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ABSTRACT

Background. During the follow-up in a randomized controlled
trial (RCT), participants may receive additional (non-randomly
allocated) treatment that affects the outcome. Typically such
additional treatment is not taken into account in evaluation of
the results. Two pivotal trials of the effects of hemodiafiltration
(HDF) versus hemodialysis (HD) on mortality in patients with
end-stage renal disease reported differing results. We set out to
evaluate to what extent methods to take other treatments (i.e.
renal transplantation) into account may explain the difference
in findings between RCTs. This is illustrated using a clinical
example of two RCTs estimating the effect of HDF versus HD
on mortality.

Methods. Using individual patient data from the Estudio de
Supervivencia de Hemodiafiltracion On-Line (ESHOL; n = 902)
and The Dutch CONvective TRAnsport STudy (CONTRAST;
n=714) trials, five methods for estimating the effect of HDF

versus HD on all-cause mortality were compared: intention-to-
treat (ITT) analysis (ie. not taking renal transplantation into
account), per protocol exclusion (PP..; exclusion of patients
who receive transplantation), PP..,s (censoring patients at the
time of transplantation), transplantation-adjusted (TA) analysis
and an extension of the TA analysis (TA.) with additional
adjustment for variables related to both the risk of receiving a
transplant and the risk of an outcome (transplantation-outcome
confounders). Cox proportional hazards models were applied.

Results. Unadjusted ITT analysis of all-cause mortality led to dif-
fering results between CONTRAST and ESHOL: hazard ratio
(HR) 0.95 (95% CI 0.75-1.20) and HR 0.76 (95% CI 0.59-0.97),
respectively; difference between 5 and 24% risk reductions.
Similar differences between the two trials were observed for
the other unadjusted analytical methods (PP ;s PPexc, TA) The
HRs of HDF versus HD treatment became more similar after
adding transplantation as a time-varying covariate and including
transplantation-outcome confounders: HR 0.89 (95% CI 0.69-
1.13) in CONTRAST and HR 0.80 (95% CI 0.62-1.02) in ESHOL.



Conclusions. The apparent differences in estimated treatment
effects between two dialysis trials were to a large extent attribut-
able to differences in applied methodology for taking renal
transplantation into account in their final analyses. Our results
exemplify the necessity of careful consideration of the treatment
effect of interest when estimating the therapeutic effect in RCTs
in which participants may receive additional treatments.

Keywords: end-stage renal disease, hemodiafiltration, random-
ized controlled trial, renal transplantation, time-varying exposure

INTRODUCTION

The randomized controlled trial (RCT) is the preferred design to
assess the effects of medical treatments. When patients switch to
the other trial treatment arm, receive additional treatment that is
not randomly allocated or stop their treatment, estimation of
treatment effects may not be straightforward, notably when
treatment switching depends on patient characteristics [1].

In RCT's comparing hemodiafiltration (HDF) with hemodial-
ysis (HD) on the risk of mortality among patients with end-stage
renal disease (ESRD), during follow-up a subset of patients may
receive another (non-randomly allocated) treatment that effec-
tively improves patient outcome. For example, renal transplanta-
tion is highly effective in reducing mortality risk in ESRD
patients and differences in handling renal transplantation during
follow-up in the analysis of a trial may lead to different results
[2]. Two pivotal dialysis trials reported conflicting findings:
results of the Estudio de Supervivencia de Hemodiafiltracién
On-Line (ESHOL) trial indicated improved survival for HDF
compared with HD {all-cause mortality hazard ratio [HR] 0.70
[95% confidence inaterval (CI) 0.53-0.92]}, while results from
The Dutch CONvective TRAnsport STudy (CONTRAST) analy-
sis reported no difference in mortality between treatment groups
[HR 0.95 (95% CI 0.75-1.20] [3, 4]. These differing results may
be explained by a number of differences between the trials.
Notably, in the original ESHOL study, patients were censored at
the time of renal transplantation, so no patient information on
all-cause mortality was collected after renal transplantation [4].
Such loss to follow-up may introduce bias if censoring is associ-
ated with the allocated treatment and the risk of the outcome [1,
5]. Alternatively, in the CONTRAST trial, participants were
followed-up for the primary outcome (i.e. all-cause mortality),
irrespective of a renal transplant and the effects of the dialysis
treatments were estimated based on an intention-to-treat (ITT)
analysis (and ignoring transplantation) [3]. Furthermore, none
of the trial analyses took renal transplantation into account.

Post-randomization renal transplantation may induce differ-
ences in patient characteristics between treatment groups in
dialysis trials since the probability of receiving a renal transplant
may not only depend on patient characteristics, but also on the
randomly allocated treatment a patient receives (here, on the
dialysis modality). For example, patients treated with HDF may
more often receive a renal transplant compared with patients
treated with HD. As a result, in dialysis trials, the probability of
receiving a transplant may differ between treatment arms.
Therefore, restricting the analysis to those who did not undergo

a renal transplant (e.g. in a per protocol analysis) may result in
incomparable treatment groups. As an example, assume that
20% of HDF-treated patients receive a renal transplant com-
pared with 10% of HD-treated patients and that transplant is
more likely in younger patients. Due to the randomization pro-
cedure, the age distribution at baseline of patients receiving
HDF or HD is comparable. However, restricting the analysis to
those patients who did not undergo a renal transplant leads to
excluding a larger proportion (20%) of patients (who are, on
average, younger) in the HDF treatment group compared with
the 10% of patients in the HD treatment group. The remaining
patients in the HDF treatment group are, on average, older than
the patients in the HD treatment group, a situation referred to
as confounding, because age is now associated with treatment as
well as the outcome (here, survival).

In other words, if treatment increases the probability of
receiving a renal transplant and risk factors for the outcome
(mortality) are also related to receiving a renal transplant,
restricting the data analysis to those patients who did not
receive a transplant (or similarly, adjusting for transplantation)
may distort the balance between treatment groups achieved by
randomization (see Figure 1). If the selection of patients for the
analysis (e.g. non-transplanted patients) differs between treat-
ment groups (i.e. if patients in one of the two comparison
groups are more likely to receive transplantation), the effect esti-
mate will be biased [6]. However, when the assigned treatment
is not related to the competing treatment (renal transplanta-
tion), but the competing treatment does affect the absolute risk
of the outcome (survival), generally the relative risk will be cor-
rect, although the precision of the estimate is reduced (i.e. larger
CIs). A priori we did not know whether transplantation rates
would differ between treatment arms. However, since trans-
plantation is a very effective competing treatment, we expected
that even slight differences (e.g. due to chance) could influence
results.

When the mechanism of allocating transplant kidneys differs
between studies, this may contribute to differences in effect esti-
mates between studies, depending on the applied method of
analysis. To study the value of taking competing risks into
account when evaluating therapy effect, we set out to determine
to what extent approaches that take competing risks (i.e., renal
transplantation) into account may explain the conflicting find-
ings between these two trials.

MATERIALS AND METHODS

Data design and study population

Individual patient data from the CONTRAST and ESHOL
studies were used for the current study. Detailed descriptions of
the study designs, patient characteristics and treatment proce-
dures of each of the studies have been reported elsewhere [3, 4,
7, 8]. In the ESHOL study, patients who received a renal trans-
plant had been censored alive in the previously published analy-
ses, an approach potentially leading to bias. The ESHOL dataset
was completed by adding follow-up data on all-cause mortality
for those patients who had discontinued randomized treatment
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FIGURE 1: Causal diagram of renal transplantation in RCTs of dialysis modalities. When treatment is related to receiving a transplant and
patient characteristics (transplantation—outcome confounders) are related to both transplantation as well as experiencing the outcome, selection
bias arises when only patients who did not receive a transplant are selected for analysis (or similarly, when we condition on or adjust for trans-
plantation). Since patient characteristics for patients receiving a transplant are different from those who do not receive a transplant and a differ-
ent proportion of patients in each treatment group receives a transplantation, the remaining treatment groups are no longer comparable on
these transplantation—-outcome confounders. The induced bias is a result of selection of patients for analysis (i.e. non-transplanted patients),
which is different between treatment groups (i.e. patients in the treatment group are more likely to receive transplantation), and is therefore
called selection bias. Depending on the method of analysis, this may bias the estimated treatment effect.

(received a renal transplant), as described previously [7, 9]. The
ESHOL study included 906 patients; 456 were randomized to
receive HDF and 450 to HD. The median follow-up time was 3
years (range 0.01-3.08) [4]. The CONTRAST study included
714 patients; 358 received HDF and 356 were allocated to HD.
The median follow-up time was 2.90 years (range 0.04-6.56)
[3]. Due to missing outcome and time of transplantation data,
four patients were excluded from the current analysis of the
ESHOL dataset.

Given a large sample size, randomization is expected to cre-
ate treatment groups that are on average comparable with
respect to patient characteristics, that is, treatment is independ-
ent of patient characteristics. Receiving a renal transplant, how-
ever, may be dependent on patient characteristics. For example,
younger patients with less comorbidity are more likely to
receive a renal transplant. These patient characteristics are also
predictive of the outcome (all-cause mortality). Since these
patient characteristics are related to both transplantation and
the outcome, we will refer to them as confounders of the trans-
plantation—outcome relation (see Figure 1).

While randomization is expected to achieve equal distribu-
tions of patient characteristics between treatment arms, in real-
ity differences in patient characteristics may actually be present.
Adjustment for variables related to the outcome will remove
any remaining confounding by observed variables and tends to
improve power in all mentioned methods of analysis [10].

Methods to analyse dialysis trials in the presence of
renal transplantation

We compared five methods to handle renal transplantation
in dialysis trials. These methods are described in more detail
below and summarized in Table 1.

ITT analysis. In ITT analysis, patients are analysed accord-
ing to the treatment group they are allocated to. This analysis
ignores the fact that a subgroup of patients received a renal
transplantation and stopped the allocated treatment. We are
not taking into account other forms of treatment switching (e.g.
from HD to HDF or the other way around). Since the equal

distributions of patient characteristics (including those also
associated with the outcome) between treatment groups
obtained by randomization remains intact, ITT analysis allows
for unbiased effect estimation. The ITT estimate is interpreted
as the effect of the treatment ‘strategy’, implying that renal
transplantation during the follow-up period of the trial is an
inherent part of the treatment strategy. In other words, results
from the current study will not be applicable to a future popula-
tion in which the proportion of patients receiving a renal trans-
plant and/or the patient characteristics of those receiving a
transplant (i.e. the ‘strategies’) differ from those in the current
trial. ITT effects are sometimes called pragmatic or ‘total effects’,
since the ITT estimate includes the effect treatment has through
changing the probability of receiving additional interventions
(including a renal transplant) after the treatment has been
initiated.

Per protocol (PP) exclusion analysis.  Similar to ITT analy-
sis, in PP analysis, patients are analysed according to the treat-
ment group they were allocated to. However, in per protocol
exclusion (PP..) analysis, those subjects who stop receiving
their allocated treatment after receiving a renal transplant are
excluded from the analysis. The PP estimate is interpreted as
the effect of treatment in the subset of patients that complete
the trial according to the protocol (here, non-transplanted
patients). Besides the fact that renal transplantation improves
survival, patients receiving renal transplantation have a different
prognosis (e.g. these patients are on average younger) compared
with patients who remain on treatment, therefore PP analyses
are biased in case transplantation occurs more often in one of
the treatment groups [1, 11]. However, when these prognostic
differences (i.e. confounders of the transplantation—outcome
relation) are adjusted for, the estimated treatment effect should
be unbiased, provided no other sources of bias exist [1].

PP censoring analysis. In a per protocol censoring (PP eps)
analysis, patients receiving a renal transplant are not excluded
from the analysis (as in the PP, analysis), but are censored
(i.e. considered excluded without developing the outcome) at



Table 1. Methods to deal with transplantation during follow-up (competing treatment) in randomized trials of haemodialysis

Description

Interpretation of effect estimate

Potential for bias

Intention-to-treat (ITT)

Per protocol exclusion
(P Pexcl)

Per protocol censored
(PPCCHS)

Accounting for trans-
plant as time-dependent

Data from all patients is used. Treatment
status is analysed as allocated.
Transplantation is ignored in the analysis

Exclude patients who receive transplan-
tation from the analysis

Censor patients who receive transplanta-
tion at transplantation (follow-up infor-
mation after transplantation is
discarded)

Transplantation is added to the outcome
model as a time-dependent covariate

The effect of treatment in settings with
rates and allocation mechanisms of
transplantation similar to the current
trial

The effect of treatment in the group that
completes the trial according to protocol
(i.e. patients who do not receive trans-
plantation); in other words, the effect of
treatment in non-transplanted patients

See per protocol exclusion. Difference is
that we gain the patient time until trans-
plantation for patients receiving trans-
plantation. This may lead to narrower
confidence intervals

The effect of treatment in transplanted
and non-transplanted patients

Unbiased when randomization is
successful

This effect is biased when both treat-
ment affects the probability to receive
transplant and transplantation—
outcome confounders are present.
Bias can be avoided by adjusting for
transplantation-outcome
confounders

See per protocol exclusion

This effect is biased when treatment
affects the probability to receive trans-

covariate (TA)

Accounting for
transplant as time-
dependent covariate
and adjustment for
transplantation—
outcome confounders
(TAex)

Transplantation is added to the outcome
model as a time-dependent covariate.
Additionally, confounders of the trans-
plantation—outcome relationship are
included in the model for the outcome

The effect of treatment in transplanted
and non-transplanted patients

plant and there are transplantation—
outcome confounders. Bias can be
avoided by adjusting for
transplantation-outcome
confounders

This effect is biased when important
transplantation—outcome confounders
are unmeasured or unknown and
therefore cannot be adjusted for

In RCTs comparing HDF with HD on the risk of mortality among patients with ESRD, during follow-up a subset of patients may receive a non-randomly allocated competing treatment

(i.e. a renal transplantation) that effectively improves patient outcome.

the time they receive the transplant. Similar to PPeyq, PPeens
analyses are biased in case transplantation occurs more often in
one of the treatment groups, and the reasons for this are associ-
ated with the outcome. However, the bias is less pronounced
compared with PP, since patient time until transplantation is
still accounted for in the analysis. Again, adjustment for con-
founding leads to an unbiased effect estimate, provided no other
sources of bias exist.

Including transplantation in the outcome model,
transplantation-adjusted (TA) analysis. Treatment effects
obtained by ITT and PP may be of limited generalizability.
Specifically, PP effects are only applicable to patients who do
not receive transplantation, and ITT effects are only generaliz-
able to populations with a comparable percentage and alloca-
tion mechanism of transplantation. Therefore it may be of
interest to estimate the ‘controlled direct effect’ of treatment,
which is the effect of treatment (i.e. dialysis) excluding the effect
treatment has through changing the probability of receiving a
renal transplant (either by chance or through some causal
known or unknown mechanism) [12]. The controlled direct
effect of treatment assumes the same effect of treatment in
patients receiving transplantation as well as non-transplanted
patients [13]. The controlled direct effect is estimated by includ-
ing transplantation in the outcome model. The TA estimates
can be interpreted as the biological effect of treatment on the

outcome, independent of the effect of treatment on the proba-
bility of a transplant. Transplantation should be modelled as a
time-dependent covariate in the outcome model [14, 15].

TA analysis adjusted for transplantation-outcome
confounders. Since TA effect estimates are conditional on
transplantation, the resulting effect estimates are prone to bias
(as in the PP analysis). Therefore, it is necessary to adjust for
transplantation-outcome confounders in the outcome model.
The extension of the TA analysis (TA.y,) effect may be biased if
important confounders for the relationship between transplan-
tation and the outcome are unmeasured or when observed con-
founders are not assessed correctly. In our analyses we adjusted
for measured confounders, including age, history of cardiovas-
cular disease, serum creatinine, diabetes mellitus, haemoglobin,
albumin, body surface area, months on dialysis and C-reactive
protein.

Statistical analysis. R version 3.0.1 (www.r-project.org) was
used to perform the statistical analyses [16]. Before applying the
five methods of analysis described above, missing data on trans-
plantation—outcome confounders were imputed using multiple
imputation by chained equations using the R package ‘mice’
[17]. Log transformations of months of dialysis and C-reactive
protein were taken to comply with the assumption of normality,
which is necessary for multiple imputation. A total of 10



Table 2. Baseline characteristics of patients in CONTRAST and ESHOL
CONTRAST

All patients
(n=714)

Transplanted
[n =151 (21.1%)]

Overall HD HDF
missing (n=73) (n=78)

values

Male sex, n (%) 0 445 44 44 187
(62.3) (60.3) (56.4) (66.1)
Age, mean (SD) 0 64.1 55.9 51.1 66.1
(13.7) (11.4) (12.8)  (13.1)
History of cardiovascular 0 313 18 13 144
disease, 1 (%) (43.8) (24.7) (19.2) (50.9)
Serum creatinine (mg/dL), 3 9.74 11.15 L1123 9.63
mean (SD) (2.90) (2.62) (2.65) (2.82)
Diabetes mellitus, n (%) 25 177 12 19 71
(24.8) (16.2) (24.4) (25.2)
Hemoglobin (g/dL), mean (SD) 1 11.8 11.8 12 11.7
(125) (0.99)  (1.26)  (1.22)
Albumin (g/dL), mean (SD) 9 4.04 417 4.10 4.03
(0.39) (0.43)  (0.29)  (0.38)
Body surface area (m?), 0 1.85 1.87 1.83 1.87
mean (SD) (0.21)  (0.20) (0.21) (0.20)
Log (months on dialysis), 0 322 342 3.12 3.22
mean (SD) (0.87) (0.83)  (0.81)  (0.88)
Log (C-reactive protein), 309 1.70 1.52 1.43 1.71
mean (SD) (1.06) (1.02)  (1.03)  (L.05)

Non-transplanted
(1 = 563 (78.9%)]

ESHOL

All patients Transplanted -transplanted

[n = 723 (80.2%)]

[n =179 (19.8%)]

Overall HD HDF HD HDF
(n =280) missing (n=78) (n=101) (n=368) (n=355)
values
170 0 602 48 71 237 246
(60.7) (66.7) (61.5) (70.3) (64.4) (69.3)
67.7 0 65.5 52.7 55.5 69.4 67.1
(12.0) (14.3) (13.0) (11.6) (12.8) (14.0)
136 0 298 14 20 140 124
(48.6) (33.0) (18.0) (19.8) (38.0) (34.9)
9.09 33 8.02 8.25 8.90 7.91 7.83
(2.87) (2.38) (2.32) (243) (2.39) (2.33)
75 0 226 13 14 108 90
(26.8) (25.0) (16.7) (13.9) (29.3) (25.4)
11.8 2 12.0 12.1 124 119 119
(1.34) (143) (1.28) (1.37) (1.44) (1.46)
4.00 24 4.09 4.20 4.21 4.03 4.08
(0.40) (043) (0.44)  (0.43) (0.44) (0.42)
1.84 1 1.73 1.73 1.76 1.72 1.74
(0.23) (0.19) (0.18) (0.18) (0.19) (0.19)
3.20 3 3.32 3.01 3.22 3.38 3.36
(0.88) (1.14) (1.00)  (1.18) (1.17) (1.12)
1.82 211 2.09 1.86 1.92 2.13 2.14
(1.12) (092) (093)  (0.91) (0.90) (0.96)

Due to the nature of multiple imputation and rounding of numbers, the separate diabetes mellitus categories do not sum to the overall diabetes mellitus count.

imputed datasets were created for each study. The R package
‘survival’ was used to fit the Cox proportional hazards (PH)
models. Cox PH models were applied. When transplantation
was included in the Cox PH models, it was included as a time-
varying covariate in order to prevent immortal time bias.
Immortal time bias is the result of classifying patient time before
onset of treatment as time on treatment. Because patients have
to survive until they receive the treatment of interest, the mis-
classified time before the start of treatment is called immortal
time and the resulting bias is immortal time bias [14, 15, 18, 19].
Results from the imputed datasets were combined using
Rubin’s rule to obtain HRs and 95% CIs [20], for which the
function MIcombine from the package “mitools” was used.
Log-log and Schoenfeld residual plots were obtained and checks
for PH assumptions were performed.

RESULTS

Baseline characteristics of patients enrolled in the ESHOL and
CONTRAST studies are presented in Table 2. A total of 28 326
observation-months from 902 patients were included in the
analysis of the ESHOL study. The mean age of patients was 65.5
years [standard deviation (SD) 14.3] and 298 (33.0%) had a his-
tory of cardiovascular disease. A total of 179 (19.8%) patients
received a renal transplant during follow-up; 101 (22.2%) HDF
patients were transplanted compared with 78 (17.5%) HD
patients. Missing covariate data were most common for C-reac-
tive protein, which had missing entries for 211 (23.4%) patients.
The CONTRAST study consisted of 26 398 observation-months

from 714 patients. The mean age of patients was 64.1 years (SD
13.7) and 313 (43.8%) had a history of cardiovascular disease.
During follow-up, 151 (21.1%) patients received a renal trans-
plant; 78 (21.8%) HDF versus 73 (20.5%) HD patients were
transplanted. Again, missing covariate data were most prevalent
for C-reactive protein, for which 309 (43.3%) patients had miss-
ing entries.

As expected, in both ESHOL and CONTRAST, baseline
characteristics of patients receiving transplantation during fol-
low-up differed from patients who did not receive a renal trans-
plant (Table 2). In the non-transplanted patient group of the
ESHOL study, treatment groups differed with respect to history
of cardiovascular disease (HD 38.0%, HDF 34.9%) and diabetes
mellitus status (HD 29.3%, HDF 25.4%). In the CONTRAST
study, transplantation—outcome confounders were comparable
in the two treatment groups. For example, the prevalence of a
history of cardiovascular disease (HD 50.9% versus HDF
48.6%) and diabetes mellitus (25.2% HD versus 26.8% HDF)
were similar.

Table 3 shows the effect of HDF treatment compared with
HD treatment on all-cause mortality when applying different
analytical methods in the two studies. In ESHOL, the effect of
HDF versus HD treatment was estimated to be HR 0.76 (95%
CI0.59-0.97) for the unadjusted ITT. In CONTRAST, the effect
of HDF versus HD treatment was estimated to be HR 0.95 (95%
CI 0.75-1.20) for the unadjusted ITT.

Unadjusted PP analysis of the ESHOL study resulted in HR
0.73 (95% CI 0.56-0.94) and HR 0.74 (95% CI, 0.58-0.96) for
censoring (PP..,s) and exclusion (PP..), respectively. In the
CONTRAST study, the unadjusted PP analyses resulted in HR



Table 3. Estimates of the HR of HDF versus HD for all-cause mortality for different methods in two RCTs: ESHOL and CONTRAST

Method

Intention-to-treat (ITT)

Per protocol censored (PP cys)

Per protocol exclusion (PPey)

Accounting for transplant as a time-dependent covariate (TA)
Accounting for transplant as a time-dependent covariate and
adjustment for transplantation-outcome confounders (TAy)

ESHOL CONTRAST

HR (95% CI)

HR (95% CI)

0.95 (0.75-1.20)*
0.88 (0.69-1.13)
0.90 (0.70-1.16)
0.95 (0.75-1.21)
0.89 (0.69-1.13)

0.76 (0.59-0.97)
0.73 (0.56-0.94)*
0.74 (0.58-0.96)
0.77 (0.60-0.99)
0.80 (0.62-1.02)

?Original ESHOL and CONTRAST analyses. For the current analyses, the ESHOL dataset was completed by adding follow-up data on all-cause mortality for those patients who had dis-
continued randomized treatment (received a renal transplant) and were considered alive in the previously published analyses. In the current analysis, four subjects were excluded due to

missing data.

0.88 (95% CI 0.69-1.13) and HR 0.90 (95% CI, 0.70-1.16) for
PP ns and PP, respectively.

In ESHOL, TA analysis resulted in HR 0.77 (95% CI 0.60-
0.99), while TA analysis in the CONTRAST study resulted in
HR 0.95 (95% CI 0.75-1.21). In ESHOL, TA analysis with
adjustment for transplantation-outcome confounders (TA.)
resulted in HR 0.80 (95% CI 0.62-1.02), while the same analysis
in the CONTRAST study resulted in HR 0.89 (95% CI 0.69-
1.13).

DISCUSSION

This study assessed whether differences in published effect esti-
mates observed between two RCTs (ESHOL and CONTRAST)
investigating the effect of HDF versus HD on mortality in end-
stage renal disease could be attributed to the fact that these
RCTs applied different methods of analysing the occurrence of
renal transplantation during the trial. Indeed, the differences in
effects between the two studies attenuated when the same analy-
sis was performed; in particular, adjustment for trans-
plantation-outcome confounders led to more similar effect
estimates between the ESHOL and CONTRAST trials. This
indicates that differences in applied analytical methods explain
part of the differences in effects observed between these trials.
Our analyses exemplify the necessity of taking competing treat-
ments into accounting when evaluating effects of therapeutic
interventions in randomized trials.

Strengths and limitations

One of the strengths of our study is that by using the original
individual patient data we were able to compare different meth-
ods of analysis in the same data, such that differences in results
obtained are likely due to the method applied. However, our
study is limited by the fact that apart from the method of analy-
sis, varying results between RCTs in ESRD patients may be
explained by other factors, such as differences in patient charac-
teristics, random sampling variability, variation between practi-
ces and the dosage/intensity of the delivered intervention, as has
been discussed at length in the literature [2, 5, 21]. These issues
are beyond the scope of this article.

In the current analysis, only confounders (patient character-
istics) that were measured at baseline were considered.
Adjustment for baseline patient characteristics ignores the fact

that patient characteristics, including confounders of the trans-
plantation-outcome relation, may change over time. When
treatment affects future patient characteristics and these (inter-
mediate) patient characteristics increase the probability of
transplantation, TA analysis adjusting for baseline trans-
plantation-outcome confounders only may be biased, since
these patient characteristics may have changed over time.
However, adjustment for time-varying transplantation-out-
come confounders affected by prior treatment (dialysis) should
not be performed using standard methods such as stratification
or regression analysis [6, 22]. In that case, advanced methods,
such as inverse probability of treatment weighting (IPTW),
G-computation or G-estimation, could be used to obtain
unbiased effect estimates. Additionally, treatment by competing
treatment interactions may need to be explored [13].

Choosing the direct effect of HDF (TA.,,) over a
pragmatic effect (ITT)

In practice, we often want to estimate the effect of initiating
HDF or HD on the risk of mortality in ESRD patients. It seems
that this effect is estimated by the total effect of HDF compared
with HD, estimated by ITT analysis, which includes the increase
in transplantation likelihood, and through that a reduction in
the risk of mortality. However, because of the limited number of
renal donors, HDF and HD patients within a particular trial
may compete for receiving a transplant. For example, in the
ESHOL trial, more HDF patients received transplants (22.2%)
than HD patients (17.5%). This competition effect adds to the
total effect estimated by the ITT analysis. If this competition dif-
fers in future ESRD patients (i.e. in the target population), so
will the total effect of HDF versus HD. The total effect of HDF
versus HD may differ even more if the availability of renal
donors is completely different in the target population of ESRD
patients and/or the patient characteristics of those receiving
transplantation differ from those in the current trial. However,
the direct effect of dialysis modality on the risk of mortality (i.e.
the effect that is not due to increasing the likelihood of a renal
transplant) may be more constant across populations where
competition for renal donors or availability of renal donors is
different. This direct effect is estimated by models such as TA.y,
which could therefore be applied more often in order to
estimate the direct effect of HDF on the risk of mortality. It may
be easier to generalize the effects of HDF versus HD based on
their direct effects on mortality. Therefore, of the methods we



considered, the direct effect of HDF on mortality estimated by
TA. can be considered most generalizable to populations
where the proportions of patients receiving renal
transplantation and/or the patient characteristics of those
receiving transplantation differ from those in the ESHOL and
CONTRAST trial. However, the TA. effect may be biased
if important confounders of the relationship between
transplantation and the outcome are unmeasured or when
observed confounders are measured with limited detail
Therefore, we propose to report both TA., and ITT treatment
effect estimates to allow for a comparison and to assess the
impact of secondary interventions.

CONCLUSION

The apparent differences in estimated treatment effects between
two dialysis trials were to a large extent attributable to differen-
ces in applied methodology for taking renal transplantation into
account in their final analyses. Our results show the necessity of
careful consideration of the treatment effect of interest when
estimating the therapeutic effect in RCT's in which participants
may receive additional treatments.
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