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Background: Erythropoiesis-stimulating agent (ESA)-hyporesponsive anemia is common in chronic kidney

disease (CKD). Pentoxifylline shows promise as a treatment for ESA-hyporesponsive anemia, but has not

been rigorously evaluated.

Study Design: Multicenter, double-blind, randomized, controlled trial.

Setting & Participants: 53 adult patients with CKD stage 4 or 5 (including dialysis) and ESA-hyporesponsive

anemia (hemoglobin # 120 g/L and ESA resistance index [calculated as weight-adjusted weekly ESA dose in

IU/kg/wk divided by hemoglobin concentration in g/L] $ 1.0 IU/kg/wk/g/L for erythropoietin-treated patients

and $0.005 mg/kg/wk/g/L for darbepoetin-treated patients).

Interventions: Pentoxifylline (400 mg/d; n 5 26) or matching placebo (control; n 5 27) for 4 months.

Outcomes: Primary outcome: ESA resistance index at 4 months; secondary outcomes: hemoglobin con-

centration, ESA dose, blood transfusion requirement, serum ferritin level and transferrin saturation, C-reactive

protein level, adverse events, quality of life, and health economics.

Results: There was no statistically significant difference in ESA resistance index between the pentoxifylline

and control groups (adjusted mean difference, 20.39 [95% CI, 20.89 to 0.10] IU/kg/wk/g/L; P5 0.1). Pentox-

ifylline significantly increased hemoglobin concentration relative to the control group (adjusted mean difference,

7.6 [95% CI, 1.7-13.5] g/L; P5 0.01). There was no difference in ESA dose between groups (220.8 [95%

CI, 267.2 to 25.7] IU/kg/wk; P5 0.4). No differences in blood transfusion requirements, adverse events, or

quality of life were observed between groups. Pentoxifylline cost A$88.05 (US $82.94) per person over the trial

and produced mean savings in ESA cost of A$1,332 (US $1,255). The overall economic impact over the trial

period was a saving of A$1,244 (US $1,172) per person for the pentoxifylline group compared with controls.

Limitations: Sample size smaller than planned due to slow recruitment.

Conclusions: Pentoxifylline did not significantly modify ESA hyporesponsiveness, but increased hemo-

globin concentration. Further studies are warranted to determine whether pentoxifylline therapy represents a

safe strategy for increasing hemoglobin levels in patients with CKD with ESA-hyporesponsive anemia.
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Anemia, defined as hemoglobin (Hb) concentra-
tion , 120 g/L, is a common complication of

chronic kidney disease (CKD) and has been reported
to occur in more than half of all patients with stage 4
disease (estimated glomerular filtration rate [eGFR],
15-29 mL/min/1.73 m2) and three-quarters of those
with stage 5 disease (eGFR , 15 mL/min/1.73 m2).1

Although the cause is multifactorial, deficient renal
production of erythropoietin is a major factor that can
be treated effectively by administration of erythropoiesis-
stimulating agents (ESAs), including recombinant
human erythropoietin and darbepoetin alfa. Unfortu-
nately, some patients with CKD exhibit ESA hypo-
responsiveness necessitating a high ESA dose, often
with a persistently suboptimal hematologic response.2

Such patients have been shown to be at increased
risk of hospitalization, cardiovascular events, and
mortality.3-6 Strategies for reducing ESA hypores-
ponsiveness include using iron supplementation and
excluding treatable causes of anemia, such as infec-
tion, malignancy, severe hyperparathyroidism, aluminum
overload, vitamin B12 deficiency, folate deficiency,
inadequate dialysis, myelosuppressive agents, mye-
lodysplasia, and antibody-mediated pure red cell
aplasia.2 However, despite implementation of these
strategies, a proportion of patients with CKD remain
hyporesponsive to ESAs, possibly related to inhibi-
tion of erythropoiesis by elevated levels of inflam-
matory cytokines, such as interleukin 6 (IL-6), tumor
necrosis factor a (TNF-a), and interferon g (IFN-g).7

A recent systematic review of interventions for
ESA-hyporesponsive anemia in patients with CKD
was not able to identify a consistently effective ther-
apy and recommended further randomized controlled
trials of novel therapeutic treatments in this area.8 One
such promising agent is pentoxifylline, a medication
commonly used for treatment of peripheral vascular
disease that has shown important anti-inflammatory
properties, including antiapoptotic, antioxidant, anti–
IL-6, anti–TNF-a, and anti–IFN-g actions.9 Seem-
ingly mediated by inhibition of phosphodiesterase,
these actions may in turn decrease hepcidin production,
leading to increased iron release from bone marrow
macrophages and improved availability of iron for
erythropoiesis.10-15 Four small prospective nonran-
domized studies have shown that pentoxifylline might
significantly improve hemoglobin concentrations in
patients with CKD who have ESA-hyporesponsive
anemia.16-19 However, adequate controls were lack-
ing, and the associated potential for selection, observer,
and co-intervention biases further limited these studies.
The primary objective of this multicenter random-

ized controlled trial was to determine whether,
compared with placebo, pentoxifylline resulted in
a reduction in ESA resistance index in patients with
advanced CKD and ESA-hyporesponsive anemia.
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METHODS

Study Oversight

The protocol of the Handling Erythropoietin Resistance With
Oxpentifylline (HERO) trial has been published previously.20 The
study was approved by ethics committees at all participating
centers. All patients provided written informed consent prior to
trial participation, and the trial was conducted in accordance with
the principles of the International Conference on Harmonisation
Good Clinical Practice Guidelines.
The study was designed and supervised by the authors (who

made up the Trial Management Committee) and coordinated
by the Australasian Kidney Trials Network at the University of
Queensland, Brisbane, Australia. Serious adverse events, measures
of study conduct, and implementation by treatment group were
monitored regularly by an independent Data and Safety Moni-
toring Board. Only Data and Safety Monitoring Board members
and statisticians compiling closed-session reports for board meet-
ings had access to unblinded interim data and results. Due to the
short observation period and relatively small number of partici-
pants, no interim efficacy analyses were planned or conducted.

Study Population

The trial included adult patients with CKD stages 4 or 5 (re-
ceiving dialysis treatment or having eGFR , 30 mL/min/1.73 m2)
and ESA-hyporesponsive anemia on a stable dose of either
erythropoietin or darbepoetin for at least 8 weeks. In the original
study protocol, ESA-hyporesponsive anemia was defined as Hb
concentration # 110 g/L for at least 3 months despite erythro-
poietin dose $ 200 IU/kg/wk or darbepoetin dose $ 1 mg/kg/wk
for at least 1 month.20 In March 2010, due to slow recruitment and a
large number of screen failures, the definition of ESA-hyporesponsive
anemia was revised to Hb concentration # 120 g/L and ESA
resistance index (calculated as the weight-adjusted weekly ESA
dose divided by hemoglobin concentration) $ 2 IU/kg/wk/g/L
for erythropoietin-treated patients and $0.01 mg/kg/wk/g/L for
darbepoetin-treated patients. Due to slow recruitment, the defini-
tion of ESA-hyporesponsive anemia was amended further in
February 2011 to Hb concentration criterion # 120 g/L and ESA
resistance index $ 1 IU/kg/wk/g/L for erythropoietin-treated pa-
tients and $0.005 mg/kg/wk/g/L for darbepoetin-treated patients.
The exclusion criteria have been reported previously and are

presented in Item S1 (provided as online supplementary material).20

Briefly, individuals were excluded from the trial if they had a con-
dition that interfered with their ability to understand or comply with
the requirements of the study, a contraindication to pentoxifylline,
an identifiable treatable cause of ESAhyporesponsiveness, or recent
treatment for anemia (other than ESA and iron supplementation).

Randomization and Study Intervention

Participants were randomly assigned in a 1:1 ratio by an
adaptive allocation algorithm designed to minimize imbalance in
treatment groups across 3 variables: study site, CKD stage (4 or 5),
and ESA class (epoetin alfa/beta or darbepoetin) using a password-
protected web-based system. ESA class was added to the adaptive
algorithm after a protocol amendment; 16 participants were ran-
domly assigned prior to this amendment. Participants, treating
physicians, and outcome assessors were blinded to ensure ade-
quate concealment of allocation.
Participants in the experimental arm received pentoxifylline

(Trental; Sanofi-Aventis), 400 mg, daily orally, whereas those in
the control arm received identical matching placebo. Iron sup-
plementation was performed according to local unit protocols.
Vitamin B, folic acid, and vitamin C supplementation were per-
mitted, provided daily doses were kept constant throughout the
study period. Melatonin and androgen therapy were prohibited.
Am J Kidney Dis. 2015;65(1):49-57



Figure 1. Flow chart of patient pro-
gression through the trial. Abbreviation:
LOCF, last observation carried forward.
*Discontinued follow-up.

Pentoxifylline for ESA-Hyporesponsive Anemia
Erythropoietin and darbepoetin doses were not increased during
the study and were decreased only if Hb concentration was
.120 g/L or the rate of Hb level increase was .10 g/L per month.
Blood transfusion was allowed at the treating physician’s discre-
tion. Study medication adherence was assessed at each study visit
by counting the number of pills returned.

Follow-up and Study End Points

The follow-up period was 4 months unless a participant experi-
enced Hb concentration , 65 g/L or required a blood transfusion.
The primary efficacy outcome originally was specified as the

difference in Hb concentrations between the 2 groups at the end of
the 4-month study period, adjusted for baseline values.20 In March
2010, the primary outcome was changed from Hb concentration to
ESA resistance index due to the significantly increased risks of
stroke and thromboembolic events observed in darbepoetin-treated
patients assigned to a higher Hb target in TREAT (Trial to Reduce
Cardiovascular Events With Aranesp Therapy) and the increasing
evidence against the validity of Hb level as a surrogate end
point.21,22 ESA resistance index for darbepoetin-treated patients
was converted to an erythropoietin-equivalent value using a dose
conversion factor of 200:1.23

Secondary outcome variables were: (1) Hb concentration, (2)
ESA dose (either erythropoietin or darbepoetin), (3) blood trans-
fusion rate, (4) adverse event rate, (5) costs, and (6) quality of life.
Hb, serum ferritin, and serum transferrin saturation were measured
at baseline and monthly thereafter over 4 months. Health-related
quality of life was measured by the 36-Item Short Form Health
Survey, administered at baseline and 4 months.24

Costs of ESA treatment during the study were based on the
Australian Pharmaceutical Benefits Scheme schedules for Eprex
(epoetin alfa; Janssen; A$1,057.34 for 5,000 IU 3 6 syringes),
NeoRecormon (epoetin beta; Roche; A$1,057.36 for 5,000 IU 3 6
syringes), and Aranasep (darbepoetin alfa; Amgen; A$1,376.78 for
50 mg 3 4 syringes).25 The cost of pentoxifylline (Trental; Sanofi-
Aventis; 400 mg) used in the trial was based on a cost of A$39.39
for a pack of 50 tablets.26

Statistical Analysis

Results are expressed as frequency (percentage) for categorical
variables, mean 6 standard deviation for continuous normally
Am J Kidney Dis. 2015;65(1):49-57
distributed variables, and median and interquartile range for con-
tinuous non-normally distributed variables. The primary and sec-
ondary efficacy end points were analyzed in accordance with the
intention-to-treat principle. Treatment groups were compared on
ESA resistance index at 4 months, adjusted for baseline ESA
resistance index, using analysis of covariance. Similar analyses
were performed for the secondary outcomes of Hb concentration,
ESA dose, serum ferritin level, and transferrin saturation. The
primary outcome (ESA resistance index) and main secondary out-
comes (Hb concentration and ESA dose) were compared between
treatment groups according to whether baseline serum C-reactive
protein (CRP) concentrations were elevated (.5 vs #5 mg/L).
Treatment by CRP subgroup interactions tests were performed on
each outcome using linear regression. Blood transfusion re-
quirements, adverse drug reactions, and serious adverse events by
treatment group were analyzed using Poisson regression models.
Treatment groups were compared on quality of life (change from
baseline), weekly ESA dose, and total cost of ESA using independent-
samples t tests. Treatment groups were compared on adverse events
using generalized linear models from the binomial family with an
identity link.
The study was designed to have 90% statistical power to detect

a difference in ESA resistance index of 0.6 IU/kg/wk/g/L after 4
months of treatment, assuming a population standard deviation of
0.7 IU/kg/wk/g/L and a 5 0.05. The difference of 0.6 represented
20% of an assumed ESA resistance index of 3.1 IU/kg/wk/g/L for
the control group, based on an audit of hemodialysis and perito-
neal dialysis patients at Princess Alexandra Hospital, Central
Northern Adelaide, and Renal Transplant Service and the pub-
lished literature.16,19 Estimated sample size was 30 per group.
After adjustment for 20% treatment nonadherence and 5%
dropout, the final sample size was estimated to be 55 per group
(rounded up by 5 per group, 110 in total). Commencing June 12,
2009, it initially was anticipated that trial recruitment would be
completed by December 31, 2011, with final follow-up completed
by April 30, 2012. As of August 12, 2012, a total of 53 patients
had been recruited into the study, accounting for 48% of the target.
A decision was made by the Trial Management Committee to halt
further recruitment on the basis of poor feasibility (ie, insufficient
recruitment rate to reach projected target within a reasonable time
frame considering trial logistics and funding).
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Table 1. Baseline Characteristics by Treatment Group

Control

(n 5 27)

Pentoxifylline

(n 5 26)

Age (y) 65.1 6 16.3 59.2 6 14.7

Male sex 10 (37%) 14 (54%)

Ethnicity

White 20 (74%) 23 (88%)

Aboriginal or Torres Strait

Islander

1 (4%) 0 (0%)

Maori or Pacific Islander 1 (4%) 0 (0%)

Asian 2 (7%) 3 (12%)

Other 3 (11%) 0 (0%)

Cause of kidney diseasea

Diabetes 9 (34.6%) 12 (46.2%)

Glomerulonephritis 4 (15.4%) 3 (11.5%)

Analgesic nephropathy 1 (3.8%) 0 (0%)

Polycystic kidney disease 3 (11.5%) 0 (0%)

Reflux nephropathy 1 (3.8%) 2 (7.7%)

Renovascular disease 2 (7.7%) 0 (0%)

Other 6 (23.1%) 9 (34.6%)

CKD stagea

Stage 4 1 (4%) 0 (0%)

Stage 5 25 (96%) 26 (100%)

Dialysis modalitya

Hemodialysis 25 (96%) 25 (96%)

Peritoneal dialysis 0 (0%) 1 (4%)

Body mass index (kg/m2) 29.36 6.7 29.56 6.6

Obese: BMI $ 30 kg/m2 10 (37%) 10 (38%)

Systolic blood pressure

(mm Hg)a
1466 22 1416 24

Diastolic blood pressure

(mm Hg)a
69 6 15 72 6 16

Smoking statusa

Never 11 (42%) 12 (46%)

Former 13 (50%) 11 (42%)

Current 2 (8%) 3 (12%)

Diabetes mellitusb 11 (58%) 14 (70%)

Ischemic heart diseaseb 9 (47%) 9 (45%)

Congestive heart failureb 5 (26%) 3 (15%)

Cerebrovascular diseaseb 2 (11%) 2 (10%)

Peripheral vascular diseaseb 5 (26%) 5 (25%)

Hemoglobin (g/L) 1066 12 1066 10

Mean cellular volume (fL) 94.36 8.0 95.16 5.2

Reticulocyte count (109/L) 68 6 35 63 6 27

Serum albumin (g/L)a 356 4 35 6 5

Serum ferritin (mg/L) 481 [298-734] 492 [333-594]

CRP (mg/L) 10 [3-32] 13 [3-23]

Table 1 (Cont’d). Baseline Characteristics by Treatment Group

Control

(n 5 27)

Pentoxifylline

(n 5 26)

ESA type

Darbepoetin 9 (33%) 9 (35%)

Erythropoietin a or b 18 (67%) 17 (65%)

ESA dose (IU/kg/wk)c 225 [188-300] 247 [136-305]

ERI (IU/kg/wk/g/L) 2.38 6 0.94 2.36 6 1.09

Note: Values for categorical variables are given as number

(percentage); values for continuous variables are given as

mean6 standard deviation or median [interquartile range].

Abbreviations: BMI, body mass index; CKD, chronic kidney

disease; CRP, C-reactive protein; ERI, erythropoiesis-stimulating

agent resistance index; ESA, erythropoiesis-stimulating agent.
aOne missing value in the control group.
bEight missing values in the control group and 6 missing

values in the pentoxifylline group.
cPatients on darbepoetin therapy were converted to an

erythropoietin-equivalent dose using a conversion factor of 200:1.

Johnson et al
RESULTS

Patients

Fifty-three patients were randomly assigned to re-
ceive either pentoxifylline (n 5 26) or placebo (con-
trol; n 5 27; Fig 1). Baseline characteristics are listed
in Table 1. Only one (1.9%) randomly assigned pa-
tient was not on dialysis therapy.
52
Primary Outcome

Mean ESA resistance index values at the end of the
4-month study period were 15% lower in the pen-
toxifylline group compared with controls (adjusted
mean difference, 20.39 [95% confidence interval
[CI], 20.89 to 0.10] IU/kg/wk/g/L; P5 0.1), although
the difference was not statistically significant (Table 2).

Secondary Outcomes

Mean Hb concentration at the end of the 4-month
study period was significantly higher in the pentox-
ifylline group compared with controls, after adjust-
ment for baseline values (adjusted mean difference,
7.6 [95% CI, 1.7-13.5] g/L; P 5 0.01; Table 2).
Mean ESA dose at the end of the 4-month study

period was 8% lower in the pentoxifylline group
compared with controls (adjusted mean differ-
ence, 220.8 [95% CI, 267.2 to 25.7] IU/kg/wk;
P 5 0.4), although the difference was not statistically
significant (Table 2).
No significant differences were observed between

the 2 groups with respect to serum ferritin level
(Table 2) or serum transferrin saturation (Table 2).
Blood transfusions were administered to 2 patients

in the pentoxifylline group and one control patient
(incidence rate ratio, 2.12; 95% CI, 0.20-22.01;
P 5 0.5; Table S1).
Treatment adherence was assessed by pill count at

each study visit. Twenty-two of 26 (85%) pentox-
ifylline participants and 18 of 27 (67%) control par-
ticipants were fully adherent throughout the study
(P 5 0.1).

Quality of Life

Quality-of-life results were available for 26 study
participants (pentoxifylline, n 5 11; control, n 5 15).
Am J Kidney Dis. 2015;65(1):49-57



Table 2. Primary and Secondary Outcomes at 4 Months by Treatment Group

Outcome Control (n 5 27) Pentoxifylline (n 5 26) Differencea (95% CI) P

ERI (IU/kg/wk/g/L)b 2.60 2.21 20.39 (20.89 to 0.10) 0.1

Hemoglobin (g/L) 103.2 110.9 7.6 (1.7 to 13.5) 0.01

ESA dose (IU/kg/wk)b 261.2 240.4 220.8 (267.2 to 25.7) 0.4

Serum ferritin (mg/L) 543 471 272 (2215 to 72) 0.3

Serum transferrin saturation (%) 24.5 25.7 1.2 (23.9 to 6.2) 0.7

Note: Outcomes adjusted for baseline values.

Abbreviations: CI, confidence interval; ERI, erythropoiesis-stimulating agent resistance index; ESA, erythropoiesis-stimulating

agent.
aDifference5 pentoxifylline 2 control.
bPatients on darbepoetin therapy were converted to an erythropoietin-equivalent dose using a conversion factor of 200:1.

Pentoxifylline for ESA-Hyporesponsive Anemia
Mean change in health-related quality of life from
baseline to the end of the 4-month study period was
0.046 0.11 in the pentoxifylline group and 0.056 0.09
in the control group (between-group difference, 20.01;
[95% CI, 20.09 to 0.07]; P5 0.8).

Costs

Mean length of treatment was 111.8 6 26.4 days
for the pentoxifylline group and 116.3 6 21.5 days
for the control group. There were 6 patients in the
pentoxifylline group who stopped treatment early
compared with 3 patients in the control group. If all
patients were to have received the full dose for the
full 4 months, the cost would have been a mean of
A$95.92 (US $90.36) per patient.
The weekly ESA dose was nonsignificantly higher

in the control group than in the pentoxifylline group
during the 4 months of the trial (P 5 0.3; Table 3).
The cost of ESAs also was not statistically signifi-
cantly higher in the control group at a mean total of
A$12,437 (US $11,716) over 4 months compared to a
mean total of A$11,105 (US $10,461) in the pen-
toxifylline group, a difference of A$1,332 (P 5 0.4;
Table 3).
Table 3. Doses and Costs of ESA by Treatment Group

Control

(n 5 27)

Pentoxifylline

(n 5 26)

Dose of ESA (IU/kg/wk) 2666 103 2376 116

Cost of ESA for 4 mo

A$ 12,4376 5,798 11,1056 5,059

US $a 11,7166 5,462 10,4616 4,766

Note: Values are given as mean6 standard deviation. Darbe-

poetin dose is converted to erythropoietin equivalent by multi-

plying by 200. Cost per unit of dose was calculated and applied

to trial doses. Costs were taken from the Pharmaceutical Benefits

Scheme schedule for Eprex 5000 (A$1,057.34 for 5,000 IU3 6

syringes), NeoRecormon 5000 (A$1,057.36 for 5,000 IU3 6 sy-

ringes) and Aranesp 50 (A$1,376.78 for 50 mg3 4 syringes).25

Abbreviation: ESA, erythropoiesis-stimulating agent.
aCurrency conversion from A$ to US $ was based on a rate on

November 19, 2013, of 0.942 (www.xe.com/currencytables/?

from5AUD&date52013-11-19).

Am J Kidney Dis. 2015;65(1):49-57
Considering the costs of treatment (pentoxifylline)
and costs of the resulting ESA dose, the intervention
group had cost savings of A$1,244 (US $1,172) per
person over the 4 months of the trial. This was driven
largely by the reduction in cost of ESAs for the
pentoxifylline group.

Exploratory Analyses

No significant differences in ESA resistance index,
Hb concentration, ESA dose, serum ferritin level, or
serum transferrin saturation were observed at the end
of the 4-month study period between the 2 treatment
groups according to whether baseline serum CRP
level was elevated (Table 4). No significant in-
teractions were observed for treatment group by CRP
subgroup on any of the outcomes (Table 4).

Adverse Events

There were 31 serious adverse events in total, with
no significant differences between the pentoxifylline
and control groups in total serious adverse events
(Table 5; Table S1), type of serious adverse event
(Table 5), or serious adverse event body system
(Table 5). One serious adverse event in the pentox-
ifylline group was thought by the investigator to be
possibly related to study medication (patient hospi-
talized with anemia, lower respiratory tract infection,
and pulmonary venous congestion). Two adverse drug
reactions were reported during the 4-month study period
in each of the pentoxifylline and control groups (inci-
dence rate ratio, 1.06; 95% CI, 0.16-6.99; P5 0.9).
Two of the 4 adverse drug reactions were classified as
severe and the patient ceased study medication use, one
in the pentoxifylline group (decreased appetite, nausea,
vomiting, indigestion, and dizziness) and one in the
control group (severe abdominal pain and headaches).

DISCUSSION

This study demonstrated that when compared to
matched placebo, oral administration of pentoxifylline
in a dose of 400 mg daily did not result in a significant
change in the primary outcome of ESA resistance
53
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Table 4. Effect of Treatment on ERI, ESA Dose, Hemoglobin Concentration, Serum Ferritin Level, and Serum Transferrin Saturation

for CRP Subgroups

Control (n 5 27) Pentoxifylline (n 5 26) Difference (95% CI) Pa

CRP# 5 mg/L (n5 9) (n5 9)

ERI (IU/kg/wk/g/L) 2.16 1.65 20.50 (21.51 to 0.51) 0.3

Dose of ESA (IU/kg/wk) 213.09 187.57 225.5 (2109 to 57.79) 0.5

Hemoglobin (g/L) 104.42 115.47 11.05 (22.01 to 24.11) 0.09

Serum ferritin (mg/L) 583.38 455.87 2128 (2452 to 197.1) 0.4

Serum transferrin saturation (%) 30.12 26.76 23.36 (216.4 to 9.68) 0.6

CRP . 5 mg/L (n5 18) (n5 17)

ERI (IU/kg/wk/g/L) 2.83 2.49 20.35 (20.96 to 0.26) 0.3

Dose of ESA (IU/kg/wk) 286.25 267.27 219.0 (278.9 to 40.98) 0.5

Hemoglobin (g/L) 102.54 108.55 6.01 (20.57 to 12.59) 0.07

Serum ferritin (mg/L) 510.49 493.07 217.4 (2183 to 148.1) 0.8

Serum transferrin saturation (%) 22.72 24.35 1.63 (23.76 to 7.01) 0.5

Note: Difference5 pentoxifylline 2 control.

Abbreviations: CI, confidence interval; CRP, C-reactive protein; ERI, erythropoiesis-stimulating agent resistance index; ESA,

erythropoiesis-stimulating agent.
aTreatment group by CRP subgroup interaction test P values for each outcome were: ERI (P5 0.8); hemoglobin concentration

(P 5 0.6); ESA dose (P 5 0.1); serum ferritin level (P 5 0.4); serum transferrin saturation (P5 0.7).
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index, but significantly increased Hb concentration by
7.6 g/L. Treatment with pentoxifylline resulted in cost
savings of wA$3,000 (w US $2,800) per annum as a
result of the 8% reduction in ESA dose, although
results did not reach statistical significance. No sig-
nificant differences were observed between the pen-
toxifylline and control groups with respect to the
other secondary outcome measures of blood
Table 5. Serious Adverse Ev

Total

Events

Control

(n 5 27)

Any SAE 31a 10 (37)

Death 0 0 (0)

Life-threatening events 0 0 (0)

Initial or prolonged hospitalization 30 10 (37)

Disability 0 0 (0)

Congenital abnormality 0 0 (0)

Important medical event 1 0 (0)

SAEs by systemb

Cardiovascular 3 1 (4)

Central nervous system 1 0 (0)

Diabetes, endocrine, reproductive 0 0 (0)

Gastrointestinal 2 2 (7)

Hematologic 2 1 (4)

Hepatic 1 1 (4)

Musculoskeletal 4 0 (0)

Other 4 2 (7)

Renal dialysis complication 11 5 (19)

Respiratory 3 1 (4)

Note: Unless otherwise indicated, values are given as number or

Abbreviations: CI, confidence interval; SAE, serious adverse even
aThere were 18 events in the control group and 13 in the pentoxif
bTen control and 8 pentoxifylline participants had at least one eve

ceeds the number of participants with at least one event because so

different body systems.

54
transfusions, serum ferritin level, serum transferrin
saturation, quality of life, and adverse events.
These results contrast to those of a randomized

controlled trial reported by Mortazavi et al27 in which
25 anemic hemodialysis patients treated with pen-
toxifylline, 400 mg, daily exhibited similar Hb con-
centrations after 6 months compared with 25 controls
receiving placebo (106 6 14 vs 101 6 17 g/L,
ents by Treatment Group

Pentoxifylline

(n 5 26)

% Difference in Proportions

(95% CI) P

8 (31) 26.3% (231.1% to 19.2%) 0.6

0 (0) — —
0 (0) — —
8 (31) 26.3% (231.1% to 19.2%) 0.6

0 (0) — —
0 (0) — —
1 (4) 4% —

1 (4) 0.1% (212.6% to 13.2%) 0.9

1 (4) 3.8% (3.8% to 3.8%) —
0 (0) 20.0% (20.0% to 20.0%) —
0 (0) 27.4% (27.4% to 27.4%) —
1 (4) 0.1% (212.6% to 13.2%) 0.9

0 (0) 23.7% (23.7% to 23.7%) —
3 (12) 11.5% (11.5% to 11.5%) —
2 (8) 0.3% (215.5% to 16.4%) 0.9

2 (8) 210.8% (229.9% to 7.7%) 0.2

2 (8) 4.0% (29.8% to 19.2%) 0.5

number (percentage).

t.

ylline group.

nt. Summing across body systems within a treatment group ex-

me participants had 2 or more events that were classified under

Am J Kidney Dis. 2015;65(1):49-57
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respectively; P 5 0.3). Unfortunately, ESA resistance
index was not examined by the investigators. Although
the trial was of similar size to the present investigation,
the lack of a significant increase in Hb concentration
in the former study may have been because recruited
patients did not have to be ESA hyporesponsive to
participate. It was not clear that all participants were
even receiving ESA therapy given that this was not
listed as an inclusion criterion for the trial. Moreover,
end-of-study Hb levels were compared by t test
without adjustment for baseline values, as occurred in
the current study. Although there were no significant
differences between groups with respect to age, sex,
or kidney disease cause, it is not known how well
matched the groups were otherwise because addi-
tional baseline characteristics were not presented. It
therefore is possible that there may have been an
imbalance in patient characteristics that potentially
blunted the effect of pentoxifylline, given that
methods of randomization and allocation concealment
were not reported in the article.
In contrast, 4 previous nonrandomized studies

showed improvement in Hb concentrations with
pentoxifylline in patients with non–dialysis-dependent
or dialysis-dependent CKD.16-19 Furthermore, Cooper
et al16 reported significant reductions in ex vivo T-cell
expression of TNF-a and IFN-g. Both these pro-
inflammatory cytokines have been shown to be upre-
gulated in patients with ESA hyporesponsiveness and
to inhibit erythropoiesis.28 A significant decrease in
serum TNF-a concentrations was reported by Navarro
et al,19 but not by Mohammadpour et al.18 Another
study reported a significant reduction in serum IL-6
concentrations with pentoxifylline.17 Although these
studies suggested that pentoxifylline may increase
Hb levels in patients with CKD through inhibition of
proinflammatory cytokines, no difference in hemato-
logic response was observed between HERO trial
participants according to whether serum CRP level
was elevated. This was a prespecified exploratory
analysis of the HERO trial because some studies have
reported an association between levels of this inflam-
matory marker and ESA hyporesponsiveness,29,30

whereas another study was unable to confirm this.31

The strengths of this study include its robust
design, involvement of multiple centers, analysis of
results according to a prespecified statistical analy-
sis plan to mitigate reporting bias, and inclusion of
quality-of-life and health economic analyses. These
strengths should be balanced against the trial’s limi-
tations, the main one of which was recruitment to
only 48% of the intended target. This resulted in the
trial being inadequately powered to detect the pre-
specified clinically meaningful difference in ESA
resistance index of 20%. However, it should be noted
that the observed difference in ESA resistance index
Am J Kidney Dis. 2015;65(1):49-57
between the intervention and control groups was only
15%. Interestingly, if the original primary outcome of
the study, Hb concentration, had been unchanged,
results of the current study would have been consid-
ered in favor of pentoxifylline. Although pentoxifyl-
line was well tolerated in this study, the small sample
size limited adequate evaluation of the safety of
increasing Hb levels with this agent in patients with
CKD. Another limitation was the variable nature of
the dose conversion factor between erythropoietin and
darbepoetin, which can differ appreciably from the
200:1 ratio used in this study, particularly in the
setting of ESA hyporesponsiveness.32

The study also highlights the challenges in timely
recruitment of participants due to the stringent in-
clusion criteria resulting in an extremely high screen
failure rate of 93%. An alternate study design
involving ESA-hyporesponsive and ESA-sensitive
patients with CKD would enable more timely partic-
ipant recruitment in the trial and determine whether
pentoxifylline can be used as an adjunct therapy to
ESA by improving ESA responsiveness. The study
did not include participants of black ethnicity.
Therefore, results may not be generalizable to African
American and other black patients with CKD, groups
with greater ESA hyporesponsiveness.33

In conclusion, pentoxifylline did not significantly
modify the primary outcome measure of ESA resis-
tance index, but significantly increased Hb concen-
tration. Further research in this area is warranted.
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