and living donor status. Model 2 additionally adjusted for eGFR and urine albumin level to
allow assessment of the degree of attenuation by clinically available measures of kidney
health. Model 3 additionally adjusted for urinary NGAL, IL-18, KIM-1, and L-FABP levels
to determine whether each urine fibrosis biomarker was associated with allograft failure
independent of previously assessed markers of kidney tubule cell injury. Model 4
additionally adjusted for all the other 3 urine fibrosis markers to determine the unique
contributions of each with allograft failure. Last, we tested interactions in model 4 by eGFR
(<60 vs =60 mL/min/1.73 m2) and ACR (>300 vs <300 mg/g) categories.

All analyses were conducted using R, version 3.2.1 (R Foundation for Statistical
Compputing). £< 0.05 was considered statistically significant in all analyses including
interaction terms.

For the 491 subcohort participants, mean age was 51 + 9 (standard deviation) years, 39%
were women, 24% were nonwhite, and 31% were recruited at non-US centers. Mean eGFR
at baseline was 46 + 18 mL/min/1.73 m2, median time since transplantation was 3.9 years,
and 43% had received kidneys from living donors. Distributions of all 4 urine fibrosis
markers were right skewed, with median values of 1.60 (interquartile range [IQR], 0.78-
3.78) mg/dL for A1M, 183 (IQR, 84-351) pg/mL for MCP-1, 3.63 (IQR, 2.09-6.15) pg/L
for PIIINP, and 2.36 (IQR, 1.24-3.83) ug/L for PINP.

Subcohort participant characteristics overall and across quartiles of A1M are shown in Table
1. Compared with persons in the lowest quartile, those with higher urine A1M
concentrations were more frequently men and black, had shorter times since transplantation,
were more likely current smokers, and had a higher prevalence of CVD, higher blood
pressures, lower eGFRs, and higher urine ACRs, but a lower prevalence of diabetes.

Am J Kidney Dis. Author manuscript; available in PMC 2020 June 29.
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Participant characteristics by quartiles of the other 3 fibrosis markers are shown in Tables S2
to S4.

Table 2 shows correlations of the 4 urine fibrosis markers indexed to urine creatinine with
one another, with eGFR, with urine ACR, and with 4 kidney tubule cell injury biomarkers.
We observed the strongest correlation between urine A1M and L-FABP levels (r=0.77).
Other observed correlations were weak to moderate in strength. Relationships of the 4 urine
fibrosis markers with eGFRs were —0.08 to —0.25, whereas correlations with urine ACRs
were 0.21 to 0.51.

As described in the Methods section, we evaluated 257 allograft failure cases in FAVORIT
(of which 49 overlapped with the 491-member subcohort); these events occurred at a median
3.46 years of follow-up. Using the overall 699-individual analytic sample, we next evaluated
associations of the 4 urine fibrosis markers with allograft failure (Table 3). We observed a
strong and graded relationship between urine A1M levels and allograft failure. Each
doubling of A1M levels was associated with a more than 2-fold risk for allograft failure, and
a more than 13-fold gradient in risk was observed comparing the highest to the lowest
quartile after adjustment for demographics and kidney disease risk factors (model 1). With
additional adjustment for eGFR and urine ACR (model 2), doubling of A1M levels remained
associated with 70% higher risk and individuals in the fourth quartile remained at a more
than 7-fold risk for allograft failure when compared to the first quartile. The magnitude of
the association was only minimally influenced by additional adjustment for urine injury
biomarkers and the other 3 urine fibrosis markers (model 4).

Although the association between urine MCP-1 levels and allograft failure was also graded
and strong, it was weaker in magnitude compared to urine A1M. In model 1, adjusting for
demographics and traditional kidney disease risk factors, doubling of MCP-1 levels was
associated with approximately 2-fold higher risk for allograft failure. Additional adjustment
for eGFR and urine ACR (model 2) attenuated the association moderately, but each doubling
of MCP-1 level remained associated with 60% higher risk for allograft failure. Additional
adjustment for levels of the urine injury biomarkers and the other 3 urine fibrosis biomarkers
moderately attenuated the association further, such that MCP level doubling was associated
with nearly 50% higher risk for allograft failure, an association that remained statistically
significant. Associations by quartiles followed similar patterns, but the highest quartile was
not statistically significant in models that included all injury and fibrosis markers.

Urine PIIINP and PINP concentrations were also associated with allograft failure when
adjusted for demographics and kidney disease risk factors (model 1). However, additional
adjustment for eGFR and urine ACR attenuated these associations (model 2). Surprisingly,
when adjusted for the other fibrosis and tubular injury markers (model 4), higher PIIINP
level was significantly associated with lower risk for allograft failure.

We evaluated whether results were modified by baseline eGFR or ACR. Results were similar
in all cases except one. The association of PINP level with allograft failure was modestly
stronger in persons with ACRs > 300mg/g (HR, 1.40; 95% confidence interval [CI], 1.03—
1.92) than in those with lower ACRs (HR, 0.91; 95% ClI, 0.77-1.08; Pfor interaction =
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0.05). We also examined associations of each biomarker indexed to urine creatinine, rather
than adjusted for it. Results were slightly stronger when indexed (Table S5). However, in
each case, the interpretation was similar to that in the main models.

To provide a frame of reference of the relative strengths of association, we compared
associations of the highest versus lowest quartile of each urine fibrosis marker with allograft
failure to that of extreme quartiles of eGFR and urine ACR (Fig 2). The point estimate for
the association of the 4th quartile of urine A1M with allograft failure was stronger than that
of eGFR and was approximately half as strong as the highest quartile of urine ACR. Urine
MCP-1 was also strong, with the high quartile having a similar magnitude of association
with allograft failure as the lowest eGFR quartile (the low quartile had eGFRs < 33 mL/min/
1.73 m? vs the high quartile with eGFRs $ 57 mL/min/1.73 m2). It should be noted that
associations of levels of the fibrosis markers were adjusted for eGFR and ACR in Fig 2, so
the depicted risk shows information garnered above and beyond these standard clinical
markers of kidney function.

DISCUSSION

Among stable kidney transplant recipients, we found that higher concentrations of 2 urinary
markers of tubulointerstitial fibrosis, urine A1M and MCP-1, are strongly associated with
future allograft failure. These associations are independent of eGFR, urine ACR, other
kidney disease risk factors, and urine concentrations of kidney tubule cell injury biomarkers.
The associations are strong in comparison to eGFR and urine ACR, and if confirmed, these
findings may have important implications for monitoring kidney transplant recipients.

We have been interested in identifying novel noninvasive markers of kidney tubule fibrosis
in nontransplantation settings®=12 and extend that work to kidney transplant recipients for
the first time here. Tubular damage and tubulointerstitial fibrosis are common features of
several causes of decreased kidney allograft function, including acute rejection, BK
nephropathy, and long-term calcineurin inhibitor exposure. Because eGFR and urine ACR
primarily mark glomerular health, these commonly used clinical measures are insensitive to
detection of tubulointerstitial damage or fibrosis.2 For this reason, despite the invasive nature
of kidney biopsies, some transplantation centers have adopted protocols for surveillance
biopsies to detect acute rejection and other pathologic processes that may be missed by
laboratory monitoring alone.27-30 Noninvasive markers that provide insight into
tubulointerstitial fibrosis may therefore have a clinical role if they add information about risk
for allograft failure above and beyond eGFR and ACR.

To our knowledge, this is the first study to demonstrate the relationship of urine A1M and
MCP-1 levels with future risk for kidney allograft failure after accounting for eGFR and
urine ACR. Because of this and the strength of associations observed here, our findings
suggest that urine A1M and MCP-1 may ultimately provide a useful tool to identify kidney
transplant recipients who are at higher risk for allograft failure. Moreover, because A1M and
MCP-1 levels are associated with allograft failure independent of one another and are only
moderately correlated with one another, they may provide complementary information if
measured together. Future studies are required to determine whether acute changes in levels
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of these markers can identify individuals who may benefit from kidney biopsy or whether
changes in levels of these markers may allow evaluation of response to changes in drug
therapy.

As far as we are aware, this is also the first study to compare strengths of associations with
those of eGFR and ACR. The associations of these 2 markers with allograft failure were
strong in comparison, even when adjusted for eGFR and ACR. For an additional point of
comparison, a recent study from FAVORIT23 evaluated associations of 4 kidney injury
markers (NGAL, KIM-1, IL-18, and L-FABP) with subsequent allograft failure. In models
adjusted for similar covariates, the highest urine NGAL quartile was associated with 2.6-fold
increased risk for allograft failure; this effect was much weaker in comparison to that of
AlM (HR, 7.36) and MCP-1 (HR, 4.59) in the current report. The markers KIM-1, IL-18,
and L-FABP were not independently associated with allograft failure in that previous study.

Some prior studies have measured urine A1M in kidney transplant recipients. Our findings
are consistent with these studies. Evaluating 136 kidney transplant recipients at a single
center, Teppo et al3! demonstrated that urine A1M concentrations 8 days after
transplantation correlated with pretransplantation cold ischemia time; in addition, urine
A1M concentrations increased 1 to 4 days before acute rejection episodes and subsequently
declined during treatment for acute rejection. Two prior studies have demonstrated that urine
A1M concentrations are correlated with degree of tubulointerstitial fibrosis on protocol
biopsies.1532 The relationship between urine A1M levels and longitudinal changes in kidney
function has not been extensively studied. In a single-center study, higher urine A1M level
was significantly associated with allograft failure; however, only 12 allograft failure events
occurred during follow-up and the study did not adjust for eGFR or other kidney disease risk
factors.32 We previously reported that higher urine A1IM concentrations are associated with
longitudinal decline in eGFR among HIV-infected and -uninfected individuals and that urine
A1M level had a stronger association with this outcome compared with levels of several
kidney tubule injury biomarkers (KIM-1, IL-18, and NGAL).1! The current study extends
the work by evaluating a large multicenter sample of kidney transplant recipients with
considerably greater numbers of allograft failure events during follow-up, by demonstrating
that the association of urine A1M level with allograft failure is independent of eGFR and
urine ACR, and by putting the strength of association into context relative to clinically
available markers of kidney health and other urine injury biomarkers.

Few studies have evaluated urine MCP-1 concentrations in kidney transplant recipients.
MCP-1 is principally expressed by monocytes, fibroblasts, and endothelial cells. Its main
function is as a potent chemoattractant molecule expressed and released in response to tissue
injury. In biopsy studies, urine MCP-1 concentrations are correlated with the degree of
tubulointerstitial fibrosis, tubule atrophy, and inflammation in kidney transplant recipients.33
In a single-center study of 231 kidney transplant recipients who had 20 allograft failure
events, urine MCP-1 level was found to be associated with allograft failure.33 This
association remained statistically significant after adjustment for recipient age,
pretransplantation donor-specific antibody titer, and occurrence of delayed graft function;
however, no adjustment for eGFR, urine ACR, or other kidney disease risk factors was
undertaken. Thus, the present study confirms the association of MCP-1 level with future
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allograft failure in a larger sample and demonstrates for the first time that the association is
independent of traditional kidney disease risk factors, baseline eGFR, urine ACR, A1IM
level, and levels of several kidney injury biomarkers.

In contrast to urine A1M and MCP-1, urine PIIINP and PINP concentrations were not found
to be associated with future allograft failure when models were adjusted for eGFR and urine
ACR. In final models, higher urine PITINP level was significantly associated with lower risk
for allograft failure. Types | and 111 collagen are synthesized as procollagen molecules, and
the amino-terminal pro-peptides (PINP and PI1INP, respectively) are cleaved during collagen
deposition in the extracellular matrix and released into urine. Several studies have reported
that urine PIIINP concentrations are associated with tubulointerstitial fibrosis on biopsy.
15.17.18 |n an elderly community-living population, we recently reported that higher urine
PIIINP concentrations are associated with longitudinal decline in kidney function
independent of baseline eGFR, ACR, and other kidney disease risk factors.10 Less is known
about urine PINP. However, types | and 11 collagen are the main constituents of renal
fibrosis, and type 1 fragments were recently identified as predictors of CKD progression by
an untargeted proteomic approach.3* The reasons why urine PIIINP and PINP
concentrations were not associated with allograft failure in this study are uncertain, but the
different setting and/or use of immunosuppression are possible contributors. We were
surprised by higher urine PIIINP levels being associated with lower risk for allograft failure
in final models. Given the change in direction of associations across subsequent models, it is
possible that this finding reflects overadjustment and/or that the other urine injury and
fibrosis markers are marking the biological processes more precisely than urine PIIINP.

We selected the 4 urine markers based on their relationships with tubulointerstitial fibrosis in
prior biopsy studies. However, only 2 were found to be associated with allograft failure, and
A1M and MCP-1 both provide insights into other factors beyond fibrosis. A1M is freely
filtered and avidly reabsorbed by proximal tubule cells in healthy kidneys, and higher urine
concentrations may therefore mark defects in proximal tubule reabsorptive capacity in
addition to relationships with fibrosis. Similarly, MCP-1 is a potent chemoattractant
molecule and may therefore mark intrarenal inflammatory stress above and beyond its
relationships with fibrosis. As collagen markers, PIIINP and PINP may be more specific to
fibrosis only. Whether non—fibrosis-related biological pathways may be the predominant
factors driving associations with allograft failure rather than fibrosis per se requires further
study.

Strengths of the present study include the large sample of kidney transplant recipients
recruited from many centers in 3 countries. The long-term follow-up and large number of
allograft failure events provided substantial statistical power. Availability not only of kidney
disease risk factors, eGFR, and urine ACR, but also of multiple urine tubule injury
biomarkers are an additional strength. These data allowed us to assess the correlation of
urine fibrosis markers with a reasonably large panel of other kidney disease measures and
determine the degree to which the fibrosis markers identify risk for allograft failure
independent of the others.

Am J Kidney Dis. Author manuscript; available in PMC 2020 June 29.
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The study also has important limitations. We lack data for kidney biopsies, BK viremia
status, and HLA antibody status. Whether these factors may influence levels of urine fibrosis
markers is uncertain and requires future study. However, a noninvasive method to assess
fibrosis may prove useful regardless of these measures to identify kidney transplant
recipients at risk for progression and potentially to noninvasively track response to changes
in therapy. We measured urine fibrosis markers at one point in time. Thus, the stability of
urine concentrations of fibrosis markers over time and the relationship of trajectory of
change with allograft function are uncertain. Given emerging data from other studies
suggesting that urine A1M may change dynamically in the setting of acute rejection,3! these
questions should be a high priority for future studies. As with any observational study, the
possibility of residual confounding cannot be excluded; however, the strong associations
reported here and the relatively modest attenuation observed with statistical adjustment
argue against this possibility.

In conclusion, among stable kidney transplant recipients, urine A1IM and MCP-1
concentrations are strongly associated with risk for kidney allograft failure. These
associations are independent of baseline eGFR and urine ACR and of urine concentrations
of several markers of kidney tubule cell injury. If the findings are confirmed, A1IM and
MCP-1 measurement may provide an opportunity to identify kidney transplant recipients at
higher risk for allograft failure, for whom closer surveillance may be warranted.
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All FAVORIT
Participants N=4,110

Allograft
Failure Cases
n=257
(n =208)

Random

Subcohort
n =491

Figure 1.
Sampling for this study within the FAVORIT (Folic Acid for Vascular Outcome Reduction

in Transplantation) Trial. Among the 4,110 FAVORIT participants, we randomly selected
491 into the subcohort irrespective of allograft failure case status. We separately sampled all
participants who had allograft failure during follow-up (cases). Of the 257 allograft failure
cases, 49 had already been sampled into the subcohort, the remaining 208 were sampled
outside of the subcohort.
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Figure 2.
Association with allograft failure of quartile 4 versus quartile 1 of each marker. Point

estimates reflect the highest versus lowest quartile of the marker, with the exception of
estimated glomerular filtration rate (eGFR), for which the lowest (worst kidney function) is
compared to the highest quartile. All models are adjusted for urine creatinine, age, sex, race,
country, FAVORIT (Folic Acid for Vascular Outcome Reduction in Transplantation)
randomization group, diabetes, systolic blood pressure, cardiovascular disease, smoking,
time since transplantation, living donor status, eGFR, and urine albumin-creatinine ratio
(ACR), corresponding to model 2 from Table 3. For eGFR, individuals in quartile 4 had
eGFRs < 33 mL/min/ 1.73 m2, and those in quartile 1 (reference category) had eGFRs > 57
mL/min/1.73 m2. For urine ACR, individuals in quartile 4 had urine ACRs = 105 mg/g, and
those in quartile 1 (reference category) had urine ACRs < 10 mg/g. Error bars reflect 95%
confidence interval limits. For ACR, the upper bound of the 95% confidence interval is
truncated for improved visual appearance of the other markers; the upper limit of the 95%
confidence interval is at 29.5. Abbreviations: a1lM, aq-microglobulin; MCP-1, monocyte
chemoattractant protein 1; PINP, procollagen type I; PIIINP, procollagen type Il1.
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