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ABSTRACT

Introduction: The increased incidence of cancer in hemodialysis patients has been discussed since the
mid-70s. Today, physicians regularly encounter situations where they must manage the prescription of
anticancer drugs in hemodialysis patients.

Areas covered: Hemodialysis patients are at risk of dose-related toxicities due to pharmacokinetic
modifications. Hemodialysis patients are at risk of therapeutic drug removal during their hemodialysis
session, which may result in a loss of efficacy. In the advent of novel immunotherapies, particularly
tumor vaccines, there is an increased theoretical risk of pharmacodynamic modification. Indeed,
pharmacodynamic modifications have already been reported for viral vaccines.

Expert opinion: It is important to consider all of the potential pharmacokinetic/pharmacodynamic
modifications before prescribing anticancer drugs in hemodialysis patients. However, pharmacokinetic/
pharmacodynamic modification should not be considered a contraindication for anticancer drug use in
hemodialysis patients, rather, clinicians should be aware of the need individualize treatment according
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to available recommendations.

1. Introduction

Although renal transplantation is considered to be the best
‘treatment’ for hemodialysis (HD) patients, HD is still the com-
monest ‘treatment’ for these patients. Over one million people
worldwide benefit from long-term dialysis. The number of
patients under dialysis increases by at least 5% per year in
Western countries due to aging and increasing prevalence of
type Il diabetes, a condition that is frequently associated with
the deterioration of renal function.

Many studies in the past have shown that the risk of
cancer development is increased in HD patients when com-
pared with the general population [1-6]. Cancer and chronic
kidney disease (CKD) are connected especially in HD
patients, and HD may be a risk factor of cancer [7]. In
addition, mortality from cancers was reported to be higher
in HD patients than in the general population [8,9]. The
postulated pathogenic mechanisms for cancer development
in HD patients include: altered DNA repair, impaired
immune system function, decreased antioxidant defense,
chronic infection and inflammation, and accumulation of
carcinogenic compounds [9,10]. The result is that more
and more physicians are facing the question of anticancer
drugs handling in HD patients, because of the potential
pharmacokinetic/pharmacodynamic (PK/PD) modifications
of these drugs in this population. In fact, it was illustrated
by one study. The authors reported that most dialysis
patients received anticancer drugs that need dosage adjust-
ment because of pharmacokinetic modifications [11]. The

same study also reported that most patients received antic-
ancer drugs that could be removed by HD session, exposing
them to an under-dosage.

2. Pharmacokinetic modifications
2.1. Absorption

Anticancer drugs can be administered intravenously (IV) (che-
motherapies for example) and also orally (sunitinib, sorafenib,
erlotinib, etc.). For anticancer drugs administered IV, there is
no intestinal absorption. However, for oral anticancer drugs,
pharmacokinetic modifications of the absorption were
reported [12].

Many physiological (Figure 1) changes could occur:
changes in gastric pH that could affect the absorption of
some oral drug by changing their state of ionization.
Changes in the integrity of the intestinal wall in HD patients
have also been reported with increased gut permeability
because of inflammatory conditions [13,14]. Furthermore, a
decrease in the activity and expression of intestinal and hepa-
tic enzymes responsible for drug metabolism has been
reported in CKD patients, thus inducing a reduction of the
effects of hepatic first-pass [15,16].

Consequently, the quantity of a drug that attains systemic
circulation can be significantly impaired in HD patients. For
example, in a study on the pharmacokinetics of sunitinib in
patients with renal insufficiency, the authors observed a lower
exposure to sunitinib in CKD patients as compared to patients
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Article highlights

e Cancer and chronic kidney disease are connected and especially in
hemodialysis.

e More and more physicians are facing the question of anticancer
drugs handling in hemodialysis patients.

» Hemodialysis patients are facing two different problems: (1) a risk of
overdose because of the kidney failure and (2) a risk of inefficiency
because of the removal of the anticancer drugs by the hemodialysis
session.

e Most of anticancer drugs need dosage adjustment in hemodialysis
patients because of pharmacokinetic modifications.

e Many anticancer drugs need a specific timing of administration
according to the hemodialysis session.

This box summarizes key points contained in the article.

Figure 1. Pharmacokinetic modifications in chronic kidney disease patients.

with normal renal function, suggesting a lower absorption of
sunitinib from the gastro-intestinal tract in patients with a
kidney disease and thus a risk for lower exposure and lower
efficacy [17].

2.2. Distribution

Next is the second phase, called distribution, during which the
drug diffuses into peripheral tissues called compartments,
such as the bone, fat, and tissues of the central nervous
system. During the distribution, many drugs are binding on
plasma proteins (albumin, etc.). However, in CKD patients,
hypoalbuminemia is frequent. Furthermore, CKD can result in
changes in plasma protein binding of drugs, an effect that has
particular importance for highly bound drugs [12,18,19].
Consequently, the unbound fraction of the drug is increasing,
leading to potential overdosage and dose-related side effects.
For example, hypoalbuminemia could lead to potential over-
dosage of cisplatin and paclitaxel [20]. Indeed, cisplatin is
strongly linked to albumin (>90%). In a study in patients

with hypoalbuminemia lower than 30 g/L versus healthy
patients, the authors reported an increase in toxicities related
to treatment with cisplatin and paclitaxel (anemia, fatigue,
neuropathy, and loss of appetite) [21]. The binding of pacli-
taxel to plasma proteins such as albumin is important for
achieving its therapeutic target. Albumin binds paclitaxel and
transports it in the bloodstream, allowing its gradual libera-
tion, thus decreasing its toxic effects [21].

Another example, the area under the curve of the unbound
SN-38 (7-ethyl-10-hydroxycamptothecin) (an active metabolite
of irinotecan) in CKD patients was 4.38-fold higher than that in
normal kidney patients. The unbound fraction of SN-38 was
also 2.6-fold higher in such patients, partly because SN-38
protein binding was displaced by the uremic toxin 3-car-
boxy-4-methyl-5-propyl-2-furanpropionate. The authors also
reported that this result was supported by the correlation of
the unbound fraction of SN-38 with the plasma 3-carboxy-4-
methyl-5-propyl-2-furanpropionate  concentration,  which
negatively correlated with renal function [22].

Finally, the volume of distribution of drugs is potentially
significantly increased in CKD patients [12,23], because of fluid
overload.

2.3. Metabolism

Pharmacokinetic studies in HD patients have shown that non-
renal clearance is reduced for many drugs [12,19]. For exam-
ple, vandetanib has a very low hepatic extraction ratio, indi-
cating that intrinsic hepatic clearance and plasma protein
binding are the most important determinants of hepatic clear-
ance. However, hepatic dysfunction appeared to have no sig-
nificant effect on either intrinsic hepatic clearance or plasma
protein binding [24,25]. However, CKD was reported to
increase the exposure of vandetanib [24,25]. An explanation
is that uremic toxins that accumulate in HD patients modify
the activities of metabolizing enzymes and also of the hepa-
tocyte transporters [26,27]. However, this effect could lead to
different consequences according to the profile of the drug.
For example, some drugs used are administered as an inactive
form (pro-drugs) and are metabolized by the liver into an
active form. In this case, CKD patients’ liver will not be able
to generate the active compound of the drug. Consequently,
the patients will accumulate the inactive compound, and the
treatment will not be efficient. For example, fluorouracil (5-FU)
is mostly metabolized in the liver and renal excretion accounts
for less than 10% [28]. Several observations indicated that 5-
FU may be used at its usual dosage in patients with HD [29].
Capecitabine is a non-cytotoxic fluoropyrimidine carbamate,
which functions as an orally administered precursor of the
cytotoxic moiety fluorouracil. Capecitabine is activated via
several enzymatic steps. It is first metabolized by hepatic
carboxylesterase to 5'-DFCR (5'-deoxy-5-fluorocytidine), which
is then converted into 5'-DFUR (5'-deoxy-5-fluorouridine) by
cytidine deaminase, principally located in the liver and tumor
tissues. Further catalytic activation of 5-DFUR then occurs by
thymidine phosphorylase. The enzymes involved in the cata-
lytic activation are found in tumor tissues but also in normal
tissues, albeit usually at lower levels. The sequential enzymatic
biotransformation of capecitabine to fluorouracil leads to



higher concentrations within tumor tissues and consequently
to the pharmacological effects. The renal impairment had no
effect on the pharmacokinetics of capecitabine but leads to an
increase in the systemic exposure to two metabolites, the 5'-
DFUR and the alpha-fluoro-beta-alanine [30]. Following the
administration of capecitabine, 5'-DFUR is the direct precursor
of fluorouracil and alpha-fluoro-beta-alanine is the final meta-
bolite of fluorouracil. Neither metabolite is cytotoxic, but the
exposition to 5-DFUR is correlated to safety. However, no data
are available for HD patients.

2.4. Elimination/excretion

It is mandatory to clearly define the terms ‘elimination’ and
‘excretion’ to understand how a drug disappears from the
organism. Elimination is the irreversible loss of drug from the
site of measurement. Elimination occurs by two processes,
excretion and metabolism. Excretion is the irreversible loss of
chemically unchanged drug. As a result, a drug may be elimi-
nated by the liver and its metabolites excreted in the urine.
Consequently, the kidney plays an important role in the elim-
ination of most drugs because it is involved in the excretion of
the unchanged drug and/or its metabolites. It is therefore very
important to follow all the compounds of the administered
drug.

There are three different mechanisms of renal excretion:
glomerular filtration, tubular secretion, and tubular reabsorp-
tion. Unbound fraction of drugs and small size drugs are
eliminated by the glomerular filtration. Secretion and tubular
reabsorption are implicating active transport mechanisms and
involve different transporters. In HD patients, these three
mechanisms are impacted. In chronic dialysis patients, the
renal function is considered to be null and it will not improve.
In such cases, the only way is renal transplantation. The con-
sequence is an accumulation of the drug with potential dose-
related side effects. For example, cisplatin is mainly eliminated
through the kidney (90%) [31].

Nephrotoxicity is no longer a limitation in HD patients, but
patients remain exposed to potential dose-related side effects,
such as anemia and neuropathy. The dose of cisplatin must,
therefore, be reduced in HD patients. In HD patients, cisplatin
clearance is similar to that observed in patients with normal
renal function after a single administration of 30 mg.

However, a significant fall of the clearance of the free
fraction of cisplatin has been reported in one HD patient
[32]. Several studies have demonstrated good efficacy and
tolerance of cisplatin in HD patients. One HD patient received
four cisplatin infusions of 25 mg/m? in two courses and under-
went HD session before each treatment [33]. In another study,
cisplatin was given in HD patients at a dose of 50 mg, four
administrations every 15 days, followed by two administra-
tions of 80 mg. The plasma concentration was never
>3.16 pg/ml [34]. Five other HD patients received cisplatin at
various doses [35]: two patients started cisplatin at the initial
dose of 40 mg/m? followed by injections of 80 mg/m? and
three at the dose of 80 mg/m? upfront. Tolerance to cisplatin
in all these patients was similar to that in patients with normal
renal function. Finally, the initial doses of cisplatin in HD
patients must be reduced by 50%, at a recommended dose
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of 25-50 mg/m? every 3-6 weeks [12]. Furthermore, cisplatin
is highly and irreversibly bound to plasmatic proteins [24].
Free cisplatin is dialyzable and the loss of free cisplatin during
HD is not compensated by bound cisplatin. Therefore, cisplatin
must be given following HD sessions or on non-dialysis days.

2.5. Drug transporters

Several studies have reported that the activity of uptake and
efflux transporters, expressed in the small intestine, the kid-
ney, and the liver, is altered in chronic renal failure
[26,27,36,37].

For example, the protein expression of the intestinal efflux
transporters P-gp and MRP2 (Multidrug Resistance Protein 2) is
decreased in rats with chronic renal failure, whereas the
expression of the influx transporters OATP2 and OATP3 is
not affected. In the liver, however, protein expression of
P-gp and OATP2 is reduced, whereas MRP2 expression is not
affected by chronic renal failure. These results indicate that
chronic renal failure can affect the expression of drug trans-
porters differently in the liver compared to the intestine [12].

3. Hemodialysis

Most dialysis patients are treated with chronic HD. The aim of
the HD session is to replace the renal function by removing
toxic wastes. Usually, HD patients performed three sessions, of
4 h each, per week. But it is possible to perform HD session
daily. However, HD session can also remove anticancer drugs
prematurely and be responsible for a potential under-dosage
and therapeutic inefficiency. Therefore, HD patients are facing
two different problems: (1) a risk of overdose because of the
kidney failure and (2) a risk of inefficiency because of the
removal of the anticancer drugs by the HD session. In such
patients, the dose and the timing of administration according
to the HD session are very important. In fact, the CANDY
(CANcer and DialYsis) study reported that 72% of the patients
received at least one anticancer drug that required a dosage
adjustment or for which there were no data in dialysis
patients. Furthermore, 82% had at least one anticancer drug
requiring administration after HD sessions [11]. For daily drugs,
it is easy to specifically administer before or after the session.
However, in case of BID (twice a day) or TID (three times a day)
administrations, it is harder to organize the optimal timing of
administration according to the HD session.

The timing of administration (before/after HD session) is
not the only problem. For example, several chemotherapies
are continuously administered (like fluorouracil) for several
days. But, in this case, some HD sessions may overlap the
fluorouracil administration and, because the fluorouracil is
dialyzable [29], could therefore expose the patient to a poten-
tial inefficacy. In theory, in such cases, it could be wise to stop
the continuous administration of the fluorouracil during the
HD session and to resume it after the end of the HD session.
However, no published study confirmed this theory.

HD session could also be an opportunity. For example, gem-
citabine is rapidly deaminated after administration to an inactive
metabolite: 2',2'-difluorodeoxycytidine (dFdU). The renal elimina-
tion of gemcitabine and its metabolites accounts for <10% and



620 (&) N.JANUS AND V. LAUNAY-VACHER

for 90% of the administered dose, respectively [38]. The use of
gemcitabine in HD patients has been found to be safe [38,39].
However, a 5- to 10-fold prolongation of its elimination half-life
and a higher area under the curve (AUC) of dFdU were measured
in HD patients [39] and may induce side effects. While gemcita-
bine removal by HD has never been studied, it is known that
dFdU is removed by HD session. It is therefore recommended to
start HD sessions 6-12 h after gemcitabine administration to
minimize the potential side effects of dFdU [29,40].
Consequently, it is important to adapt the dosage of drugs in
HD patients when necessary (Table 1). Several methods are
available: (1) the ‘dose method,” which reduces the dosage and
maintains the dosing interval; (2) the ‘interval method,” which
increases the interval between two administrations but with a
standard dosage; and (3) the ‘mixed method,” which uses both
(1) and (2).

4. Pharmacodynamic modifications

Pharmacodynamic modifications in HD patients are not com-
mon. The pharmacodynamic properties of chemotherapies
and targeted therapies are not impacted by CKD. But it is
important to consider potential pharmacodynamic modifica-
tions, because it was reported to be impaired for other drugs,
like SGLT2 inhibitors and vaccines.

The SGLT2 (sodium-glucose co-transporter 2) transporter,
expressed in the proximal renal tubules, is responsible for the
majority of the reabsorption of filtered glucose. Diabetic
patients have been shown to have elevated renal glucose
reabsorption which may contribute to persistent elevated
blood glucose concentrations. By inhibiting SGLT2, these
drugs reduce reabsorption of filtered glucose and lower the
renal threshold for glucose and thereby increase urinary glu-
cose excretion. In CKD patients, the urinary glucose excretion
is decreased; therefore, SGLT2 inhibitors will not work [42].
However, no anticancer drugs presented such mechanisms.

HD patients are immunocompromised [43]. This immune
dysfunction is the consequence of an impaired cell-mediated

Table 1. Most prescribed cytotoxic drugs in the IRMA (Insuffisance Rénale et
Médicaments Anticancéreux) study.

need for dosage adjustment in hemodialysis patients
according to

Janus et al.
INN [29] Lichtman et al. [41]
5-FU No No
Capecitabine No data No data
Carboplatin Yes Yes
Cisplatin Yes Yes

Not mentioned in the
recommendations

Cyclophosphamide Yes

Docetaxel No data No data
Doxorubicin No No data
Epirubicin No data No

Etoposide Yes Yes

Gemcitabine No No data
Irinotecan No data No data
Methotrexate No data No data
Oxaliplatin No data No data
Paclitaxel No No

Vinorelbine IV Yes No data

INN: international non-proprietary name; 5-FU = 5-fluorouracil.

and humoral immunity, reducing activities of the immune
system cells (B-cell, T-cell, monocytes, macrophages, etc.).
Consequently, impaired immune responses to vaccination
(hepatitis B virus vaccination, etc.) have been reported since
1992 [44], and it is necessary to potentially modify the dosage
of vaccines in HD patients. Therefore, the question of the
efficacy of immunotherapy is rising. Recent successes with
drugs targeting T-cell inhibitory molecules have led to a sig-
nificant increase in enthusiasm for immunotherapy [45].
Generally, immunotherapy is a treatment designed to enhance
a patient’s immune response against their tumors. There are
multiple forms of immunotherapy, which include: (1) check-
point blockade, the class of drugs targeting T-cell inhibitory
molecules; (2) adoptive cellular therapy, which involves direct
infusion of T cells into patients; and (3) vaccines, which are a
form of active immune therapy designed to stimulate the
patient’s immune system to recognize tumor cells as foreign
[45]. These tumor vaccines used various strategies to generate
immune responses, commonly targeting specific and pur-
ported tumor-associated antigens instead of antigens unique
to a patient’s tumor. However, in all cases, the tumor vaccines
were based on a ‘seroconversion’ of the patients. Therefore, ques-
tions arise: What would happen in immunocompromised HD
patients? Would the immune dysfunction of HD patients compro-
mise the mechanisms of these tumor vaccines? Would higher
and/or supplemental booster doses be necessary and efficient?

5. Consequences

Several studies reported the impact of CKD on the mortality in
cancer patients. In fact, CKD was reported to be an indepen-
dent risk factor of a reduced overall survival in cancer patients
[46]. Furthermore, two studies also reported that CKD was an
independent predictor factor of cancer-specific mortality
[47,48]. Finally, every 10 ml/min/1.73 m? fall was associated
with an 18% increase in cancer-related mortality [48]. This
reduced survival has been hypothesized to be related to the
cardiovascular complications of CKD or as a consequence of
inappropriate drug dosage adjustment [46]. Recently, two
studies helped us to check one of these hypotheses. Chen
et al. reported higher toxicities and a lower progression-free
survival in CKD patients receiving chemotherapies (capecita-
bine and carboplatin) in metastatic colorectal cancer (mCRC)
patients in comparison to patients without CKD [49]. Because
CKD patients were not identified, chemotherapy doses were
not adjusted to renal function. A second study included
patients treated by CMF (cyclophosphamide, methotrexate,
fluorouracil, AC (doxorubicine, cyclophosphamide), and cape-
citabine for breast cancer [50]. CKD patients received specific
doses according to their renal function. The authors reported
that the overall survival and the relapse-free survival were not
statistically different after a follow-up period of 12 years in
CKD patients versus non-CKD patients. Of course, these two
studies were not comparable (for example, mCRC vs. breast
cancer patients) and the treatments were not the same.
However, it underlined that not adjusting the doses of antic-
ancer drugs in CKD patients was exposing CKD patients to a
higher mortality and that drug dosage adjustment in CKD



cancer patients was found to be effective and comparable to
full doses in non-CKD cancer patients. However, there is no
such study published for HD patients.

6. Drug-drug interactions

Drug-drug interactions (DDIls) can be classified into two
groups: pharmacokinetic and pharmacodynamic. In pharma-
cokinetic DDIs, the pharmacokinetic properties (absorption,
distribution, metabolism, or excretion) of a drug are altered
by another drug. A common pharmacokinetic interaction
concerns drugs metabolized by the cytochrome P450 (CYP)
enzymes. By inhibition or induction of CYP iso-enzymes,
blood and tumor concentrations, antitumoral effects, and
toxicities of specific anticancer therapies may be altered.
Other pharmacokinetic interactions may result from, for
example, inhibition of the ABCB1 efflux transporter (or
P-glycoprotein); by altering the activity of ABCB1, the bioa-
vailability of anticancer drugs may be influenced [51]. In
pharmacodynamic DDIs, an additive, synergistic, or antago-
nistic effect occurs when two drugs are used concomitantly
[52]. For example, pharmacodynamic DDIs can be beneficial
(e.g. enhanced pharmacologic effects with fluorouracil and
leucovorin), but may also be potentially harmful (e.g. oto-
toxicity with furosemide and cisplatin) [51]. The number of
comorbidities and the number of over the counter drugs
used concomitantly with anticancer drugs were identified as
potential determinants for performing an intervention [52].
In case of potential DDI, it is important to consider the risks
before stopping a treatment and to search for an alternative
if necessary and if possible.

7. Food-drug interactions

Food-drug interactions (FDIs) are for oral anticancer drugs. It
may increase or decrease the systemic exposure of these
drugs. For example, high-fat meals can decrease C,., and
AUC values of afatinib by 50% and 39%, respectively [53]. On
the contrary, high-fat meal increased C,,., and AUC values of
cabozantinib by 41% and 57%, respectively [53]. Furthermore,
grapefruit also increases blood levels of drugs by inhibition of
the hepatic metabolism, exposing patients to dose-related
side effects. Therefore, it is important to give some recom-
mendations and advice to patients taking drugs.

8. Renal transplant patients

Renal transplant is the only ‘treatment’ for HD patients.
However, they are still considered as CKD patients. These
patients are exposed to two more problems: (1) DDI with
immunosuppressive drugs (cyclosporine and tacrolimus) and
(2) renal toxicities of all drugs, including anticancer drugs.

9. Conclusion

Anticancer drugs used in HD patients are a growing concern
as these patients are exposed to an increased risk of cancer
[7]. However, because of their renal condition, oncologists may
be reluctant to treat these patients. It is a fact that most of

EXPERT OPINION ON DRUG METABOLISM & TOXICOLOGY 621

anticancer drugs need dosage adjustment in HD patients and
need a specific timing of administration according to the HD
session. But, specific recommendations [29] and tools [54] to
treat such patients are available.

Finally, it is also important to consider the potential phar-
macodynamic modifications of anticancer drugs, but it seems
that it may potentially concern only the future anticancer
vaccines.

10. Expert opinion

Most drugs require a specific renal management in HD
patients, in terms of drug dosage and time of administration
regarding the HD session. Indeed, the clinical risks for the HD
cancer patients are: (1) developing extra-renal toxicity because
of the increase in drug systemic expositions and (2) having
inefficient drug exposure because of early extensive elimina-
tion throughout dialysis. In order to prevent these two pro-
blems, it is crucial to use the available recommendations and
tools to treat such patients adequately. All kinds of drugs are
concerns, not just anticancer drugs.

10.1. Key findings

HD cancer patients are first of all cancer patients and these
patients deserve to have a treatment. It is important to con-
sider all the potential pharmacokinetic/pharmacodynamic
modifications before treating them with anticancer drugs.
HD is not an absolute contraindication to anticancer drugs in
itself. Despite the fact that each patient and each clinical
context is unique, it is essential to propose an adapted antic-
ancer drug strategy (doses, timing, and monitoring) to HD
patients (whenever possible) rather than contraindicating it
systematically. Unfortunately, the main finding of this work is
that PK/PD clinical data are very rare.

10.2. What do we need?

We clearly need adequate and dedicated studies on end-
stage-renal disease (ESRD) patients. Because it represented
an industrial risk to include such patients, most of the drug
industry excluded CKD patients and more specifically ESRD
patients. However, because of the increasing incidence of
cancer in ESRD patients, physicians are facing the growing
matter of the management of anticancer drugs in these
patients. We need dedicated studies in ESRD patients with
old and new drugs. This includes both pharmacodynamic
and pharmacokinetic studies.

10.3. What is going to happen?

In 2015, the European Medicines Agency (EMA) issued an
updated version of their guidelines to the industry on when
and how to conduct specific trials in CKD patients and is
officially applicable since 1 July 2016. These guidelines empha-
size that such studies should be conducted for drugs whatever
their elimination pathway. They also provide with practical
recommendations, so that studies share a common methodol-
ogy and can provide the same level of information for clinical
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use. Due to the high prevalence of CKD reported in cancer
patients, such studies should be conducted in every new drug
developed in the field of cancer. The EMA specifically stated
that: ‘For drugs that may need to be administered to ESRD
patients undergoing dialysis treatment and where the drug or
active metabolites are likely to be extracted during dialysis to
such an extent that supplementary dosing after dialysis treat-
ment may be required, pharmacokinetic evaluation of the
contribution of dialysis treatment to the elimination of the
drug and potentially active metabolites in ESRD patients is
recommended.” Furthermore, the EMA stated that ‘if a clini-
cally relevant effect on the pharmacokinetics of the drug is
observed in haemodialysis patients, pharmacokinetic studies
should also be considered in subjects on other dialysis regi-
mens such as ambulatory peritoneal dialysis and continuous
renal replacement therapy (CRRT), if the drug is likely to be
used in such patients.’

In other words, the EMA recommended performing clinical
trial in (potentially) all dialysis patients. Unfortunately, these
recommendations are only applicable for new drugs; there-
fore, it will be the duty of all our colleagues, all around the
word, to perform such studies on ESRD patients.
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