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Predictors of erythropoietin response in nondiabetic end-stage
renal-disease patients on hemodialysis
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Background

Erythropoietin (EPO) resistance is an essential health problem in end-stage renal-disease
patients as it is associated with increased mortality. Despite combined intravenous iron
usage, anemia exists substantially in the majority of patients, indicating the presence of other
pathophysiological mechanisms such as inflammation that could lead to EPO resistance.
Objectives

To evaluate neutrophil-lymphocytic ratio (NLR) and platelet-lymphocytic ratio (PLR) as possible
predictors of EPO resistance in nondiabetic patients on hemodialysis (HD).

Patients and methods

Fifty patients aged from 18 to 70 years old were diagnosed as end-stage renal disease and
on HD regularly for more than 6 months and are receiving EPO therapy for at least more
than 2 months. EPO dosing and intravenous iron supplementations given to HD patients
and response assessment were following the 2012 Kidney Disease Improving Global
Outcome guidelines. EPO resistance was assessed using EPO-stimulating agent (ESA)
hyporesponsiveness index (EHRI), calculated as EPO weekly dose divided by body weight (kg)
divided by hemoglobin level (Hb) and correlation with NLR, PLR, and C-reactive protein (CRP)
was analyzed. EPO hyporesponsiveness (nonresponders) was diagnosed when we need to
increase ESA doses up to 50% higher than the dose at which they were stable to maintain
a steady Hb concentration after the first month of EPO treatment on weight-based dosing or
after treatment with continuous EPO doses.

Results

Nonresponders to EPO had significantly higher EHRI, NLR, PLR, and CRP in comparison with
responders. EHRI had a weak positive correlation with NLR (r = 0.18, P = 0.20), whereas it
had a strong positive correlation with PLR (r=0.65, P=0.001). PLR at the cutoff point <116.5
has 90% sensitivity and 70% specificity for prediction of response to EPO therapy with overall
accuracy that was 82% ( area under curve [AUC]=0.79).

Conclusion

Inflammation is a major contributor in EPO resistance. CRP and PLR could represent cheap
and simple parameters to predict response to EPO therapy in nondiabetic HD patients.
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Introduction

complications of iron overload, transmission of
blood-borne infections, and cardiac complications [3].

Anemia is a frequently seen complication in end-stage
renal disease (ESRD) due to loss of kidney function.
Severe anemia has deleterious effects on health
as it increases cardiovascular and mortality risk in
hemodialysis patients [1]. Anemia is defined as
hemoglobin values less than 13.0 g/dl in males and
12.0 g/dl in females in patients with chronic kidney
disease (CKD) aged >15 years by the Kidney Disease
Improving Global Outcome (KDIGO) group [2].

Human recombinant erythropoietin (EPO) has
become the standard of care for anemia in individuals
with chronic renal disease since its debut. The drug
decreased the need for blood transfusion, thus reducing

© 2022 Journal of Current Medical Research and Practice | Published by Wolters Kluwer - Medknow

EPO resistance is defined as failure to achieve target
hemoglobin in individuals receiving more than
300 IU/kg/week of EPO or those who require such
large doses to achieve goal levels [1,2].

Many factors are responsible for EPO resistance in CKD

patients in the presence of sufficient iron stores such as
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inflammation,inadequate dialysis,infection, malnutrition,
and hyperparathyroidism. Investigating predictors of
EPO resistance related to those factors is running by
several studies [3]. EPO-stimulating agent (ESA)
hyporesponsiveness index (EHRI) is an effective method
for evaluation of EPO hyporesponsiveness, and it is
calculated by dividing the dose of EPO/week by the body
weight in kilograms divided by hemoglobin (Hb) [4].

Total leukocytic count and platelets give a crude
and sensitive assessment of inflaimmatory status.
The platelet-lymphocyte ratio (PLR) and the
neutrophil-lymphocyte ratio (NLR) are markers of
systemic inflammation and are considered as prognostic
factors for many diseases such as inflammatory diseases,
cardiovascular diseases, and cancer [5-8].

This study evaluates the correlation of NLR and
PLR with EHRI and identifies their potential as
possible predictors of EPO response in nondiabetic
hemodialysis patients.

Patients and methods

This is a cross-section study conducted at the
Hemodialysis Unit of Assiut University Hospital
between May 2018 and May 2019. In total, 50 ESRD
adult patients on regular hemodialysis thrice weekly
for more than 6 months were recruited as they were
receiving EPO therapy in a dose of 20 000 IU per week
for at least 2 months. Erythropoiesis-stimulating agent
used in all patients was Epoetin alfa. EPO dosing
and intravenous iron supplementations given to HD

patients were following the 2012 KDIGO guidelines.

This study was approved by the Medical Ethical
Committee, Faculty of Medicine, Assiut University,
and it was conducted according to the provisions of the
Declaration of Helsinki Approval number: 17101209.
Informed consent was obtained from the participants
before participation.

Diabetes, hepatitis B or C infection, acute disease,
bleeding within 2 months, iron deficiency (serum
ferritin values less than 30 ng/ml suggest iron
deficiency according to KDIGO anemia guidelines),
overt infection or inflammation, history of hospital
admission within the last 3 months, history of blood
transfusion within the last 3 months, and hematologic
malignancy are all exclusion criteria.

'The patients were given a complete medical history and
a comprehensive clinical examination. Lab parameters
at the start were done as routine investigation in Assiut
University Hospitals. Laboratories including complete
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blood count, ferritin, serum iron, albumin, calcium,
hepatitis B and C markers, phosphorus, the levels of
parathyroid hormone, C-reactive protein (CRP), serum
creatinine, and blood urea nitrogen (BUN) were all
measured. The NLR was determined by dividing the
total number of neutrophils by the total number of
lymphocytes. Platelet count separated by lymphocytic
countyielded the PLR (absolute). The target hemoglobin
of 11 gm/dl was used to determine response and
patients with EPO resistance need to increase EPO up
to 50% higher than the dose at which they were stable
to maintain a stable Hb concentration after 1 month of
EPO therapy on weight-based dosing or after using high
doses of EPO to maintain a stable Hb concentration [2].
EHRI was calculated by dividing the dose of weekly
EPO by body weight in kilograms divided by Hb [9].

Statistical analysis

SPSS was used to examine the data (Statistical Package
for the Social Science, version 20). Nominal data were
reported as a percentage, whereas continuous data were
given as a mean or median. The )* test was used to
compare the nominal data of the different groups in
the study, and the Student #-test was used to analyze
the mean of two different groups. The independent risk
factors for EPO-treatment response were identified
using multivariate regression analysis. The association
between EHRI and NLR and PLR was determined
using the Pearson correlation. The diagnostic accuracy
of NLR and PLR in predicting EPO responsiveness
was assessed using an ROC curve. The level of
confidence was preserved at 95%, and the P value was
considered significant if it was less than 0.05.

Results

'The mean age of all patients was 45.46 + 15.88 years
and 50% were males. Mean duration of hemodialysis
was 5.67 * 2.45 years in all patients. The most frequent
cause of ESRD was chronic glomerulonephritis in
35 (70%) patients (8 patients had past history of
schistosomiasis, and 27 had undetermined causes).
Other causes are hypertension (12%), obstructive

uropathy (12%), and polycystic kidney disease (6%).

EPO given forallenrolled patients ({HUEPO,SEDICO

Pharmaceutical Company) was 100 IU/kg/week,

subcutaneous injection, after 1 month of treatment and

according to Hb level with cutoft point 11, we have

two groups:

(1) Responders included 30 patients in whom Hb
level was above 11 gm/dL

(2) Nonresponders included 20 patients in whom Hb
level was below 11 gm/dL
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Baseline laboratory data of the studied groups are shown

in Table 1. Both groups of patients, either responders

or nonresponders, had insignificant differences as
regarding baseline data with exception of:

(1) Responders had significantly higher
Hb (12.01+1.50vs.9.37+1.30 g/dl, P< 0.001) and
hematocrit values (36.73 + 6.17 vs. 31.93 + 3.58%,
P < 0.001) in comparison with nonresponders.

(2) CRPwassignificantlyhigheramongnonresponders
compared with responders (12.75 =+ 3.83 vs.
9.20 + 4.51 mg/dl, P < 0.001).

Table 2 shows NLR, PLR, and EHRI in studied

patients. It was noticed that

(1) NLR was significantly higher in
nonresponders (2.29 + 0.88 vs. 1.83 = 0.75,
P = 0.04). Also, PLR was significantly higher in
nonresponders (151.17 + 84.03 vs. 84.45 + 26.66,
P<0.001).

(2) Nonresponders had significantly higher EHRI
in comparison with responders (11.13 + 2.95 vs.

7.93 +3.51, P< 0.001).

Table 3 shows that EHRI had no correlation with
NLR, whereas it showed significant correlation with

PLR (r=0.65 and P < 0.001) (Fig. 1).

Based on the current study, NLR <2.7 has 87%
sensitivity and 40% specificity for prediction of EPO

Table 1 Baseline laboratory data in the studied groups

response with accuracy 68%, whereas PLR <116.5 has
90% sensitivity and 70% specificity for prediction of
EPO response with overall accuracy that was 82%,

AUC =0.79 (Fig. 2).

In multivariate regression analysis for prediction
of EPO response [Table 4], the only predictor for
response to EPO therapy was PLR (odds ratio = 2.11,
95% confidence interval = 1.23-4.55, P < 0.001) with
adjusted R? 0.44.

Discussion

Management of anemia in ESRD is challenging for
both hematologists and nephrologists. EPO resistance
represents a major health issue in such disease
population. Several factors other than iron deficiency
can be associated with EPO hyporesponsiveness in
dialysis patients [10]. The current study demonstrates
that inflammation is a major contributor for EPO
resistance in nondiabetic HD patients with higher
inflammatory indices such as CRP, NLR, and PLR

reported in nonresponders.

In our study, age, and sex were not predictive of
EPO resistance. In a comparative study of Adult and
Pediatric Dialysis Cohorts 2009, EPO was required

more in younger ages due to higher inflammatory

Variable Responders (n=30) Nonresponders (n=20) P
Age in years 41+2.5 45+3.5 0.23
Sex, female, N (%) 14 (46.6) 11 (55) 0.43
CBC
Hemoglobin (g/dl) 8.78+1.20 9.32+1.50 0.34
Hematocrit value (%) 30.84+4.65 31.25+5.03 0.40
Hemoglobin (g/dl)? after a month 12.01+1.50 9.37+1.30 <0.001
Hematocrit value (%)? after a month 36.73+6.17 31.93+3.58 <0.001
MCV (fl) 97.16+26.29 87.45+13.88 0.13
MCH (g/dl) 27.85+4.75 28.50+1.39 0.55
Platelets (x10%1) 180.30+60.79 188.75+58.23 0.62
Leukocytes (x10%1) 6.33+1.67 5.38+1.06 0.20
Neutrophils (x10%/1) 3.73+0.84 3.78+0.86 0.84
Lymphocytes (x10%1) 1.96+0.75 1.99+0.77 0.87
KFTs
Urea (mmol/l) 89.33+52.07 96.85+61.36 0.64
Creatinine (mmol/l) 945.16+199.84 932.15+269.90 0.17
Calcium*2 (mg/dl) 8.61+0.55 8.61+0.69 0.99
Phosphorus** (mg/dl) 5.36+2.13 5.01+1.68 0.53
Parathormone (pg/ml) 600.63+287.54 532.15+£363.56 0.46
Albumin (mg/dl) 40.43+2.48 37.16+8.43 0.06
Iron studies
Serum iron (pg/dl) 120.93+35.16 112.35+32.36 0.38
Serum ferritin (mg/l) 3986.16+987.56 3736.01+888.56 0.72
TIBC (pg/dl) 259.30+89.56 235.25+48.06 0.46
CRP (mg/dl) 9.20 + 4.51 12.75 + 3.83 <0.001

Data are presented as a mean (SD). CBC, full blood-image CRP stands for C-reactive protein; KFTs, kidney-function tests; MCH, mean
corpuscular hemoglobin; MCV, mean corpuscular volume; TIBC, Total iron binding capacity. 2After 1 month of EPO therapy. P value was

important if 0.05.
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Figure 2
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Correlation of erythropoietin-stimulating agent hyporesponsiveness
index with platelet-lymphocytic ratio.

Table 2 NLR, PLR, and EHRI in enrolled patients

Variable Responders (n=30) Nonresponders (n=20) P
NLR 1.83+0.75 2.29+0.88 0.04
PLR 84.45+26.66 151.17+84.03 <0.001
EHRI 7.93 + 3.51 11.13 £ 2.95 <0.001

Mean is used to represent data (SD). If the P value was less than
0.05, the result was statistically significant. EHRI, erythropoietin
hyporesponsiveness index; NLR, neutrophil/lymphocyte ratio;
PLR, platelet/lymphocyte ratio.

Table 3 Correlation of EHRI with NLR and PLR

r P
NLR 0.18 0.20
PLR 0.65 <0.001

Data are expressed in terms of r (correlation strength) and

P (significance of correlation). If the P value was less than 0.05,
the result was considered meaningful. EHRI, erythropoietin
hyporesponsiveness index; NLR, neutrophil/lymphocyte ratio;
PLR, platelet/lymphocyte ratio.

Table 4 Univariate and multivariate regression analysis for
prediction of response

Univariate regression
analysis

OR (95% Cl) P
Male sex 0.22 (0.11-0.49) 0.11

Multivariate regression
analysis

OR (95% Cl) P

CRP 0.55 (0.22-1.11) 0.22
NLR 1.22 (0.99-1.44) 0.09
PLR 1.99 (1.54-3.33) 0.0  2.11(1.23-455)  <0.001

P value was significant if <0.05. ClI, confidence interval; CRP,
C-reactive protein; NLR, neutrophil/lymphocyte ratio; OR,
odds ratio; PLR, platelet/lymphocyte ratio.

stress, nutritional deficits, and disproportionate
blood loss. Adult females have greater need of EPO
may be due to iron deficiency with menstrual cycles
or androgenic erythropoiesis stimulation in males.
However Beati ef al. (2011) and Schneider e£ al. (2013)
found that male sex was identified as one of the clinical
parameters for EPO resistance [13, 14, 15].

The present research showed CRP levels to be
considerably greater in nonresponders than in

responders. Patients with high CRP levels had a rapid

Sensitivity

10 — - NLR
5 — PLR

PP 0 P00 Y0 1 POV POV PR PPN TSN PR 1P PV 10N PP P Yt PO
0 10 20 30 40 50 60 70 80 90 100

100-Specificity

Diagnostic accuracy of neutrophil-lymphocytic ratio and platelet-
lymphocytic ratio for prediction of erythropoietin response.

decline in hemoglobin levels and increased EPO doses,
which results in an increase in EPO hyporesponsiveness,
according to the Dialysis Outcomes and Practice
Patterns Study, which analyzed 12 389 hemodialysis
patients between 2009 and 2018.

'This report demonstrated that nonresponders had a
considerably higher NLR and much greater PLR.
In comparison with responders, nonresponders had
a considerably higher EHRI that showed negligible
connection with NLR, despite having a strong
positive connection with PLR. Some reports showed
NLR and PLR to be correlated with EPO resistance
in HD patients; however, ESRD in such studied
cohorts was mainly due to diabetic nephropathy. In
concurrent with our findings, Taymez ez a/. (2016)
found that logarithmically converted EHRI was
only connected with Hb (»=-0.381, P = 0.0001)
and PLR (» = 0.227, P = 0.021), but not with NLR.
Antihypertensive medicine use and PLR were

found to be independent factors of logarithmically
converted EHRI [16, 17].

In a study of inflammation in ESRD patients,
Turkmen ez al. (2013) found a relation between NLR
and PLR with tumor-necrosis factor (TNF) and
interleukin (IL)-6 and showed that this was a part of
inflammation. They also concluded that PLR was a
better marker for inflammation than NLR [18].

Moreover, in a study by Jerome ez al. (2017), a positive
correlation between NLR and CRP was found (HD:
r=0.47, P < 0.001), whereas it was inversely correlated
with albumin (=-0.51, P< 0.001). However, high NLR
was associated with a nonsignificant increased ERI.
Again, in a large cohort study 2017 from the United
States, NLR but not PLR, was beneficial in predicting
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mortality in those patients along with demographics,
comorbidities, and serum albumin [19, 20].

Recently, Shah ez /. (2020) found that in patients with
ESRD not on dialysis,both PLR and NLR were higher
in those with high sensitive-CRP levels (>3 mg/l),
compared with patients with low—high sensitive—-CRP
levels (<3 mg/l) and were both positively correlated
with high sensitive-CRP (rs = 0.377, P = 0.000 for
NLR; s = 0.161, P = 0.001 for PLR).

Li ez al. (2020) recognized that NLR or PLR with a
cutoff value of 5.07 or 163.80 that indicated sensitivity
and specificity were 65.67 and 66.37% (AUC = 0.69)
or 57.21 and 57.52% (AUC = 0.55), respectively. This
is quite similar to our study, where we found that NLR
at the cutoff point <2.7 has 87% sensitivity and 40%
specificity for prediction of response to EPO therapy
with overall accuracy that was 68%, whereas PLR at
the cutoff point <116.5 has 90% sensitivity and 70%
specificity for prediction of response to EPO therapy
with overall accuracy that was 82% [21].

EPO resistance is linked to inflammation in
hemodialysis patients, that causes elevated amounts
of IL-1,6, interferon-gamma, and TNF-alpha, which
alter iron regulation by upregulating hepcidin and
decreasing the bone marrow response to ESA and/or

producing erythrocyte hemolysis [11].

Identification of inflammation as the etiology of EPO
resistance could guide EPO and IV iron treatment.
This can assist in selecting patients who may benefit
from emerging medicines for treating anemia that are
less influenced by the inflammatory process, such as
hypoxia-induced prolyl-hydroxylase inhibitors [12].

Our study had certain limitations, such as the fact that
it was a cross-section single-center study with a small
number of patients and that the results were interpreted
based on a single laboratory measurement, which may not
reflect the relationship over time. The relationship with
other inflammatory indicators such as IL-6 and TNF was
not investigated. As a result, a well-designed prospective
study is required to further clarify the situation.

Conclusion

Inflammation contributes significantly to EPO
resistance in nondiabetic HD patients. CRP and PLR
can represent cheap and simple parameters to predict
response to EPO therapy in hemodialysis patients.
NLR also can be used in prediction of response to
EPO therapy in HD patients but with less accuracy
and sensitivity than PLR.
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