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clearance and convective transport to achieve greater clearance of middle-molecular-
weight solutes. Among other factors, important prerequisites for the implementation
of HDF include access to high-flux dialyzers, achievement of high blood flow rates,
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hemodiafiltration (OL-HDF) is an established kidney replacement therapy, frequently
used in many countries. Although in the United States, some prerequisites
(e.g., access to high-flux dialyzers and achievement of high blood flow rates) for OL-

Funding information HDF treatment are readily available; however, a machine capable of generating the

Fresenius Medical Care online solution for OL-HDF is currently not available. As the clinical experience with

HDF accumulates globally, it is worth examining the evidence for this kidney replace-
ment therapy as used in routine clinical care. Such real-world evidence is increasingly
recognized as valuable by clinicians and may inform regulatory decisions. In this
review, we will focus on emerging global real-world data derived from routine clinical
practices and examine how these data may complement those derived from clinical
trials.

1 | INTRODUCTION

in bags.* Modern-day HDF involves the production of ultrapure, ster-

ile infusion solution by the dialysis machine at the bed side (i.e., online

A number of kidney replacement therapies (KRT) have been devel-
oped for the long-term management of patients with end-stage kid-
ney disease (ESKD). Broadly, hemodialysis can be classified as low-
flux, high-flux, or hemodiafiltration (HDF).* Low-flux hemodialysis
relies on diffusion to remove smaller uremic toxins. By using dialyzers
with greater permeability, high-flux hemodialysis applies diffusion and
some convection to increase the clearance of molecules between
500 Da and 15 kDa but not larger middle molecules. HDF combines
diffusion together with convective transport (secondary to filtration)
to achieve greater clearance of middle-molecular-weight solutes.?? As
HDF involves the removal of large fluid volumes by convection, it
requires equal large volumes of sterile substitution solution be infused

during treatment. Historically, this fluid was transported and supplied

[OL]-HDF). The use of HDF with large substitution volumes (high-
volume HDF; HVHDF) is variably defined as an effective convection
volume of 220% of blood volume processed” or convection/substitu-
tion volumes of >20-25 L/session.®1°

Due to regulatory barriers and the absence of available dialysis
machines capable of OL-HDF, HDF is rarely used in the
United States.*?'1! Nonetheless, OL-HDF accounts for approximately
10% of global dialysis sessions.'?'® As clinical experience with OL-
HDF accumulates, it is worth reexamining the clinical data for this
modality of KRT. In this review, we focus on emerging data derived
from routine clinical practice and examine how these data may com-
plement those derived from clinical trials and aid clinical decision

making.
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2 | THE ROLE OF REAL-WORLD EVIDENCE
IN ASSESSING THE CLINICAL PROFILE OF
THERAPY

The ability to incorporate novel therapeutic approaches into routine
clinical practice is generally dictated by well-defined and mostly
country-specific regulatory pathways. Traditionally, the clinical profile
(i.e., safety and efficacy) of therapeutic approaches is generated by
well-controlled randomized clinical trials. The data collected from such
trials are frequently used to determine initial market authorization.
However, these randomized clinical efficacy trials often provide little
insight into the effectiveness and value of therapeutic approaches
when used among broad, unselected patient populations in real-world
healthcare settings.“’15 Thus, the need for real-world evidence (RWE)
to complement the results of traditional clinical trials is recognized by
many healthcare stakeholders, as it can expand our knowledge and
understanding of the risks, benefits, and value of therapeutic
approaches when used in routine practice.'®*” As will be reviewed,
RWE can be generated by a variety of study designs and frameworks
using diverse data sources.®

Interventional effectiveness trials randomly assign patients to
one of several therapeutic approaches. The random treatment
assignment enhances the internal validity of the study results, and
additional design choices (e.g., selection of patient population, com-
parator, outcomes/study endpoints, duration of follow-up, and
overall setting) allow tailoring of the trial toward its overall objec-
tive of demonstrating effectiveness of a therapeutic intervention,
within the constraints of conducting a trial. An alternative research
framework to generate RWE uses observational studies of real-
world data (RWD). Observational studies can be designed such that
the data collection is directed toward a specific research purpose
(e.g., a prospective registry study). Alternatively, retrospective ana-
lyses of existing RWD sources (e.g., claims data or data stemming
from electronic health records) can be analyzed. In such studies,
treatment decisions are made by healthcare professionals and
patients (i.e., not dictated by a study protocol), allowing a better
understanding of current practice patterns. The inclusion of an
unselected patient population such as national registries improves
the generalizability of the results. Analysis of large, unrestricted
patient populations also allows for investigation of rare outcome
events, exploration of patient subgroups and accounts for various
regional or local practices. Evidence from RWD sources can be
generated in a timely and resource-considerate fashion.

Interpretation of observational study results must be put into
appropriate context. Specifically, the lack of random treatment assign-
ment may introduce biases, particularly when attempting to compare
different therapeutic approaches. Design and analytical strategies
(e.g., restriction of patients, proper selection of unexposed patients
through direct matching or propensity-score matching (PSM), inverse
probability of censoring weighting, using instrumental variables, or uti-
lizing proxy measures for variables of interest) can reduce, but not
eliminate, the possibility of confounding and bias.*? When analyzing

data not collected for research purposes, data quality and

completeness can vary greatly, a factor that should be considered

when interpreting analysis results.

3 | EVIDENCE BASE FOR HDF:
RANDOMIZED CONTROLLED TRIALS (RCTS)

Data examining OL-HDF have come from both RCTs and observa-
tional RWD generation. To date, four RCTs have investigated the
effects of OL-HDF on mortality risks or rates in different countries
(the Dutch Convective Transport Study [CONTRAST],*? the Estudio
de Supervivencia de Hemodiafiltracién Online [ESHOL] study,® the
Comparison of Post-dilution Online Haemodiafiltration and
Haemodialysis [Turkish OL-HDF] Study,?° and the French Convective
versus Hemodialysis in Elderly [FRENCHIE] study?®?). However, data
from the individual studies are conflicting and inconclusive, with only
one of the four showing a beneficial effect on mortality. The ESHOL
study compared the effects of HV OL-HDF and high-flux hemodialy-
sis on all-cause and cardiovascular mortality in approximately
600 patients over 24 months. The target convective volume (CV) was
218 L/session plus the net UF volume needed to achieve the patient's
target or dry weight, and the delivered CV was 22.9-23.9 L/session.
Mean blood flow rates (Qb) were >387 mL/min, and mean treatment
duration was 236 min. OL-HDF was associated with reduced risk of
all-cause mortality (30% relative risk reduction [RRR]), cardiovascular
mortality (33% RRR), and hospitalization (22% RRR).2%?2 |n those who
received CVs > 25 L/session, all-cause mortality was reduced by
45%.1%22 Medication usage did not differ between groups. Notably,
6% of patients used low-flux dialyzers, and the HDF group was youn-
ger, had a lower prevalence of diabetes, and had less severe comorbid
disease (as assessed by lower Charlson Comorbidity Index scores),
and fewer patients dialyzed with venous catheters.

In the Dutch CONTRAST, OL-HDF with high-flux dialyzers was
compared with low-flux hemodialysis among approximately
700 patients.*? No mortality benefit was observed with OL-HDF over
the 36-month study period.'? Among patients in the OL-HDF cohort,
the mean (SD) filtration fraction was 25.9 (3.9) L (not exceeding 33%);
Qb, 333 (44) mL/min; treatment duration, 225 (24) min; and target
CV, 24 L/session (6 L/h).2® Although the target CV was 24 L/session
(6 L/h), 50-66% of patients did not achieve this target, and the mean
delivered CV was below the target at 20.7 L/session. Notably,
patients who received >21.95 L of CV (assuming 2 L of UF needed to
achieve the patient's target weight) with OL-HDF showed a signifi-
cantly lower mortality compared to those randomized to low-flux
HD. The target CV was reached in only 18% of these patients, who
incidentally had higher Qb (384 * 5 mL/min).2%

The Turkish OL-HDF Study aimed to compare the effects of OL-
HDF on all-cause mortality and first nonfatal cardiovascular event
requiring hospitalization with those of high-flux hemodialysis.2° Dur-
ing OL-HDF sessions, the filtration fraction was kept between 25%
and 30%, and the substitution volume was targeted to be >15 L and
Qb of 250-400 mL/min. In the OL-HDF group, the achieved CV was
17.2 L/session and mean treatment duration 236 min. Cumulative
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event-free survival, cardiovascular and overall survival, hospitalization
rates, number of hypertensive episodes, and medication use did not
differ between treatment groups. In post hoc analyses, substitution
volumes >17.4 L/session were associated with a 30% reduced risk of
the primary outcome and a 46% reduced risk of all-cause mortality.
Notably, 10% (n = 40) of the patients in the OL-HDF group termi-
nated the study early due to vascular access problems, predominantly
secondary to insufficient Qd.

Most recently, the FRENCHIE study assessed high-flux conven-
tional hemodialysis versus OL-HDF among 381 patients over 65 years
of age.?! Treatments were conducted thrice-weekly for approximately
237 min/session. Target rates were 350-400 mL/min (Qb) and 500-
600 mL/min (Qd). Relative to high-flux hemodialysis, OL-HDF was
not associated with any significant effect on all-cause or cardiovascu-
lar mortality. However, OL-HDF was associated with fewer episodes
of intradialytic hypotension, a higher rate of arrhythmias, and a 47%
reduced risk of vascular access hospitalizations in this elderly group.
Apart from the mental composite score of the Kidney Disease Quality
of Life Short Form (KDQOL-SF) questionnaire, which was higher in
the conventional HD group, patient-reported quality of life did not
differ between groups. Since the primary endpoint of the study was
intradialytic tolerance and not mortality, the study was underpowered
to assess mortality differences between the two dialysis modalities,
and mortality in the ESKD study population was low.

Meta-analyses of available data, by both Mostovaya et al. and
Nistor et al., reported decreased risk of cardiovascular mortality with
HDF relative to hemodialysis (relative risk [RR]: 0.73 and 0.75, respec-
tively).2*2> In an assessment of mortality among patients from all four
RCTs (N = 2793), Nubé et al. reported that the beneficial effect of
OL-HDF on survival seen in the overall analysis by Peters et al. was
due to the effect of lowering the risk of cardiac death (hazard ratio
[HR] [95% CI]: 0.64 [0.61; 0.90], p = 0.01).25%”

A fifth RCT, the Impact of Hemodiafiltration on Physical Activity
and Self-Reported Outcomes (HDFIT) trial, compared high-flux hemo-
dialysis versus HVHDF but did not examine so-called “hard” clinical
outcomes such as mortality and hospitalization.?® Instead, the trial
evaluated the impact of HDF on overall patient-reported physical
activity and sleep duration in 13 Brazilian dialysis clinics. Investigators
found no effect of dialysis modality on sleep duration. Independent of
modality, patients receiving dialysis between 6 am and 10 awm (i.e., the
first shift) experienced significant reductions in sleep duration.® In a
meta-analysis of five RCTs (N =1259), Wang and colleagues
(N=1259) found that HDF reduced symptomatic hypotension
(RR [95% Cl]: 0.49 [0.30; 0.81]; p = 0.002).2° Discordance among the
above RCTs may stem from multiple factors, including study designs,
choice of comparators or control groups, selection bias, and the pres-
ence of confounders such as use of low-flux HD membranes, differ-
ences in substitution volume targets, failure of patients to reach
target volumes/rates, and/or inconsistency in CVs delivered.

The ongoing CONVINCE study is an RCT that aims to address
some of the shortcomings of prior trials.%° By aiming to enroll 1800
patients, the hypothesis that treatment with OL-HDF, when consis-
tently delivered in high doses of >23 L of substitution volume, results

in an improvement in clinical outcomes will be tested over a 3-year
follow-up period. Study endpoints include all-cause and cause-specific
mortality, cardiovascular morbidity, and various patient-reported

outcomes.®?

4 | EVIDENCE BASE FOR HDF:
OBSERVATIONAL STUDIES

Although a beneficial effect of OL-HDF on mortality has not been
conclusively demonstrated in RCTs, several observational studies
strongly suggest a survival benefit afforded by HD OL-HDF. Data
from the Dialysis Outcomes and Practice Patterns Study (DOPPS) that
followed more than 2100 patients revealed a 35% reduced risk of
mortality (RR: 0.65) compared with high- (RR: 1.03) or low-flux HD
(reference) among patients receiving OL-HDF with CVs of 15-24.9 L/
session.>? However, a second DOPPS RWD analysis did not find any
survival benefit with OL-HDF with substitution volumes >20 L33
Interpretation of the findings is tempered by the fact that only 6% of
participating clinics prescribed OL-HDF to all patients; when the anal-
ysis was adjusted for study era and country, a CV > 20 L was associ-
ated with a 10% reduction in all-cause mortality. When results were
further adjusted for vascular access, Qb, body mass index, hemoglo-
bin, and serum albumin, conventional HD appeared to confer a sur-
vival benefit (relative to facilities with higher rates of OL-HDF).
Discrepancies between the two DOPPS data analyses may be attrib-
uted to achieved CVs, study design confounders, center effects, actual
numbers of patients prescribed OL-HDF, and sampled populations.
Data from the European Clinical Database (EuCliD) on
394 patients receiving OL-HDF and 2170 receiving hemodialysis were
examined.®* Investigators demonstrated a 35.3% reduced risk of mor-
tality associated with HD OL-HDF (15-25 L/session) relative to
hemodialysis.®>> The RISCAVID (RISchio CArdiovascolare nei pazienti
afferenti all' Area Vasta In Dialisi) study examined data from
757 patients with ESKD and found that OL-HDF (22-25 L/session of
CV) resulted in higher cumulative survival than standard HD, even
after model adjustments (RR for mortality: 0.78; p = 0.01).3 In 2018,
See and colleagues published data from the Australia and
New Zealand Dialysis and Transplant (ANZDATA) Registry.>” In a
cohort of nearly 23,000 patients receiving hemodialysis and more
than 4000 patients receiving OL-HDF, investigators demonstrated a
mortality benefit with OL-HDF. Multivariate analyses demonstrated
21% and 12% RRRs in all-cause mortality in Australia (N = 3302;
p < 0.001) and New Zealand (N = 808; p = 0.05), respectively. A sig-
nificant treatment effect on cardiovascular mortality was observed in
the Australian cohort (HR: 0.79; p = 0.01) but not the New Zealand
cohort (HR: 1.09; p = 0.48). Qb ranged from <250 to >350 mL/min,
and CVs were <17 to >22 L/session. A majority (60%) of patients per-
manently remained on OL-HDF, and of the 40% who discontinued
OL-HDF, more than a quarter (28%) reinitiated OL-HDF at a later
time. A 2019 study from the Japanese Society for Dialysis Therapy
Renal Data Registry examined 1-year survival outcomes in a

propensity-matched cohort of 5000 pairs of patients treated with



FICOCIELLO ET AL.

* L wiLey-

high-flux conventional hemodialysis or predilution OL-HDF.>® OL-
HDF was associated with improved overall survival (HR [95% ClI] for
all cause-mortality: 0.83 [0.705; 0.986]), with a trend toward
improved cardiovascular survival.

The potential benefits of OL-HDF appear to extend to patients
first starting dialysis (i.e., incident patients). For instance, a significant
reduction (71%) in mortality was also associated with HD (220.4 L)
OL-HDF (vs. high-flux conventional hemodialysis) in an observational
trial among 442 incident ESKD patients (HR: 0.29).3% In a separate
study of nearly 1600 incident patients, HYHDF was associated with a
50% reduction in mortality relative to hemodialysis.*® Subgroup ana-
lyses further supported a potential survival benefit with higher CVs in
patients aged 65-74 years, females, obese patients, non-diabetic
patients, and patients with high blood pressure. In a PSM cohort study
by Maduell et al. among approximately 1000 incident patients across
64 Spanish dialysis clinics, OL-HDF (median SV: 23.45 L) was associ-
ated with a 24% RRR in all-cause mortality.** A significant reduction
in the risk of cardiovascular mortality was also observed with OL-HDF
(HR: 0.67; p = 0.008).

5 | PERSPECTIVES ON RWE

The last 20 years have seen an exponential growth in the number of
articles on RWE. The onset of the coronavirus disease 2019 (COVID-
19) pandemic has put an even greater focus on RWE as the collection
of clinical trial data is now even more challenging.*> Despite such
focus, the role of RWE in decision-making processes for (a) regulators,
(b) clinicians, and (c) payers and health technology assessment (HTA)
agencies remain mixed.

The European Medicines Agency (EMA) introduced strategies
incorporating RWE for early access to medicines addressing high
unmet medical needs. Those medicines with insufficient “traditional
data” may be approved for use with the understanding that further
RWE will be collected (e.g., through product registries, claims data,
and electronic health records) once the therapy is in use.** Presently,
RWE has been given even more prominence in the approval process
for medical devices since the introduction of the new Medical Device
Regulation in the European Union.**

The role of RWE in the approval process of therapeutics appears
to be increasing. In fact, in 2018 and 2019, 40% of initial marketing
authorization applications included RWE.** In the Pharmaceutical
Strategy for Europe, adopted by the European Union in 2020, “big
and real-world data” will “support the development, authorization and
use of medicines” by 2025%¢*; a key component aimed at advancing
the use of RWE is the Data Analytics and Real-World Interrogation
Network (DARWIN EU), slated to launch in 202248

There are few data examining the extent to which clinicians use
RWE to guide treatment decisions. In a survey of U.S. oncologists,
more than three-quarters of those surveyed indicated RWE is neces-
sary to inform clinical decisions, but nearly 70% denied using RWE in
such decision making.*’ In another survey, 58% of U.S. cardiologists

indicated that RWE can be used to “tailor health care decisions more

closely to the characteristics of individual patients.”>® Clinicians see
RWE as a useful complementary source to traditional forms of data
collection, especially with regard to safety and effectiveness among
heterogeneous populations not included in other trials and for out-
come parameters not previously examined.’® It is reasonable to
assume that clinician trust in, and reliance on, RWE will increase as
the reliability of such data increases.

Payers have recognized the potential value of RWE, especially
with regard to reimbursement for highly innovative technologies.>?
However, the use of RWE for decision making remains limited for this
stakeholder group. In a review of 27 pharmacy and therapeutic com-
mittee monographs for U.S. payers, RWE accounted for less than 5%
of the data sources.”® The literature does point to a trend for this to
change in the near future, as a result of revised guidance and steps to

improve the quality of RWE.>4~>7

6 | RWEFORDECISION MAKING RELATED
TO OL-HDF

A large body of RWE has been generated for OL-HDF, and these data
complement the body of evidence from RCTs. The available data sug-
gest that the clinical benefits observed in some controlled trials are
also demonstrated in a real-world setting. To date, we are unaware of
any RWE generated for OL-HDF having been used for regulatory
authorization or payor decisions. The body of published RWE, particu-
larly from Europe, has increased over time, suggesting clinical experi-
ence and comfort levels with this modality of dialysis are rising.

Examples of currently ongoing effectiveness trials comparing
HVHDF and high-flux hemodialysis are the CONVINCE trial and the
U.K. High-volume Haemodiafiltration versus High-flux Haemodialysis
Registry Trial (H4RT).3%>8 Both trials have mortality as their primary
outcome measures but have also included patient-reported outcomes
and economic evaluation in their trial designs. The evidence generated
through these trials holds the promise of answering important ques-
tions regarding the benefits and risks of OL-HDF when used in real-
world practice. Both trials will also allow us to examine health eco-
nomic outcomes, enabling a better understanding of the value of OL-
HDF. Despite some of the methodological drawbacks, observational
research studies based on RWD can provide valuable and important
evidence on real-world utilization and practice patterns among unse-
lected patient populations and complement the results of clinical
trials.

Whereas in-center OL-HDF is essentially nonexistent in the
United States, approximately 23% of European dialysis patients in
2012 were treated with OL-HDF, with a high variation between indi-
vidual countries.>® DOPPS data from the Middle East suggest OL-HDF
are being used for approximately 20% of patients—with again consid-
erable variation by country and gender (men: 23%; women: 16%).>°
Dissemination of these experiences, along with published RCTs and
RWD studies, may help inform U.S. nephrologists. Early adopters,
including physicians with OL-HDF experience who have practiced out-

side the United States, may help to lead the paradigm shift to treating
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patients with OL-HDF, but education on the therapy and prescriptions
will need to be conducted. There is some hesitancy over OL-HDF
among U.S. nephrologists; the most frequently cited concerns are com-
plexity, expense, and seemingly inconsistent patient outcomes.* The
capability of current dialysis machines to generate substitution fluid
OL, rather than rely on pre-packaged bagged solutions, removes much
of the complexity and additional cost.?° No additional staffing is
needed to run OL-HDF treatments, although staff training would be
required, just as with any new machine. Clinical outcomes, as reviewed
above, are more consistent when studies focus on HVHDF. Therefore,
HVHDEF is recommended over OL-HDF with lower substitution vol-
umes.®* With the potential savings from OL solution generation and
improved patient outcomes, the argument can be made that OL-HDF

offers increased value for both patients and payors.
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