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Abstract

Rationale & objective: Primary hyperoxaluria type 1 (PH1) is an autosomal recessive disorder
of glyoxylate metabolism that results in early onset kidney stone disease, nephrocalcinosis,

and kidney failure. There is an unmet need for reliable markers of disease progression to test
effectiveness of new treatments for patients with PH. In this study, we assessed the rate of eGFR
decline across chronic kidney disease (CKD) stages in a cohort of patients with PH1.

Study Design: Retrospective observational study.

Settings and Participants: Patients with PH1 enrolled in the Rare Kidney Stone Consortium
(RKSC) registry who did not have kidney failure at diagnosis and who had at least two eGFR
values recorded from within 1 month of diagnosis until their last contact date or incident kidney
failure event.

Predictors: CKD stage, baseline patient and laboratory characteristics.
Outcomes: Annualized rate of eGFR decline.

Analytical approach: Generalized estimating equations (GEE) and linear regression were used
to evaluate the associations between CKD stage, baseline patient and laboratory characteristics,
and annual change in eGFR during follow-up.
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Results: Mean annual decline in eGFR was higher in CKD stage 3a (-5.3 ml/min/1.73 m2) than
in stage 2 (-2.3 ml/min/1.73 m2). A greater rate of eGFR decline was observed in CKD stage 3b

and 4 (-14.7 ml/min/1.73 m2 and-16.6 ml/min/1.73 m2, respectively). In CKD stage 2, older age
was associated with a more rapid rate of eGFR decline. (p<0.001). The G170R variant of AGXT
appears to have a favorable effect on eGFR annual decline.

Limitations: Data at regular time points were not available for all patients due to reliance on
voluntary reporting in a retrospective rare disease registry.

Conclusions: eGFR decline was not uniform across CKD stages in this PH1 population, with a
higher rate of eGFR decline in CKD stages 3b and 4. Thus, CKD stage needs to be accounted for
when analyzing eGFR change in the setting of PH1.

Plain Language Summary

Primary hyperoxaluria (PH) is a genetic disorder characterized by increased hepatic oxalate
production. PH type 1 (PH1) accounts for the majority of PH cases. Approximately half of PH1
patients develop kidney failure by the 4! decade of life. The rate of change in eGFR over time
has recently been proposed as a surrogate end point for clinical trials in patients with PH1. Using
multivariable statistical analysis, eGFR slope estimates were compared across CKD stages in a
PH1 cohort. Results suggest that eGFR decline occurs at a higher rate in more advanced CKD
stages, an important consideration in design of clinical trials. Measures to prevent early loss of
kidney function in PH1 could be particularly important, since eGFR decline accelerates in more
advanced stages of CKD.

Keywords
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Introduction

The primary hyperoxalurias (PH) are inborn errors of metabolism that result in hepatic
overproduction of oxalatel. To date, three forms of PH (PH types 1, 2 and 3) have been
identified, each caused by a distinct enzyme deficiency in the glyoxylate metabolism
pathway. Primary hyperoxaluria type 1 (PH1), the most severe of the three types, accounts
for up to 80% of PH cases? and results from pathogenic variants in the AGXT gene resulting
in dysfunction of the hepatic peroxisomal enzyme alanine glyoxylate aminotransferase
(AGT). PH1 is marked by high urinary oxalate (Uox) excretion which often is associated
with recurrent urinary stone disease and/or nephrocalcinosis?3. Over time, loss of kidney
function is common, often leading to kidney failure?. Indeed, up to a half of PH1 patients
have progressed to kidney failure by the time of diagnosis®®.

Timely diagnosis and subsequent management play an important role in PH, since late
diagnosis has been associated with adverse outcomes’=9. Up to 50% of PH1 patients
progress to kidney failure by age 35, and 90% by age 60 years10. If kidney failure
occurs, systemic oxalosis and/or recurrent oxalate nephropathy in a kidney allograft are
frequent and potentially severe complications. Preservation of kidney function in those
diagnosed earlier relies upon efforts to reduce calcium oxalate crystal-induced injury to
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the kidney through maintenance of high urine volume, use of crystallization inhibitors,

and where possible reduction in hepatic oxalate production. In PH1, Uox excretion can be
pharmacologically reduced in a subset of patients that are responsive to oral pyridoxinell,
or by a small inhibitory RNA directed against hepatic glycolate oxidase (lumasiran)!2.
Currently, there are no approved therapies for PH2 or PH3. Clinical trials in PH have

been challenging due to rarity of the disease and the long observation period necessary for
clinically meaningful end points such as kidney failure or kidney stone events!3. Thus, a
Kidney Health Initiative (KHI) working group recently proposed Uox, plasma oxalate (Pox)
and estimated glomerular function rate (eGFR) slope as potential surrogate end points that
could be used to establish the efficacy of new treatments in PH1 clinical trials13.

In order for trials that employ eGFR as an endpoint to be sufficiently powered, knowledge
regarding the expected rate of GFR decline in the disease under study is needed. Clinical
experience suggests that PH1 patients can sometimes progress rapidly and unexpectedly to
kidney failure, and that the loss of kidney function may not be linear over time. Thus, to
better understand eGFR slope across the chronic kidney disease (CKD) stages, longitudinal
data in the Rare Kidney Stone Consortium (RKSC) PH registry was analyzed. We also
investigated the relationship between eGFR and another potential surrogate endpoint, Pox,
since previous studies suggest these 2 measures are interrelated??.

Materials and Methods

Study Population

This study was approved by the institutional review board at the Mayo Clinic, Rochester.
Our study population was derived from PH1 patients enrolled in the Oxalosis and
Hyperoxaluria Foundation (OHF) Rare Kidney Stone Consortium (RKSC) PH Registry and
who were free of kidney failure at time of PH diagnosis. Informed consent was obtained
prior to enrollment in the RKSC registry. Patients were included in the analysis cohort if
they had at least two eGFR values available for analysis after age 2, from within 1 month
prior to PH1 diagnosis up to their last contact date or incident kidney failure. All available
eGFR values in this timeframe were used in the analysis. For this analysis medical records
abstracted and registry data entered at non-Mayo sites were excluded since follow up was
limited and key laboratory values could not be verified.

Data Collection and Measurements

Serum creatinine, Pox, and Uox laboratory measurements were obtained from the

OHF RKSC registry and augmented from Mayo laboratory databases. To eliminate inter-
laboratory variability, all Pox values used for this study were measured in the Mayo Clinic
Renal Testing laboratory by oxalate oxidase enzyme method (reference value < 2 pmol/
L)15. eGFR was estimated using Pottel’s FAS equation, which allows for estimation of the
glomerular filtration rate across the full age spectrum?®. Kidney failure was defined as the
first occurrence of transplant, initiation of dialysis, or eGFR<15 ml/min/1.73m2.
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Statistical Analysis

Data are presented as the mean (SD) or median [IQR] for continuous variables, and n (%)
for categorical variables. Registry patients may contribute to more than one CKD stage
group based on observed data using a landmark style analysis!”:18, See Figure S1 for a
visualization of the cohorts corresponding to each CKD stage. To be included in a particular
stage for analysis, a patient had to have an eGFR value meeting or below each stage criteria
(CKD2: <90; CKD 3a: <60 CKD3b: <45; CKD4: <30; CKD5: <15) plus at least one
additional eGFR value measured at least one month later(see Figure S2). The first eGFR for
a given stage represents the baseline. For example, a patient with eGFR values of 70, 55, 50,
and 40 would contribute an observation as CKD2 with baseline eGFR 70 (follow up 55, 50,
and 40) and contribute an observation as CKD 3a with baseline eGFR 55 (follow up 50 and
40), but would not contribute a CKD3b observation since there is not a second eGFR value
after 40. Individual patient time points after kidney failure without a recorded eGFR were
assigned a value of 15 ml/min/1.73m2. See Laboratory values closest to baseline and within
the period of 1 year prior to and up to 1 week after baseline are reported.

For each observation unit (patient contributing to a CKD stage), annual absolute rate of
change was calculated as the least squares slope of eGFR regressed on time from baseline
using all eGFR values on or after the baseline. Annual percentage change was calculated

as the percent change in geometric mean eGFR using least squares slope of eGFR on the
log scale. Both absolute and percent change calculations utilized all follow-up eGFR values
measured after entry into each CKD stage, until kidney failure or loss to follow-up. Mean
of least squares slope within each CKD stage were compared to the null hypothesis of

no annual change using one-sample t-tests. Generalized Estimating Equations (GEE) with
compound symmetric working correlation were used to account for patients contributing
multiple observations when assessing annual absolute and percent change in slope across
CKD stages (multiple baselines with each entry into new stage). Overall p-values for trend
were calculated considering CKD stage as an ordinal variable; estimates and p-values for
each CKD stage were derived, with the earliest CKD stage 2 taken as the reference level.
As a sensitivity analysis, the above analysis of absolute and annual percentage change in
eGFR was also performed stratified by G170R mutation status, and within each CKD stage;
2-sample t-tests were used to assess differences in annual eGFR change across mutation
types. It was not possible to analyze eGFR change across the CKD stages in the G170R
homozygous genotype subgroup alone due to a small sample size. Linear regression was
used to evaluate the association between baseline patient and laboratory characteristics and
annual change in eGFR by stage.

The association between patient baseline characteristics and progression (to a worse CKD
stage or kidney failure) was assessed using Cox proportional hazards models, fitted
separately to each CKD stage. For this analysis, patients were considered to enter a CKD
stage once their eGFR fell exactly within each CKD stage (CKD2: 61-90; CKD 3a: 46—
60; CKD3b: 31-45; CKD4: 16-30; CKD5: <15). Each variable was analyzed univariately.
Patients without progression were censored at date of last contact. Results are described as
hazard ratios and 95% confidence intervals.
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To evaluate the correlation between Pox laboratory measurements and eGFR values, all
laboratory measurements which occurred +/-1 week of the eGFR value were retained for
analysis. Linear mixed effects models with subject-specific intercept and fixed effects for all
other covariates assessed the association between Pox and eGFR accounting for correlation
within patients. The logarithmic transformations of both Pox and eGFR were used for this
analysis to satisfy assumptions of normality of the error terms and a linear relationship
between the two log-transformed variables to allow for calculation of the repeated measures
correlation coefficient'®. Along with coefficient estimates from the mixed models, predicted
values and associated 95% confidence intervals for the mean, were reported for Pox
measures across eGFR values. Slopes were also reported and were calculated by taking the
derivative of the mixed model equation across eGFR values. All analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC) and R version 3.6.1 (R Foundation for
Statistical Computing, Vienna, Austria). All p-values were two-tailed and were considered
statistically significant at the 0.05 alpha level.

Baseline Characteristics

A total of 129 PH1 patients met inclusion criteria for this study (Figure 1). Median [IQR]
age at PH diagnosis (dx) was 8.6 [3.3, 21.6] years, 70 (54.3%) were male, and 99 (76.7%)
were Caucasian. Baseline characteristics by CKD stage are presented in Table 1. A total of
1,290 eGFR values were available throughout follow-up. Average (SD) follow-up time was
15.6 (1.2) years in this cohort (median [95% CI] 12.1 [9.7 to 15.2] years), and 48 (37.2%)
subjects experienced kidney failure during follow-up.

Change in eGFR across CKD stages

Among the 129 PH1 patients, 7 patients did not have any eGFR value below 90 during
follow-up, and 1 patient did not have a second eGFR measure occurring at least 1 month
after the first eGFR measure <90 during follow-up. For the remaining patients, there were
121 patients available for follow-up in CKD stage 2; 72 in CKD stage 3a; 41 in CKD stage
3b; and 14 in CKD stage 4. The median [IQR] number of eGFR measurements per patient
available for the study participants was 8 [4, 13] in CKD stage 2; 8 [4, 14] in stage 3a; 6 [3,
12] in stage 3b; and 3 [3, 6] in stage 4. Patients in CKD stages 3a, 3b and 4 all experienced
a significant decline in eGFR during follow-up when expressed as annualized change. When
compared across stages, annualized eGFR declined more rapidly in stages 3a, 3b and 4 as
compared to stage 2 (Table 2 and Figure 2). Results were similar when expressed as percent
change in eGFR (see Table S1). The eGFR trajectories during follow-up stratified by entry
into each CKD stage are presented in Figure S1. As expected, progressive eGFR decline
was the rule. However, a single patient experienced a substantial improvement in eGFR
after reaching CKD stage 4 due to an episode of acute post-infectious nephritis in childhood
unrelated to PH that caused a transient kidney injury (see Figure S1).

When stratifying by G170R mutation status (Table S4), 11 of the 13 patients homozygous
for G170R met inclusion for entry into CKD2 and 1 met inclusion for entry into CKD3a.
Accordingly, this small subgroup appeared less likely to lose kidney function over time.

Am J Kidney Dis. Author manuscript; available in PMC 2023 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Singh et al.

Association

Association

Page 6

Patients heterozygous for a G170R mutation did not show significant differences in
annualized eGFR decline across CKD stages. Patients without a G170R mutation had a
similar, albeit slightly greater annualized loss in eGFR compared to the overall cohort in
the main analysis, and when compared across stages their annualized eGFR also declined
more rapidly in the more advanced CKD stages. However, there was no overall statistically
significant difference in annual rates of eGFR change across mutation type within any CKD
stage (Table S4), perhaps due to the reduced sample size rather that lack of a true biologic
difference.

between baseline characteristics and change in eGFR across CKD stages

Older age was associated with a more rapid rate of decline in eGFR for patients in CKD
stage 2 (p<0.01). For patients in CKD stage 3b, higher Uox was also associated with a more
rapid rate of decline in eGFR (average per 0.1 mmol/1.73m2/24hr of Uox: —0.50; p<0.05 for
both). However results were no longer significant for Uox for patients in CKD stage 4 (Table
3). Findings were similar when assessing annual percent in eGFR as the outcome (see Table
S2).

between baseline characteristics and time to entry into subsequent CKD

stage, across CKD stages

In time to event analyses, higher eGFR at first entry into CKD stage 2 was associated with

a lower risk of entry into subsequent CKD stages or kidney failure; older age at first entry
into CKD stages 3a and 3b was associated with a higher risk of entry into subsequent stages;
older age at PH diagnosis and longer time between first symptom onset and PH diagnosis
were associated with higher risk of entry into subsequent stages in CKD stage 3a; and a
history of nephrocalcinosis was associated with a higher risk of entry into kidney failure in
CKD stage 4 (Table 4).

Relationship between Pox and eGFR

For analyses comparing laboratory values over the course of disease, 75 individuals had at
least 1 Pox obtained within 1 week of a serum creatinine (SCr) result, resulting in a total of
399 paired measurements available for analysis.

A repeated measures correlation coefficient demonstrated a strong negative association
between Pox and eGFR (r=—0.41 (95% ClI: —-0.50, —0.32), p<0.01). Model coefficients from
fitting the linear mixed model are presented in Table S3. Fitted average Pox trajectories by
eGFR from the model along with the actual patient trajectories are plotted in Figure 3. Each
10% decrease in eGFR was associated with a 13.9% increase in Pox. Predicted Pox values
and slopes across eGFR levels are presented in Table S5. Pox concentrations appear to show
modest change for eGFR levels greater than 60, and then sharply increase with decreasing
eGFR values <30 ml/min/1.73m2.

Discussion

Given the marked morbidity PH1 patients can experience, particularly kidney failure in up
to half of subjects by the 4th decade, there is a pressing need for improved treatments3.
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End points for clinical trials to test effectiveness of new agents for this rare disorder have
been challenging due to rarity of the disease and the long observation period necessary for
clinically meaningful end points. The slope of eGFR over time has been proposed as a
surrogate endpoint3:20.21 Recent studies have led to the general acceptance of eGFR slope
as a surrogate for kidney failure in several specific kidney diseases by the US Food and Drug
Administration (FDA), the National Kidney Foundation (NKF) and the European Medicines
Agency?122_ In a recent metanalysis of over 3 million participants, slower eGFR decline by
0.75 ml/min/1.73m2 per year over 2 years was associated with a lower risk of kidney failure
among those participants with baseline eGFR both above and below 60ml/min/1.73 m2 20,
Thus, the NKF deemed that a difference of 0.5-1.0 ml/min/1.73 m2/year in eGFR portends
a meaningful clinical benefit23.24. However, the validity of eGFR slope as a surrogate for
clinical endpoints in patients with rarer causes of CKD requires that the decline in eGFR be
consistent over time and by CKD stage.

The current study examined eGFR slope over time across progressive CKD stages in a large
cohort of PH1 patients and annual decline of eGFR was shown to vary by CKD stage. Our
method included all eGFR measurements for each patient from the time of assignment to a
CKD cohort until kidney failure, death, or loss to follow-up in order to account for the full
clinical course. Mean annual change was —2.3 and —5.3 ml/min/1.73m?2 in CKD stages 2 and
3a (Figure 2 and Table 2). Thus, improvements in eGFR slope of the magnitude suggested
by the NKF guidelines would likely be meaningful. A greater rate of eGFR decline was
observed in CKD stages 3b and 4, with annual rates of decline of —14.7 and —16.6 ml/min/
1.73m?2, respectively. This study supports the clinical impression that eGFR decline tends to
accelerate as patients progress through CKD stages 3b and 4. Thus, if eGFR is used as a
surrogate endpoint in future studies, it would be important to take baseline CKD stage into
account.

Because Pox is the net result of both oxalate generation and renal elimination of oxalate,
elevations in Pox are relatively modest in patients with PH1 when GFR is well preserved.
However, as GFR declines, Pox increases rapidly. These interrelationships might explain
why associations between Pox and GFR decline were more notable at advanced CKD stages
in the current study (Figure 3 and Table S5). Figure 3 also demonstrates an inflection
point for Pox at an eGFR of approximately 30 ml/min/1.73 m2. The risk for systemic
oxalosis increases exponentially as Pox exceeds 30-50 umol/L25-27 which corresponds to
the oxalate concentration at which the calcium oxalate ion product in blood exceeds the
solubility product. Thus, these data suggest that patients need to be monitored closely as
GFR approaches 30 ml/min/1.73m2, i.e. CKD stage 3b and 4, with frequent checks of Pox
and early initiation of dialysis as indicated to prevent systemic oxalosis.

Progression to renal failure has been shown to correlate with urine oxalate excretion rate in
PH patients with preserved kidney function®28. High Uox favors CaOx crystal formation.
CaOx crystals in kidney tubules and interstitium cause injury and trigger an inflammatory
pathway (NLRP3) resulting in progressive renal fibrosis and loss of kidney function28:29,
However, since urinary oxalate excretion is expected to decrease as GFR declines, the
causative role of Uox in advanced CKD has been unclear. Markedly elevated Pox in CKD
stages 4-5 has been implicated in systemic deposition of oxalate (oxalosis) causing damage
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to diverse organs including bone, skin, eyes, and heart39. However, Pox levels are typically
only mildly elevated in CKD stages 1-3a and a role for Pox as a predictor of CKD
progression at early stages has not yet been defined. Based on the overall evidence, we
suggest that Pox and Uox may play complementary roles for predicting kidney function
decline, with Uox being more informative during early CKD stages (1-3a) and Pox in more
advanced CKD stages13:31,

The current study has notable strengths. We have data available for a relatively large number
of individuals with this rare disease, including multiple laboratory measurements such as
SCr and Pox over decades of follow-up. Such data allows for longitudinal analysis of eGFR
and Pox trends over time, as well as the ability to investigate potential associations with
other laboratory and clinical features.

This study has certain limitations. As data were obtained from retrospective review of
registry data, causality cannot be inferred from the observed associations of Pox and

eGFR decline. The Oxalosis and Hyperoxaluria Foundation (OHF) RKSC PH registry is a
voluntary retrospective registry and therefore this cohort may not represent all patients with
PH1. Moreover, comprehensive data at regular time points were not available for all patients
due to voluntary reporting at the time of medical care sought at variable time intervals.

In conclusion, the current study demonstrates that CKD stage needs to be accounted for
when analyzing eGFR change over time in a PH1 population. Importantly, these data
suggest that measures to prevent eGFR decline below 45 ml/min/1.73m? are particularly
important in PH1 since the disease course appears to accelerate rapidly thereafter.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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N=572
Patients entered in the RKSC registry as of 02/16/2020

-443 Patients excluded:
-39 patients with charts abstracted at non-Mayo sites
-166 patients with PH type Il, lll or unknown
-120 patients with kidney failure at PH type | diagnosis
-118 patients with <2 eGFR values between 30 days prior to PH
type | diagnosis and up to kidney failure or last contact date in the
registry aged 2 years or older

N=129
Patients in the analysis cohort

Figure 1.
Flowchart of inclusion and exclusion criteria for analysis cohort

Am J Kidney Dis. Author manuscript; available in PMC 2023 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Singh et al.

Annualized absolute change in eGFR, (ml/min/1.73m2)/year
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CKD 2

CKD 3a

CKD 3b

CKD 4

Figure 2.

Boxplots overlaid with scatterplots of eGFR annual rates of change during follow-up, by

CKD stage. Black diamonds denote the mean rate of change in each CKD stage.
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Figure 3.
Plot of plasma oxalate versus eGFR. Individual patient trajectories of plasma oxalate by

eGFR are plotted in color. Black line indicates fitted average plasma oxalate versus eGFR
using a linear mixed model, using logarithmic transformations of both Pox and eGFR.
Dotted lines indicate the 95% confidence intervals of the fixed effects.
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Patient and laboratory characteristics at time of entry into each CKD stage

Table 1.

Page 14

CKD Stage 2 CKD Stage 3a CKD Stage 3b CKD Stage 4

Patient characteristic (N=121) (N=72) (N=41) (N=14)
Male, n(%) 66 (54.5%) 36 (50.0%) 22 (53.7%) 9 (64.3%)
Age at PH dx (years)

Median [IQR] 7.8[3.3,21.9] 7.7[4.2,21.7] 9.4[4.4,281] 10.8 [6.9, 28.9]

Range (0.0-53.4) (0.0-53.4) (0.0-53.4) (0.5-53.4)
Time from Symptom Onset to PH
diagnosis *(years)

N 106 66 36 13

Median [IQR] 2.0[0.1,8.0] 1.3[0.0, 6.0] 2.0[0.1,9.0] 3.9[20,11.1]

Range (-12.3-51.0) (-0.7-51.0) (-0.5-51.0) (-0.5-35.3)

Age at 15t entry into CKD stage (years)

Median [IQR]
Range

eGFR at 1% entry into CKD stage, mL/min/

1.73m2
Median [IQR]
Range

Nephrocalcinosis, n(%)

Plasma oxalate, pmol/L

N
Median [IQR]
Range

Urine oxalate, mmol/1.73 m2/24 h

N
Median [IQR]
Range

10.7 [4.7,28.1]
(2.0-55.0)

66.6 [54.6, 77.5]
(17.0-89.7)
37 (30.6%)

28
4.113.0,9.2]
(0.9-19.1)

80
1.7[1.1,2.7]
(0.4-5.7)

14.0[6.0, 31.4]
(2.1-55.0)

52.2 [45.1, 56.9]
(17.0-59.9)
29 (40.3%)

20
5.41[2.7,8.4]
(0.9-14.9)

47
1.9[1.0,3.0]
(0.3-5.6)

19.0 [8.4, 40.8]
(2.7-65.0)

38.2[33.2, 43.0]
(17.0-44.7)
15 (36.6%)

18
13.4[6.5, 16.0]
(1.4-32.3)

29
21[11,27]
(0.5-4.8)

22.6[10.2, 46.2]
(2.7-58.4)

24.6 [22.5, 27.6]
(16.0-29.1)
7 (50.0%)

8
27.1[117,34.3]
(2.9-49.7)

11
2.3[1.4,3.4]
(0.7-3.8)

Definition of “15t entry into each CKD stage” is the 15t time the patient had a reported eGFR that was at or lower than the CKD stage cut-off

fLab values at baseline were defined as occurring between 1 year prior to and up to 1 week after entry into CKD stage

*
PH diagnosis preceded onset of symptoms in some patients identified by family screening.
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Table 2.

eGFR annual rates of absolute change during follow-up

Annual rate of change (ml/min/1.73m?2/year)

N follow-up eGFR per N
N  NeGFR patient, Median [IQR] Mean (SD) Median [IQR]  Beta Coefficient (SE) P P-trend

CKD 0.007
Stage

2 (<90) 121 1239 81[4,13] -2.3(14.0) -0.85[-3.2,1.2] Ref Ref

3a (<60) 72 767 8[4,14] -53(21.3)"" -1.2 [-6.3,0.64] -2.5(1.6) 0.1

3b (<45) 41 361 63, 12] ~147 (245 —42[-13,-17] -6.5(2.7) 0.02

4 (<30) 14 93 3[3,6] -16.6 (20.0) *#*  -96[-31,-1.7] -10 (4.1) 0.01

*

Beta coefficient represents the estimated change in eGFR slope (ml/min/1.73m2/year) for each subsequent CKD stage, relative to CKD stage
2. Results were calculated using Generalized Estimating Equations (GEE) with compound symmetric working correlation to account for patients
contributing multiple observations to the data.

Ak
Significantly different from 0 at the 0.05 alpha level.

P-values in bold denote statistical significance at the 0.05 alpha level.
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Table 3.
Univariate associations between eGFR change and factors at entry into that CKD stage
Lower 95%  Upper 95%
Patient characteristic N Estimate Cl Cl
Male, n(%) 121 2.49 -2.50 7.49 0.3
Age at PH dx (per 10 years) 121 -1.19 -2.90 0.52 0.2
Difference b/t Symptom Onset and PH dx (per year) 106 -0.11 -0.34 0.12 0.3
Age at 1t entry into CKD stage (per decade) 121 -2.29 -3.93 -0.65 0.01
< t H i
Stage 2 (eGFR<90) frenGzl):R at 15t entry into CKD stage (per 10 mL/min/1.73 121 122 ~0.30 975 01
Nephrocalcinosis, n(%) 121 3.44 -1.94 8.83 0.2
Plasma oxalate ” (per 1 umol/L) 28 0.39 -0.55 1.34 0.4
BSA adjusted urine oxalate 7 (per 0.1 mmol/1.73 m2/24h) 80 -0.14 -0.35 0.07 0.2
Male, n(%) 72 8.83 -0.85 18.51 0.08
Age at PH dx (per 10 years) 72 -1.20 -4.51 2.10 0.5
Difference b/t Symptom Onset and PH dx (years) 66 -0.08 -0.55 0.40 0.8
Age at 1%t entry into CKD stage (per decade) 72 -2.60 -5.40 0.19 0.07
< t H i
Stage 3a (eGFR<60) frenGzl):R at 15t entry into CKD stage (per 10 mL/min/1.73 7 412 113 0.38 01
Nephrocalcinosis, n(%) 72 5.17 -4.85 15.20 0.3
Plasma oxalate 7 (per 1 pmol/L) 20 0.98 -0.31 2.27 0.2
BSA adjusted urine oxalate (per 0.1 mmol/1.73m2/24 h) 47 -0.16 -0.48 0.16 03
Male, n(%) 41 5.55 -9.60 20.70 0.6
Age at PH dx (per 10 years) 41 -0.40 -5.26 4.46 0.9
Difference b/t Symptom Onset and PH dx (years) 36 0.15 -0.50 0.79 0.7
Age at 1t entry into CKD stage (per decade) 41 -1.44 -5.43 2.56 0.5
< t i i
Stage 3b (eGFR<45) frenGzl):R at 15t entry into CKD stage (per 10 mL/min/1.73 a1 112 1164 9.40 08
Nephrocalcinosis, n(%) 41 7.13 -8.49 22.75 04
Plasma oxalate 7 (per 1 pmol/L) 18 -0.37 -1.20 0.45 04
BSA adjusted urine oxalate 7 (per 0.1 mmol/1.73 m2/24 h) 29 -0.50 -0.96 -0.04 0.04
Male, n(%) 14 -6.75 -29.20 15.70 0.6
Age at PH dx (per 10 years) 14 3.19 -4.03 10.43 0.4
Difference b/t Symptom Onset and PH dx (years) 13 0.64 -0.34 1.63 0.2
Age at 1t entry into CKD stage (per decade) 14 1.40 -4.49 7.30 0.7
< t H i
Stage 4 (eGFR<30) frenGzl):R at 15t entry into CKD stage (per 10 mL/min/1.73 14 611 3272 2050 07
Nephrocalcinosis, n(%) 14 -17.50 -36.96 1.95 0.1
Plasma oxalate f(per 1 ymol/L) 8 -0.62 -1.54 0.30 0.2
BSA adjusted urine oxalate 7 (per 0.1 mmol/1.73 m2/24 ) 11 -1.15 -2.24 -0.05 0.07

Models are fit separately for different CKD stages.

*
Estimate: Change in annual absolute rate of change of eGFR (ml/min/1.73m2/year) per 1 unit increase in patient characteristic
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fLab values at baseline were defined as occurring between 1 year prior to and up to 1 week after entry into CKD stage
P-values in bold denote statistical significance at the 0.05 alpha level.
N=number of patients.

Results were calculated using linear regression.
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Table 4.

Page 18

Univariate associations between baseline factors prior to or at CKD stage and time to entry into subsequent

CKD stage
Patients Events Lower Upper
Patient characteristic (N) (N) HR 95% ClI 95% ClI P
Male, n(%) 81 43 0.80 0.44 147 0.5
Age at PH dx (per 10 years) 81 43 111 0.88 1.39 0.4
Difference b/t Symptom Onset and PH dx
(per year) 70 40 1.02 0.98 1.05 0.3
Age at 1% entry into CKD stage (per 81 43 110 0.87 1.40 0.4
decade) ) ’ ’ '
Stage 2 (GFR<90) eGFR at 1t entry into CKD stage (per 10
mL/min/1.73 m2) 81 43 0.42 0.27 0.64 <.001
Nephrocalcinosis, n(%) 81 43 121 0.59 2.50 0.6
Plasma oxalate ” (per 1 umol/L) 20 11 0.96 0.79 1.16 0.7
BSA adjusted urine oxalate f(per 0.1 mmol/ 54 31 1.02 0.98 1.05 0.4
1.73 m2/24 h) ' ' ' '
Male, n(%) 54 32 0.70 0.34 1.45 0.3
Age at PH dx (per 10 years) 54 32 1.37 1.07 1.75 0.01
Difference b/t Symptom Onset and PH dx 52 31 105 101 1.09 001
(years) ' ' ' ’
Age at 1% entry into CKD stage (per
decade) 54 32 1.32 1.08 1.61 0.01
Stage 3a (6GFR<60) eGFR at 1t entry into CKD stage (per 10
mL/min/1.73 m2) 54 32 0.75 0.34 1.64 0.5
Nephrocalcinosis, n(%) 54 32 1.23 0.61 2.47 0.6
Plasma oxalate ” (per 1 pmol/L) 17 7 1.00 0.79 127 0.9
BSA adjusted urine oxalate f(per 0.1 mmol/ 37 21 0.99 0.97 1.03 0.9
1.73 m2/24 h) ' ' ' '
Male, n(%) 32 26 1.20 0.54 2.67 0.7
Age at PH dx (per 10 years) 32 26 1.23 0.95 1.58 0.1
Difference b/t Symptom Onset and PH dx 28 23 101 0.98 1.05 0.4
(years) ' ' ' '
Age at 1% entry into CKD stage (per
decade) 32 26 1.29 1.03 1.61 0.03
Stage 3b (€GFR<45) eGFR at 1t entry into CKD stage (per 10
mL/min/1.73 m2) 32 26 0.56 0.17 1.85 0.3
Nephrocalcinosis, n(%) 32 26 0.45 0.19 1.05 0.07
Plasma oxalate 7 (per 1 pmol/L) 13 1 112 0.99 1.25 0.07
BSA adjusted urine oxalate f(per 0.1 mmol/ 21 17 1.03 0.99 1.08 0.1
1.73 m2/24 h) ' ' ' '
Male, n(%) 14 11 1.34 0.39 4.64 0.6
Age at PH dx (per 10 years) 14 11 1.06 0.75 1.49 0.7
Stage 4 (€GFR<30) 8iefgigt)ence b/t Symptom Onset and PH dx 13 11 0.99 0.94 104 08
Age at 1% entry into CKD stage (per 14 11 116 0.86 157 03

decade)
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1.73 m2/24 h)

Patients Events Lower Upper
Patient characteristic (N) (N) HR 95% ClI 95% ClI P
fn(fjr'fﬂf]t/f;g”r:%’)i”to CKD stage (per 10 14 1 0.75 021 2.73 0.7
Nephrocalcinosis, n(%) 14 11 5.30 1.07 26.28 0.04
Plasma oxalate 7 (per 1 pmol/L) 8 6 1.062 0.95 1.09 0.6
BSA adjusted urine oxalate 7(per 0.1 mmol/ 1 9 1.03 0.96 1.12 0.4

Models are fit separately for different CKD stages.

fLab values at baseline were defined as occurring between 1 year prior to and up to 1 week after entry into CKD

P-values in bold denote statistical significance at the 0.05 alpha level.
N=number of patients or number of events.

Results were calculated using cox proportional hazards regression.
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