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ABSTRACT

Background. Previous studies in patients on haemodialysis (HD) have shown an association of fibroblast growth factor 23
(FGF23) with all-cause mortality. As of yet, the result of FGF23 lowering on mortality is unknown in this population.

Methods. FGF23 was measured in a subset of 404 patients from the Dutch CONvective TRansport STudy (CONTRAST study) [a
randomized trial in prevalent dialysis patients comparing HD and haemodiafiltration (HDF) with clinical outcome] at
baseline and Months 6 and 12. A substantial decline of FGF23 change over time was anticipated in patients randomized to
HDF since HDF induces higher dialytic clearance of FGF23. The associations of both baseline FGF23 and 6-months change in
FGF23 with all-cause mortality were analysed. In addition, the difference in FGF23 change between HD and HDF was
explored. Furthermore, the role of dialysis modality in the association between FGF23 change and outcome was analysed.

Results. No association was observed between quartiles of baseline FGF23 and all-cause mortality. Over 6 months, FGF23
declined in patients on HDF, whereas FGF23 remained stable in patients on HD. A decrease in FGF23 was not associated with
improved survival compared with a stable FGF23 concentration. However, increasing FGF23 was associated with a significantly
higher mortality risk, both in crude and fully adjusted models [hazard ratio 2.01 (95% confidence interval 1.30-3.09)].

Conclusion. Whereas no association between a single value of FGF23 and all-cause mortality was found, increasing FGF23
concentrations did identify patients at risk for mortality. Since lowering FGF23 did not improve outcome, this study found
no argument for therapeutically lowering FGF23.
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INTRODUCTION

Mortality rates in patients treated with haemodialysis (HD) remain
unacceptably high despite contemporary medication and modern
dialysis equipment. Besides classical risk factors for cardiovascu-
lar disease (CVD), such as smoking, diabetes and hypertension,
non-classical risk factors such as fluid overload and chronic kid-
ney disease-associated mineral bone disease (CKD-MBD) contrib-
ute to this high mortality risk [1-3]. However, intervention studies
targeting these CKD-MBD components generally failed to show a
beneficial effect on CVD morbidity and mortality [4-8]. More re-
cently, fibroblast growth factor 23 (FGF23) has emerged as a key
player in MBD pathophysiology. FGF23 is a bone-derived hormone
maintaining phosphate balance by enhancing its renal excretion
[9-11]. During the course of CKD, FGF23 values rise, reaching the
highest levels in end-stage renal disease (ESRD) patients on dialy-
sis [12]. Although this physiological adaptation is crucial for main-
taining phosphate balance in early CKD, prolonged exposure in
advanced CKD may have deleterious effects [13-15]. Several obser-
vational studies have shown an independent association between
increased FGF23 levels and mortality through all stages of CKD, in-
cluding dialysis [16-19]. However, it is debated whether interven-
tions that lower FGF23 levels lower mortality risk. Previous studies
in patients on HD have been performed in incident dialysis
patients and lack longitudinal FGF23 measurements or have ob-
served the natural history of FGF23 evolution over time [20, 21]. In
the current study we explored the association between the change
in FGF23 over time and all-cause mortality in a cohort of patients
treated with either low-flux HD or haemodiafiltration (HDF) [22].
This is of interest, as convective transport has been shown to ef-
fectively lower FGF23 [23-25].

MATERIALS AND METHODS
Study design and patient population

For the present study, data from the CONTRAST study
(ClinicalTrials.gov NCT00205556) were used. CONTRAST was a
randomized controlled clinical trial evaluating the effect of online
post-dilution HDF versus low-flux HD on mortality and cardiovas-
cular outcomes. The methods of the CONTRAST study have been
described elsewhere [22, 26]. In short, data were collected in 29 di-
alysis centres in The Netherlands, Canada and Norway between
2004 and 2010. Adult patients with ESRD on HD two or three
times weekly for at least 2months were eligible for inclusion.
Exclusion criteria were treatment with HDF or high-flux HD in
the 6months prior to randomization, an expected lifespan
>3 months, severe non-compliance to dialysis treatment or par-
ticipation in another clinical intervention trial. CONTRAST was
conducted in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines and was approved by central
and all local medical ethics review boards. Before enrolment,
written informed consent was obtained from all participants [26].
Of the original 714 patients enrolled in CONTRAST, stored
plasma samples from baseline were available in 404 patients for
measurement of FGF23. Those samples originated from 17 of
the 29 participating centres in the CONTRAST study, of which it
was logistically feasible to collect and store extra plasma sam-
ples at —80°C [27]. Of these, plasma samples were available at
Month 6 in 341 patients and at 12 months in 291 patients.

Data collection

At baseline, data on demographic characteristics, medical his-
tory, medication and duration of dialysis were recorded. Every

3months laboratory values, medication, treatment characteris-
tics and information on clinical events were obtained. Blood
samples were drawn at the beginning of dialysis. The mean de-
livered convection volume (substitution volume plus net ultra-
filtration) in HDF was estimated with the following formula:
mean delivered convection volume = (HDF treatments/total
number of treatments) x mean convection volumes of the three
treatments preceding the quarterly visit [22].

Laboratory measurements

All routine laboratory measurements were analysed locally by
the participating hospitals using standard laboratory techni-
ques. From the stored samples at —80°C the C-terminal FGF23
was measured using a sandwich enzyme-linked immunosor-
bent assay (ELISA) (Immutopics, San Clemente, CA, USA). The
intra- and interassay coefficient of variation of this assay are
<5% and <16%, respectively [28]. If values were >16 000 RU/mL,
then additional dilution was performed in order to optimize the
validity of the test results.

Statistical analysis

Baseline characteristics were presented as proportions, means
with their corresponding standard deviations or as medians
with interquartile ranges (IQRs) when data had a skewed
distribution.

For all mortality analyses, an intention-to-treat approach was
applied. Follow-up for survival was complete, as patients who
discontinued the randomized treatment (e.g. due to renal
transplantation, a switch to peritoneal dialysis or moving to a non-
participating centre) were still followed for cause-specific mortality
until the end of the study. Since transplantation during follow-up
is a competing treatment affecting mortality, all models were
adjusted for transplantation by adding transplantation as a time-
varying covariate, as recently suggested [29]. Adjusted models
were corrected for age, diabetes, history of CVD, dialysis vintage,
residual kidney function and serum phosphate concentration.

First, the relation between quartiles of baseline FGF23 con-
centration and all-cause mortality was analysed using Cox pro-
portional hazard models.

Second, we explored the possible difference in the rate of
change of FGF23 in HDF compared with HD using generalized lin-
ear mixed models with an interaction term between treatment
modality and time. When appropriate, stratified models were fit-
ted. For these analyses, models with a random slope, random in-
tercept or both were used depending on the lowest Akaike
information criterion. Change in FGF23 concentrations in 6-
months time were calculated as absolute and relative change.

In a supplemental analysis, we investigated whether the
relative change in FGF23 over 6 months was different for differ-
ent tertiles of the mean reached convention volume. For this, a
P-value for trend was calculated. Convective volume for the HD
group was set to zero, assuming differences in net ultrafiltration
between study arms did not differ.

Third, the association between the change in FGF23 concen-
trations over 6 months and all-cause mortality was analysed.
An interaction term was used to evaluate if the 6-months
change in FGF23 differed between HD and HDF in a Cox regres-
sion model. Since no interaction was found, we continued with
the pooled cohort. Patients were categorized into tertiles with
either declining, relatively stable or increasing FGF23 concentra-
tions as determined by the absolute difference between FGF23
concentration from baseline to Month 6. Stable FGF23
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Table 1. Baseline characteristics
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Baseline characteristics Contrast population FGF23 cohort FGF23 cohort-HD FGF23 cohort-HDF
n 714 404 202 202
Demographic characteristics
Age (years) 64.1 = 13.7 63.5 * 13.9 63.1 = 13.6 63.9 * 14.1
Gender (female), % 37.7 38.1 35.1 41.1
Race (Caucasian), % 84 82 81 84
Body mass index (kg/m?) 254+ 48 250 + 4.8 252+47 24.7 + 4.86
Medical history
Diabetes, % 25 21 20 23.
Current smoking, % 19 20 20 10
Prior CVD, % 56 43 43 43
Prior kidney transplantation, % 11 10 15 6
Dialysis vintage® (years), median (IQR) 2.0 (1.0-4.0) 1.8 (0.9-3.3) 2(1.0-3.7) 1.7 (0.9-3.0)
Dialysis characteristics
K/V 1.40 £ 0.22 138 £0.21 1.36 £ 0.17 1.40 = 0.24
Average dialysis time (hours) 3.77 =0.38 3.78 = 0.39 3.78 = 0.38 3.78 = 0.40
Residual kidney function,” % 52.7 56.4 54 58.9
If yes, 24-h urine (mL/24 h), median (IQR) 700 (350-1150) 700 (324-1110) 625 (352-1100) 750 (275-1150)
If yes, eGFR® (mL/min/1.73 m?), median (IQR) 1(0-3) 1(0-3) 0 (0-3) 1(0-4)
Laboratory values
Haemoglobin (mmol/L) 73+0.8 7.4+0.8 73+07 7.4+038
Creatinine (umol/L) 860.8 = 255.5 866.5 = 251.9 897.5 £ 257.7 835.4 £ 242.6
Serum albumin (g/L) 404+ 3.8 40.0 £ 4.1 40.1 = 4.26 40.0 £ 6.9
Calcium (mmol/L) 2.31+0.18 2.31+0.17 2.31+0.17 2.32+0.18
Phosphate (mmol/L) 1.64 = 0.49 1.66 = 0.52 1.64 = 0.47 1.69 = 0.56

PTH (pmol/L), median (IQR)

20.5 (10.5-35.2)

21.0 (11.0-36.0)

21.5 (11-37.9)

20.4 (10.6-35.0)

FGF23 (RU/mL), median (IQR)
Medication prescription, %

Active vitamin D 66.9
Calcium-containing phosphate binder 414
Non-calcium-containing phosphate binder 66.8
RAS inhibitors 49.4
B-blockers 53.7
Statins 52.0

4384 (1829-12 210)

4384 (1829-12 210) 4983 (1815-12 265) 3691 (1826-12 293)

70.0 74.1 65.8
49.6 50.2 49.6
69.8 72.8 66.8
53.5 53.5 53.5
56.2 59.4 53
51.2 47.5 55

Data are presented as mean * SD unless stated otherwise.
@Dialysis vintage is the sum of time on HD and/or PD.
PResidual kidney function defined as diuresis >100mL/24 h.

“Estimated glomerular filtration rate as the mean of urea and creatinine clearance in 24-h urine collection.

RAS, renin-angiotensin system; PTH, parathyroid hormone; PD, peritoneal dialysis.

concentrations were set as the reference and defined by the
mid-tertile range. Both crude and adjusted models were fitted
with identical confounders as described above. In addition,
baseline FGF23 was added in a model. Lastly, treatment modal-
ity was added to the model in a final Cox regression model.

Hazard ratios (HRs) are reported with 95% confidence inter-
vals (CIs). All P-values are two-sided and considered statistically
significant if <0.05.

Sensitivity analysis

In a sensitivity analysis, crude and adjusted Cox regression mod-
els were fitted for baseline FGF23 quartiles using an ‘on treat-
ment’ approach. In addition, a Cox regression model with time-
varying covariate analysis was performed at baseline and at
12 months with the quartiles of baseline FGF23 concentrations.

RESULTS
Baseline characteristics

Baseline characteristics for the entire CONTRAST cohort and
the subgroup of 404 patients with FGF23 measurements are

shown in Table 1. In the FGF23 cohort, the mean age was
63.5 + 13.9years, 38.1% were female and 43.1% had a history of
CVD. No calcimimetics were used. The median FGF23 was
4384 RU/mL (IQR 1829-12 210). No remarkable differences were
observed between patients randomized to HD or HDF at base-
line, including baseline FGF23 (P for difference 0.54).

Baseline FGF23 and risk for all-cause mortality

The median follow-up of 404 patients in the FGF23 cohort was
3.0years (IQR 1.5-4.4). In total, 156 patients died during follow-
up. The results of the survival analyses are shown in Table 2.
The HR for all-cause mortality did not differ between quartiles
of baseline FGF23, both in the crude and the adjusted models.
The sensitivity analyses (on-treatment analysis and time-
varying covariate analysis) yielded similar results
(Supplementary data, Tables S1 and S2).

FGF23 over time: impact of HDF

The rate of change of FGF23 was statistically significantly differ-
ent between HD and HDF (P for interaction <0.001) (Figure 1). In
patients on HDF, FGF23 decline was 432 RU/mL/month (95% CI -
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Table 2. HRs of baseline quartiles of FGF23 for all-cause mortality

Quartile FGF23 values Crude HR (95% CI) Model 1 HR (95% CI)® Model 2 HR (95% CI)°
1 Lowest to 1829 Ref Ref Ref

2 1829-4383 1.20 (0.79-1.83) 1.16 (0.76-1.76) 1.08 (0.69-1.70)

3 4384-12 209 0.94 (0.60-1.45) 1.10 (0.71-1.71) 1.12 (0.68-1.83)

4 12 210 to highest 0.72 (0.45-1.16) 1.05 (0.65-1.70) 1.08 (0.62-1.88)

Cox regression, intention to treat analysis. Results are shown as HRs with 95% ClIs. All models are adjusted for transplantation by adding transplantation as a time-

varying covariate.
"Model 1 =adjusted for age.

"Model 2 =Model 1 plus adjustment for sex, diabetes, history of CVD, dialysis vintage, residual kidney function and phosphate.

Table 3. HRs for all-cause mortality of tertiles of FGF23 change during 6 months

Decreasing FGF23 (n=114) Increasing FGF23 (n=114)

Tertiles Stable FGF23 (n=115)

Median change of FGF23? —275 (—825-33)
Ref.

Crude Ref.

Model 1° Ref.

Model 2° Ref.

Model 3¢ Ref.

—4972 (~14 418 to —2582)
HR (95% CI)

0.96 (0.61-1.50) 1.56 (1.03 - 2.35%

1.26 (0.79-2.01) 2.01 (1.32 - 3.07%)

1.25 (0.78-2.02) 2.01 (1.32 - 3.07%)

( ) ( )

3339 (1226-7310)
HR (95% CI)

1.25(0.78-2.02 2.00 (1.30 - 3.09*

Results are shown as HRs with 95% CIs. All models are adjusted for transplantation by adding transplantation as a time-varying covariate.

“Depicted are median change of FGF23 concentrations (RU/mL) in 6 months with IQR.

PModel 1=adjusted for age, sex, diabetes, history of CVD, dialysis vintage, residual kidney function and phosphate.

“Model 2 =Model 1 plus adjustment for baseline FGF23 concentration.
dModel 3 =Model 2 plus adjustment for dialysis modality.

Asterisks indicate a statistically significant difference in hazard at the level of P <0.05.

663 to —201; P <0.001), while FGF23 concentrations in patients
on HD did not change [103 RU/mL/month (95% CI —83-290); P =
0.276]. Additional analysis on convection volume showed a pos-
itive relation between the decline in FGF23 and convection vol-
ume (P for trend 0.02, as shown in Supplementary data, Figure
s1).

Change in FGF23 concentrations and risk of all-cause
mortality

The 341 patients for whom measurements of both baseline and
Month 6 were available were divided into tertiles of change in
FGF23. Table 3 demonstrates HRs for all-cause mortality for the
tertiles of FGF23 change. Figure 2 shows the survival curve of
tertiles of FGF23 change in 6-months time. Decreasing FGF23
was not associated with all-cause mortality [HR 0.96 (95% CI
0.61-1.50)], whereas increasing FGF23 was associated with an
increased mortality risk [HR 1.56 (95% CI 1.03-2.35); P = 0.03].
Adjusted analyses yielded similar results [HR 2.01 (95% CI 1.32-
3.07); P = 0.001].

HDF induced reduction of FGF23 and its association with
all-cause mortality

Adding dialysis modality to the model (Table 3, Model 3) to ex-
plore the potential treatment-related reduction of mortality risk
did not change the HRs for all-cause mortality [HR 2.01 (95% CI
1.30-3.09); P = 0.002]. Furthermore, no significant interaction
was found between treatment modality and FGF23 change (P =
0.11), indicating that the relation between FGF23 decrease or in-
crease is not different between HD and HDF.

DISCUSSION

In this study we found no association between baseline FGF23
concentration and all-cause mortality among prevalent dialysis
patients. Next, we confirmed that HDF is capable of substan-
tially reducing plasma FGF23 concentrations. Most remarkable,
we found that only increasing FGF23 concentrations over
6 months were associated with an increased all-cause mortality
risk, while decreasing FGF23 concentrations did not associate
with mortality, both compared with rather stable FGF23 concen-
trations. Treatment modality did not modify these risks.

The absence of an association between a single FGF23 mea-
surement and mortality risk is in contrast with some previous
findings that showed FGF23 in patients on HD is independently
associated with all-cause mortality [18, 30]. However, those
studies were performed among incident HD patients or patients
initiating dialysis, compared with the prevalent HD patients in
our study. In turn, the results of a recent analysis of the large
Japanese Dialysis Outcomes and Practice Patterns Study cohort
were in line with our findings. This study found no association
between FGF23 and all-cause mortality in the adjusted model of
patients with a dialysis vintage >3.5years [31]. In our study, the
median dialysis vintage was 1.8 (IQR 0.9-3.3) years. In addition,
two other studies in prevalent HD patients found no association
of baseline FGF23 with all-cause mortality [32, 33]. Moreover,
this absence of an association between FGF23 and all-cause
mortality was recently confirmed in patients treated by either
HD or peritoneal dialysis [34]. Collectively, these data, together
with our current analysis, suggest that the association between
a single value of FGF23 and long-term outcome may disappear
with dialysis duration. These observations may be explained by
survival bias; those patients surviving on dialysis may be less
susceptible to detrimental effects of FGF23 (assuming direct
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FIGURE 1: Course of FGF23 concentrations over time in patients on hemodialysis
and hemodiafiltration. FGF23 concentrations are depicted as medians and corre-
sponding 95% Cls at baseline, 6 and 12 months.
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FIGURE 2: Survival curve of tertiles of FGF23 change in 6-months time. Kaplan-
Meier: log rank P = 0.015 (indicates a difference between three groups)

causality) or the processes causing FGF23 to rise. However, two
other studies in prevalent HD patients demonstrated an associ-
ation between FGF23 and all-cause mortality [19, 35]. In the
study by Nowak et al. [35], among 239 patients, the average dial-
ysis vintage was 59 months and the mean FGF23 concentration

FGF23 change-associated mortality, impact of HDF | 895

was 883RU/mL, which is exceptionally low, thereby possibly
limiting the external validity of that finding. In comparison, in
our current study, median baseline FGF23 was 4384 RU/mL. In
the study by Jean et al. [19], a relatively small single-centre
study, phosphate control was exceptionally good (in part due to
5- to 8-h dialysis sessions). These findings complicate the inter-
pretation of the divergent effects of FGF23.

In general, FGF23 declined in patients treated with HDF
while FGF23 in most patients on HD remained stable. Although
this difference between HD and HDF was not adjusted for
change in the use of phosphate binders, it was previously dem-
onstrated in this cohort that patients on HDF used slightly less
phosphate binders. Thus, if any, the absence of data on phos-
phate binders in the present analysis induces a bias towards
zero [36]. FGF23 reduction in HDF is most likely explained by its
middle-molecule size (32kDa), which can be cleared by HDF and
not by low-flux HD [37]. Previous studies showed a reduction ra-
tio of serum FGF23 within a single HDF session of around 50%
(£25%), with FGF23 present in dialysate samples [23-25]. Our
study is the first study to show that FGF23 in patients on HDF
decline over time and that this reduction increases with higher
convection volume.

The primary finding from our study was the association of
increasing FGF23 concentration in 6 months with all-cause mor-
tality as compared with stable FGF23, while a decline and stable
FGF23 did not differ in terms of mortality risk. These findings
were unaltered after adjustment for all relevant confounders.
The increased mortality risk of increasing FGF23 is in line with a
recent report from the Chronic Renal Insufficiency Cohort, a
large population of nearly 4000 patients with CKD Stages 2—4
[20], and extends these findings to patients with CKD 5D.

In turn, we did not find that a decline of FGF23 was associ-
ated with improved survival. This finding seems to contradict a
post hoc analysis of the Evaluation of Cinacalcet HCl Therapy to
Lower Cardiovascular Events trial. Here, a >30% reduction of
FGF23 in 20weeks among participants allocated to cinacalcet
was associated with a reduced risk on the composite outcome
of cardiovascular mortality, sudden cardiac death and heart
failure [38]. However, in the placebo-treated group, there were
also (yet fewer) patients with >30% FGF23 reduction in whom
no association with cardiovascular events was found. This sug-
gests that not the decline of FGF23 itself, but the way it was
achieved, determined the incidence of the composite endpoint.
In addition, another study examining trajectories of FGF23 in
HD patients found no benefit for patients with decreasing levels
compared with the group with high stable levels of FGF23 [21].

Since our study showed that FGF23 concentrations can be
lowered with HDF, while increasing FGF23 concentrations asso-
ciated with increased mortality, it is tempting to speculate that
HDF may prevent this from happening. However, a decline of
FGF23 did not confer improved mortality risk, as outlined above,
and the addition of dialysis modality to the model did not alter
the elevated mortality risk associated with increasing FGF23
concentrations. In addition, the change of FGF23 in relation to
all-cause mortality was not different between HD and HDF. The
latter finding suggests that the effect of FGF23 change on mor-
tality is not affected by dialysis modality. This finding resem-
bles previous observations of B,-microglobulin during HDF, a
protein of comparable molecular weight to FGF23 and of similar
kinetics. Despite its association with cardiovascular outcome,
the superior reduction of B,-microglobulin by HDF as compared
with low-flux HD did not associate with a survival benefit [39,
40].
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So despite the substantial variability of FGF23 in our study, a
dose-response association between the change in FGF23 and
mortality was absent. Only patients with an increase of FGF23
were at risk, suggesting that FGF23 is more likely a tell-tale sign
of a high-risk phenotype instead of a direct uraemic toxin,
which is in line with the conclusion of a recent meta-analysis of
studies that addressed the association of FGF23 and mortality
and other endpoints [41].

The present study has several limitations: our analysis of
FGF23 change in 6 months was necessarily limited to patients
who had survived these six additional months. We evaluated
the course of FGF23 concentrations in 6 months because we an-
ticipated the largest effect of dialysis modality on FGF23 levels
in this short time window, with limited additional diverging
effects after this time point. However, a longer time window
might have induced an even more substantial decline of FGF23.
In addition, the high FGF23 concentrations in our study may
simply be too high to induce a beneficial treatment effect on
mortality, even with moderate lowering. A possible beneficial
effect of lowering of FGF23 might also be masked by exposure to
stronger competing risks. This would explain the discrepancy
with the study by Isakova et al. [20] in CKD Stages 2-4, in which
the median FGF23 was much lower when compared with our
study. Another limitation is that this study was performed in
countries with a mainly Caucasian population, which may re-
duce the applicability of our conclusions to other populations.
However, no important interaction between FGF23 and race has
been demonstrated in previous studies. Lastly, since this is a
post hoc analysis, we cannot rule out the possibility that titrating
treatments on change in FGF23 concentration may yield differ-
ent results, and residual confounding cannot be excluded.

An important strength of the present study is the use of se-
rial measurements for FGF23 in the survival analyses. In addi-
tion, we performed separate sample handling for the higher
FGF23 concentrations, since ELISA loses precision in the ex-
treme values. Furthermore, we performed several sensitivity
analyses to increase the validity of our findings and competing
risk by renal transplantation was taken into account by a time-
varying analysis. Another merit of the study is the strongly di-
verging FGF23 concentrations in this population. HDF has been
shown to be an efficacious manner to lower FGF23 in patients
on dialysis, which created the unique opportunity to study the
impact of a substantial decline of FGF23 on outcome.
Furthermore, this study was performed in a well-defined cohort
of patients on HD and HDF, in which the data were collected
meticulously and follow-up for mortality was complete.

In conclusion, in prevalent dialysis-dependent patients,
thenbaseline FGF23 value is not associated with all-cause mor-
tality, suggesting that the association between FGF23 and long-
term outcome may disappear with dialysis duration.
Furthermore, decreasing FGF23 concentrations over time are
not associated with a lower mortality risk. This observation
argues against a benefit of interventions that lower FGF23 in
prevalent patients on HD. Finally, since increasing FGF23 does
associate with increased risk for all-cause mortality, serial
FGF23 measurements could identify dialysis-dependent
patients at highest risk.
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