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Abstract

Reticulocyte hemoglobin equivalent (RET-He) measures the amount of hemoglobin in the reticulocytes and indicates red
cell hemoglobinization, reflecting the quality of the newly produced reticulocytes. It is a useful parameter which allows the

diagnosis of IDA before it manifests clinically in a patient and also for treatment follow-up.
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Therefore, the ability to assess iron deficiency, as part of automated CBC/reticulocyte analysis, may significantly enhance pa-
tient management. Etiology of CRA is multifactorial, and is due to myelosuppression secondary to chemotherapy, bone mar-
row failure, chronic inflammation, and/or iron deficiency. The goal of the present study was to establish a RET-He cut-off

that could rapidly predict iron deficiency.

The data suggests that RET-He, at a threshold of 32 pg/ cell, may be an important discriminator to rule out IDA in patients

with cancer.

Methods

Patients were enrolled into the study based on the laboratory test values of CBC and serum iron studies.
Results

The statistical analysis was performed using (A) biochemical standards for ID i.e. serum iron less than 40 pg/dl, transferrin
saturation less than 20% as well as (B) us in house standards i.e. serum iron less than 40 ug/dl, transferrin saturation less
than 30% with a RET-He cut-off at 30.4 pg. The PPV was calculated at 70.67 % and 75.9% for A & B respectively. The re-
sults were statistically significant in both (A) and (B) i.e. P value <0.001 as per table

Conclusions

RET-He is a readily available parameter on automated hematology analyzers with no additional cost and effort. Hence, we
recommend the incorporation of RET-He in the diagnostic algorithm for the rapid assessment of IDA in the oncology prac-
tice as a surrogate marker with cut-off value <30.4 pg which had a PPV of 76%.This will negate the requirement of iron bio-
chemistry studies in CRA patients, expedite the process of anemia correction with Lv. iron therapy and further reduce the re-
quirement of additional blood sampling, along with providing cost efficacy to the patient especially in the cost-limited
healthcare settings. In case of non-responders, a further extensive work up should be performed to delineate the etiology of
CRA.
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Table: Abstract table

RET-He Cut-off<30.4 pg TSAT <20%£ (fce(?llxl/l; 1152);?4113 pg/dL (Pro- | TSAT <30‘l’/loéss)(z;u)m Ironval-
Sensitivity % 67.4 67.8
Specificity % 64.5 68
Negative PredictiveValue (NPV)% 61.2 58.6
Positive PredictiveValue (PPV)% 70.67 75.9
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Introduction

Reticulocyte hemoglobin equivalent (RET-He)
measures the amount of hemoglobin in the reticulocytes
and indicates red cell hemoglobinization, reflecting the qual-
ity of the newly produced reticulocytes [1]. It is also desig-
nated as cellular hemoglobin content of reticulocytes (CHr)
on certain hematology analyser platforms. It is thought to re-
flect iron content in reticulocytes and is emerging as an al-
ternative parameter that can be used as a tool for evaluation
and sub-classification of different types of anemia, particu-
larly iron deficiency anemia (IDA) [2]. Although, a stan-
dardized cut-off value of RET-He has not been established
yet for cancer related anemia (CRA), numerous studies
have already been reviewed for its cut-off values in specific
patient populations such as pediatric, geriatric, pregnant,
blood donors and hemodialysis patients etc. [3-11] It is a
useful parameter which allows the diagnosis of IDA before
it manifests clinically in a patient and also for treatment fol-
low-up. Therefore, the ability to assess iron deficiency, as
part of automated CBC/reticulocyte analysis, may signifi-
cantly enhance patient management. Etiology of CRA is
multifactorial, and is due to myelosuppression secondary to
chemotherapy, bone marrow failure, chronic inflammation,
and/or iron deficiency. The goal of the present study was to
establish a RET-He cut-off that could rapidly predict iron
deficiency. The data suggests that RET-He, at a threshold of
32 pg/ cell, may be an important discriminator to rule out

IDA in patients with cancer.

Material and Methods

A cross-sectional & observational study was con-
ducted in the Department of Medical Oncology, BLK-Max
Super Specialty Hospital, New Delhi over a period of 2 years
(2018-2020) after obtaining clearance from ethical commit-
tee. The patients included in the study were above the age of
18 years of either sex with primary diagnosis of CRA after
hematological evaluation, ECOG performance status 0-2, he-
moglobin <10 gm/dl. Patients in the immediate post-opera-
tive period (3 weeks) and/or critically ill, diagnosed with
leukemia, macrocytosis, thalassemia, recent history of
Packed Red Blood Cells (PRBC) transfusion in past 3 weeks,
taking erythropoietin stimulating agents (ESA), oral/intrave-

nous iron preparations were excluded. Hematological in-

JScholar Publishers

vestigations were performed on Mindray BC 6800 Plus Au-
to Hematology analyzer in the Department of Hematology.
Iron studies were performed with Electrochemilumines-
cence (ECLIA) for S.Ferritin, Ferrozine for S. Iron and
Pyridyl azo dye for Total Iron Binding Capacity (TIBC) esti-
mation. The gold standard for assessment of iron stores is
bone marrow examination. This is not performed in our
hospital for sole purpose to identify iron deficiency due to
its invasive nature. Apart from a complete hemogram, an
iron profile including serum ferritin, serum iron, TIBC and
Transferrin saturation (TSAT), are the most common bio-
chemical tests used for the diagnosis of iron deficiency (ID)
which is seen in both IDA and anemia of chronic disease
(ACD). In the present study, IDA was defined biochemical-
ly as Hb <10gm/dl, serum iron <40 mcg/dl, transferrin satu-
ration <20%, with or without ferritin <100ng/ml consistent

with current clinical recommendations.
Statistical Analysis

Data was analyzed by using statistical software
SPSS version 22. Qualitative variables were represented in
form of frequency and percentage. Quantitative data was
represented in form of mean and standard deviation. Receiv-
er Operating Characteristic (ROC) curve was plotted to cal-
culate threshold/cut-off values for RET-He. Sensitivity, spe-
cificity, and positive and negative predictive values were cal-
culated for RET-He against routinely ordered serum iron
studies as the diagnostic standard. Statistical differences be-

tween data sets were defined by a p value < 0.05.

Results
Patient and characteristics

ID was seen higher in females (n=161) with a
younger age of incidence (54 + 12.4 years) as compared to
males (n=88, 61.8+ 10.3 years). Rest all parameters were

comparable as shown in table 1.
Distribution of RET-He

Patient and characteristics

ID was seen higher in females (n=161) with a
younger age of incidence (54 + 12.4 years) as compared to

males (n=88, 61.8+ 10.3 years). Rest all parameters were
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comparable as shown in table 1.

Table 1: Study population characteristics*

Characteristic Male (Mean+SD) Female (Mean+SD)
No. of patients 88 (35.3%) 161 (64.6%)
Age in years 61.8 £10.3a 54.0 +12.4a
Hb (g/dl) 8.6 +0.81 8.6 £0.79
MCYV (fl) 85.4+ 8.0 86.3+£7.6
RET-He (pg/cell) 29.7+5 29.8+4.7
Serum Iron (pg/dl) 38.1+16.1 37.8+16.6
Transferrin Saturation % 156 £6.8 152+ 64
Ferritin (ng/ml) 296.5 + 328.2 418.8 £ 621.5

Distribution of RET-He

study population is illustrated in Figure No. 1. Values

ranged from 17.6 to 43.0 pg. RET-He values ranging from

The distribution of RET-He values (pg) in the 28 to 36 pg are generally considered normal.

Frequency

40.04

30.04

20.04

10.0

0.0—

ROC Curve for RET-He

Mean = 29.829
Std. Dev. = 4.82331
N =249

Figure 1: Distribution of RET-He

0.739 as shown in figure 2. The curve shows sensitivity and

specificity of the RET-He at different thresholds for the iden-

A RET-He cut-off value of 30.40 pg was derived tification of CRA patients with ID in a diverse oncology pa-

from our study population with an area under curve of tient population.
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Figure 2: ROC Curve for RET-He cut-off value in CRA patients with ID (n=249)

The statistical analysis was performed using (A)

Role of RET-He in the Evaluation of Iron Deficiency
(ID) in CRA

biochemical standards for ID i.e. serum iron less than 40

in house standards i.e serum iron less than 40 pug/dL, trans-

ferrin saturation less than 30% with a RET-He cut-off at
30.4 pg. The PPV was calculated at 70.67 % and 75.9% for A

pg/dL, transferrin saturation less than 20% as well as (B) us

& B respectively. The results were statistically significant in

both (A) and (B) i.e. P value <0.001 as per table 2.

Table 2: Role of RET-He in the Evaluation of Iron Deficiency (ID) in CRA patients (n=249)

RET-He Cut-off<30.4 pg TSAT <20%, serum Iron TSAT <30%, serum Iron
<40pg/dL (Protocol Values) (A) <40pg/dL (In house values)(B)
Sensitivity % 67.4 67.8
Specificity % 64.5 68
Negative PredictiveValue (NPV)% 61.2 58.6
Positive PredictiveValue (PPV)% 70.67 75.9
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Comparative Role of RET-He <31 pg *in the evalua-
tion of Iron Deficiency (ID) in CRA patients

Comparative role of RET-He <31 pg in the Evalua-
tion of Iron Deficiency (ID) in CRA patients using the RET-

He cut-off value established by Peerschke et al is shown in
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table 3.15 The statistical analysis was performed using (A)
biochemical standards for ID i.e. serum iron < 40 pg/dL,
TSAT < 20% as well as (B) us in house standards i.e serum
iron < 40 pg/dL, transferrin saturation < 30%. With a RET-
He cut-off at 31 pg, the PPV was calculated at 70 % and
74.8% for A & B respectively. The results were statistically
significant in both (A) and (B) i.e. P value <0.001.

Comparative role of RET-He <32 pg in the Evalua-
tion of Iron Deficiency (ID) in CRA patients

Comparative role of RET-He <32 pg in the Evalua-
tion of Iron Deficiency (ID) in CRA patients using the RET-
He cut-off value established by Peerschke et al is shown in
table 4.15 The statistical analysis was performed using (A)
biochemical standards for ID i.e. serum iron less than 40
pg/dL, transferrin saturation less than 20% as well as (B)
our in house standards i.e serum iron less than 40 pg/dL,
transferrin saturation less than 30%.With a RET-He cut-off
at 32 pg, the PPV was calculated at 69.7 % and 73.9% for A
& B respectively. The results were statistically significant in
both (A) and (B) i.e. P value <0.001.

Discussion

Anemia is prevalent in 30% to 90% of patients
with malignancies particularly those receiving chemothera-
peutic agents [18]. The incidence and initial presentation of
CRA varies depending on the type of malignancy, stage, du-
ration of the disease, intensity and type of tumor therapy
regimen, and the occurrence of intercurrent infections or

surgery [16-17].

Compared to the gold standard bone marrow iron
estimation, RET-He is proven to be faster, easier, more stan-
dardized and economical without any additional blood sam-
ple requirements, invasive bone marrow aspiration/biopsy

procedure or technical intervention [2,6,7,15].

A standardized cut-off value of RET-He or CHr
for the identification of IDA or therapeutic response has
not been established yet which may be due to the variability

in the studied patient population. There is also sparsity of
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published literature on the utility of RET-He in the evalua-
tion of CRA globally.

In the adult population, various cut-off level for
RET-He at <27.2 pg 3, <30.5 pg 4 and <30.6 pg 5 have been
demonstrated, respectively with a very good sensitivity and
specificity to determine iron deficient erythropoiesis. In
2014, the first ever study on the “use of RET-He to evaluate
anemia in patients with cancer” was published by Peerschke
et al. It reduced unnecessary iron studies by 66% in their
setting and provided “rapid diagnostic information” when
the automated CBC & reticulocyte counts were reported
[15].

Peerschke et al calculated a RET-He threshold of
31 pg, 32 pg in their study, representing the 34th percentile
of RET-He values in the study population [15]. Similarly, in
our study population, with serum iron less than 40 pg/dL,
TSAT less than 20% (standard definition), a RET-He cut-off
value of 30.4 pg was calculated using a ROC curve (Figure
2).

Using this cut-off value of 30.4 pg, statistical analy-
sis was performed on our study subpopulation presenting
with ID (serum iron less than 40 pg/dL, TSAT less than
20%) to ascertain the role of RET-He. A PPV of 70.67 % &
NPV of 61.2% was seen with 67.4% sensitivity & 64.5% spe-
cificity. When all these values were simultaneously analyzed
using us in house cut-off values (i.e serum iron less than 40
pg/dL, TSAT less than 30%) the PPV was higher at 75.9%
with 58.6% NPV, 67.8% sensitivity & 68% specificity (Table
2).

In the study by Peerschke et al, despite excellent
negative predictive values, the corresponding specificities
for each RET-He cut-off were low (i.e for RET-He < 31 pg,
NPV was 94.8% with 83% specificity and for <32 pg NPV
was 94.9% with 75% specificity). The RET-He cut-off values
established by Peerschke et al (i.e. 31 & 32 pg) were applied
to our study subpopulation (Table 3,4) and statistical analy-
sis was performed. We found that with increasing RET-He
cut-off value, our sensitivity & NPV showed an increase but
the PPV simultaneously decreased. This is in concordance

with their study results.
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Table 3: Comparative Role of RET-He <31 pg *in the evaluation of Iron Deficiency (ID) in CRA patients (n=249)

RET-He Cut-off<31 pg

TSAT <20%, serum Iron
<40ug/dL (Protocol Values)(A)

TSAT <30%, serum Iron
<40pg/dL(In house values)(B)

Sensitivity % 74.1 73.8

Specificity % 60 63
Negative Predictive Value (NPV)% 64.7 61.7
Positive Predictive Value (PPV)% 70 74.8

* RET-He cut-off value established by Peerschke et al [15]

Table 4: Comparative Role of RET-He <32* in the evaluation of Iron Deficiency (ID) in CRA patients (n=249)

RET-He Cut-off<32 pg

TSAT <20%, serum Iron <40ug/dL
(Protocol Values) (A)

TSAT <30%, serum Iron
<40pg/dL(In house values)(B)

Sensitivity % 80.6 79.9
Specificity % 55.5 58
Negative PredictiveValue (NPV)% 69.3 65.9
Positive PredictiveValue (PPV)% 69.7 73.9
P value <0.001 <0.001

* RET-He cut-off value established by Peerschke et al [15]

However, in the study by Peershke et al, subpopu-
lation of IDA patients included only 23 subjects out of a to-
tal study population of 209 subjects whose population char-
acteristics were unknown. Also, their study does not clarify
whether the results were statistically significant for either of
the suggested RET-He cut-off values (i.e. <31 pg or <32 pg).
In contrast, our subpopulation was larger as it included 249
iron deficient subjects out of a total of 350 and our results
were statistically significant (P value <0.05), thereby making

this study more clinically meaningful in CRA patients.

A clinical trial titled “Study of the Interest of the
Hemoglobin Content of Reticulocytes (RET-He) in the Man-
agement of Functional Military-deficient Anemia in the Pa-
tient with a Solid Tumor” at the Institut de Cancérologie de
I'Ouest, France has completed recruitment the results of
which are awaited. This trial is aimed at refining the current
definition of functional iron deficiency in order to best
adapt the iron prescription in oncology by giving iron only

if necessary, i.e. if the RET-He is low [19].

In our study, we compared two sets of evaluation

limits for iron deficiency (ID) and conducted a detailed cost
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analysis to assess their effectiveness. The first set of limits,
known as the biochemical standards, includes a serum iron
level of less than 40 pg/dL and a transferrin saturation (T-
SAT) level of less than 20%. These standards are commonly
used but have cost implications. With the biochemical stan-
dards, additional iron biochemistry studies are often re-
quired to confirm the diagnosis of ID, resulting in extra lab-
oratory tests and increased costs. Moreover, performing th-
ese studies necessitates additional blood samples to be
drawn from the patients, adding to the overall cost and po-
tentially causing delays in diagnosis and treatment initia-

tion.

In contrast, our in-house standards propose a
serum iron level of less than 40 ug/dL and a TSAT level of
less than 30% as the evaluation limits for ID. This alterna-
tive approach aims to streamline the diagnostic process and
improve cost effectiveness. By using our in-house stan-
dards, the need for additional iron biochemistry studies can
be minimized, reducing the associated costs. Furthermore,
the number of blood samples required for diagnostic pur-
poses can be decreased, resulting in additional cost savings.

This approach provides cost efficacy to patients, especially

JJ Oncol Clin Res 2023 | Vol 4: 103



in healthcare settings with limited resources, by alleviating

financial burdens and expediting the diagnostic process.

Overall, our cost analysis indicates that our in--
house standards for ID evaluation offer potential cost sav-
ings and improved cost effectiveness compared to the tradi-
tional biochemical standards. By reducing the need for addi-
tional tests and sample draws, our approach can optimize re-
sources and expedite the diagnostic process. However, it is
important to note that while cost considerations are signifi-
cant, clinical judgment and individualized patient assess-
ment should always guide the decision-making process re-

garding the initiation of iron therapy.

RET-He results are concomitantly generated by au-
tomated hematology analyzers at no extra cost while order-
ing a CBC. From our study results, we were able to establish
RET-He cut-off value of 30.4 pg at our institution for cancer
patients with a PPV of 70%-76% in CRA patients. Due to a
high incidence of anemia in cancer patients, integration of
this parameter as a surrogate marker of IDA into the diag-
nostic algorithm can prove efficient in the rapid assessment
of ID in the oncology practice without the requirement of
iron biochemistry studies, additional sample draws & by
providing cost efficacy to the patient. Our study is not only
the first of its kind to be performed in India, but also the se-
cond in the world in large patient subset establishing the
role of RET-He in the evaluation and management of CRA
as per our knowledge. Major limitations of this study are

that it is a non-randomized study, gold standard for assess-
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ing iron deficiency i.e. bone marrow estimation of iron
stores has not been done. Further studies are warranted to
enhance the understanding of the comparative cost-effec-
tiveness between the two sets of evaluation limits for iron de-
ficiency (ID). These studies should include a comprehensive
analysis of the direct and indirect costs associated with each
approach, taking into account factors such as laboratory ex-
penses, additional sample draws, healthcare utilization, and
patient outcomes. Additionally, research should focus on
evaluating the potential impact of the proposed limits on
the delay of iron therapy initiation in specific cases. By ad-
dressing these aspects, future studies can provide valuable
insights and evidence-based recommendations for optimiz-
ing the diagnostic algorithm and resource allocation in the

management of ID in cancer patients.

Summary

RET-He is a readily available parameter on auto-
mated hematology analyzers with no additional cost and ef-
fort. Hence, we recommend the incorporation of RET-He
in the diagnostic algorithm for the rapid assessment of IDA
in the oncology practice as a surrogate marker with cut-off
value <30.4 pg which had a PPV of 75%.This will negate the
requirement of iron biochemistry studies in CRA patients,
expedite the process of anemia correction with L.v. iron ther-
apy and further reduce the requirement of additional blood
sampling, along with providing cost efficacy to the patient
especially in the cost-limited healthcare settings. In case of
non-responders, a further extensive work up should be per-

formed to delineate the etiology of CRA.
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