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ABSTRACT

Objective: To compare the prohepcidin and hepcidin levels in the afebrile neutropenic period and neutropenic fever in patients
with hematological malignancy.

Study Design: Descriptive study.

Place and Duration of Study: Department of Hematology, Pamukkale University Hospital, Denizli, Turkey, between January
2018 and December 2019.

Methodology: Neutropenic patients were compared with a healthy control group. Prohepcidin and hepcidin serum levels were
to be measured in neutropenic and control groups. When fever occurred in neutropenic group, serum was taken again and the
same values were compared, in addition to procalcitonin and CRP values.

Results: Prohepcidin and hepcidin levels were found to be significantly higher in the neutropenic group (n = 53) than the
control group [n = 44, (med:166.65 ng/ml, IQR:147.66 - 187.38 ng/ml vs. med:47.49 ng/ml, IQR:15.61 - 82.51 ng/ml; p <0.001);
(med:315 ng/ml, IQR:314.92 - 315 ng/ml vs. med:26.61 ng/ml, IQR:4.69 - 66.83 ng/ml; p <0.001)]. No significant difference was
found in terms of these two analyses (167.29 * 29.31 ng/ml vs. 167.15 = 27.61 ng/ml; p = 0.979; 296.21 * 37.19 ng/ml vs
299.16 = 37.68 ng/ml; p= 0.629) in the neutropenic fever period compared to the afebrile neutropenic period. In neutropenic
fever patients, procalcitonin and CRP (C-reactive protein) were found significantly higher than the afebnile neutropenic group
(0.7 £ 1.2 ng/ml vs. 0.25 £ 0.76 ng/ml; p = 0.034; 10.27 = 9.93 mg/dl vs 2.61 + 2.78 mg/dl; p <0.001).

Conclusion: Although there was no significant difference between afebnile neutropenia and neutropenic fever in patients in

terms of hepcidin and prohepcidin levels, higher levels were found in both groups compared to the control group.
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INTRODUCTION

Febrile neutropenia is an emergency and life-threatening
complication, especially in patients with chemotherapy-in-
duced neutropenia.'Febrile neutropenia can occur at any time
during a malignancy, from diagnosis to end-stage disease.’
Infection focus should be controlled with appropriate antibiotic
treatment immediately. The type of antibiotic treatment, how
long, and how it will be given is determined according to the
patient's risk group. If febrile neutropenia is not controlled in
time, itmay progress to sepsis. Sepsis is a significant reason for
mortality during neutropenia of malignancies. Thus, early diag-
nosisand urgentmanagementare essential .’
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Ironis an essential elementfornearly all organisms. Iron and its
homeostasis are closely related to the inflammatory response.’
Inflammationresultsinan elevated serumferritin level as a part
of the acute-phase response, blockage of tissue iron release,
decreased serum iron, and total iron-binding capacity. This
response is suggested to be mediated by inflammatory
cytokines.’ Inthe end, an acute hypoferremia occurs, inhibiting
pathogen proliferationand growth.®

Inrecent years, the hepcidin molecule, which is thought to play
a critical role in iron metabolism, has been focused on.”® It is
synthesised in hepatocytes in the liver, but it can be found in
mature form or as a form of a prohormone in the blood.’ This
peptide is obtained from the C-terminal of an 84 amino acid
prepropeptide.”® Subsequently, prohepcidine containing 60
amino acids occurs. Prohepcidin is an essential marker for
providing information for the evaluation of inflammation.**?
The protein of prohepcidin is converted to hepcidin with the
enzyme furin convertase.” Hepcidin reduces the absorption of
duodenal iron, prevents the release of macrophage iron, and
regulates iron balance by reducing iron in the organism.
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Hepcidin is also considered an acute-phase protein, and its
synthesis is induced by IL-6 (interleukin 6)." It is known that
inflammation increases hepatic mRNA levels of hepcidin. In
the case of inflammation, hepcidin levels increase, and iron is
retained by macrophages and liver cells and absorbed from the
intestines, thereby decreasing serum iron levels. The produc-
tion of hepcidin in hepatocytes is indirectly regulated by the
infection and the level of iron. Hepcidin is also an antimicrobial
protein. In the case of infection, fever is an inflammatory
response created by the body. In neutropenic fever, hepcidin
via ferroportin (the receptor of hepcidin) prevents pathogens
from taking iron and contributes to host defence.” This raises
the question of whether hepcidin may be utilised as a follow-up
measureinneutropenicindividualswho developfever?

There are very few studies investigating the interactions
between hepcidin and neutropenic patients with hematologic
malignancy. However, to the best of authors’ knowledge, there
is no data on this interaction in adult neutropenic hematology
patients. It was intended to assess the levels of hepcidin and
prohepcidinin neutropenia and neutropenic fever, ifit might be
utilised asamonitoring parameterinthese cases.

The aim was to compare prohepcidin and hepcidin in neutro-
penicandneutropenicfeverperiods.

METHODOLOGY

Neutropenic patients, who were hospitalised in the hema-
tology service at the Department of Hematology, Pamukkale
University Hospital, Denizli, Turkey, between 2018-2019dueto
hematological malignancy and healthy control subjects were
includedinthestudy.

Neutropenia was defined as an absolute neutrophil count of less
than 1500/l in neutropenic patients with hematological malig-
nancies. Patients were diagnosed with 'neutropenic fever as
described in the ESMO guidelines. Serum levels of prohepcidin
and hepcidin were investigated in the neutropenic and control
groups; and during fever, the neutropenic group, again.
Neutropenic fever was defined as an absolute neutrophil count
of <500/ul, and oral temperature >38.3°C or two consecutive
>38.0°C for at least two hours. Patients were questioned for
complaints; the physical examination was performed to focus
on infection, and cultures were sent from possible foci. The
results of culture were obtained from HIS (hospital information
system).

Fasting venous blood samples were collected in the morning,
and demanded from the participants of neutropenic and control
groups. When fever developed, venous blood samples were
collected again. Serum obtained by the centrifugation of the
blood samples was aliquoted and stored in -20° C until serum
hepcidin and prohepcidin levels were measured. Complete
blood count results, CRP (0-0.5 ug/dl), ferritin (13- 150 ug/L for
female, 30-400 ug/L for male), and pro-calcitonin levels (<0.5
ng/ml) were measured the same day when the samples
obtained. Serum hepcidin (Cusabio Technology LLC, USA)
(ng/ml) and prohepcidin (Cusabio) (ng/ml) levels were

measured by using commercial kits, according to the manufac-
turer's instructions. All these two parameters were measured
by the enzyme-linkedimmunosorbent method.

All statistical analyses were performed using SPSS version 25.0
[IBM SPSS Statistics 25 software (Armonk, NY: IBM Corp.)]. The
mean * standard deviation defined continuous variables, and
categorical variables were defined by number and percent.
Shapiro-Wilk test was used for the determination of normal
distribution. For dependent group comparisons, paired
samples t-test was used when parametric test assumptions
were provided; and Wilcoxon signed rank test was used, other-
wise. Mann-Whitney U-test was used in comparison with the
control group. Spearman correlation analysis was used for
analysing the relationships between continuous variables. Sta-
tistical significance wasdeterminedasp <0.05.

RESULTS

Fifty three patients diagnosed with hematological malignancy
(21 women, (39.6%) and 32 men, 60.4%) were included in the
study. The mean age of the patients included in the study was
58.09 + 16.84 years. The majority of the patients had AML (31,
58.5%). There were five cases of multiple myeloma, 4 cases of
myelodysplastic lymphoma, three cases of ALL (acute
lymphoblastic leukemia) and diffuse large B cell lymphoma,
and one case each of follicularlymphoma, Hodgkin lymphoma,
mantle cell lymphoma, peripheral T cell lymphoma, central
nervous system lymphoma, biphenotypic leukemia, and CLL
(chroniclymphocyticleukemia).

In 39 patients (73.6%), neutropenic was secondary to chemo-
therapy, and 14 patients (26.4%) were neutropenic due to
hematological malignancy itself. The average absolute
neutrophil count of the included neutropenic patient group was
370/ul(IQR:75-930; ranging from0-2000).

During the neutropenicfever period, the average body temper-
ature was 38.4 + 0.41°C. Vital signs were stable in most
patients during neutropenic fever. Only hypotension occurred
intwo patients, tachycardiain five patients, and tachypneaand
hypoxiaoccurredinone patienteachduring neutropenicfever.

Microorganism isolation (37.7%) was achieved in some of the
taken cultures. Isolation was primarily obtained from blood
cultures (12 patients). In addition, growth of pathogenic
microorganism (data not shown) growth was recorded in the
sputum culture of four patients, in the urine culture of three
patients, andinthe catheterculture of one patient.

Prohepcidin and hepcidin were found to be significantly higherin
the neutropenic group than the control group [(med: 166.65
ng/ml, IQR: 147.66 - 187.38 ng/ml vs. med: 47.49 ng/ml, IQR:
15.61-82.51ng/ml; p=0.0001); (med: 315 ng/ml, IQR:314.92 -
315 ng/ml vs. med: 26.61 ng/ml, IQR: 4.69 - 66.83 ng/ml; p
<0.001, respectively)]. No significant correlation was found
neither between prohepcidin and the iron parameters [ferritin (r
=-0.074; p=0.677), serumiron level (r =-0.234; p <0.140) and
transferrin saturation (r = -0.229. p = 0.200)] nor between
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hepcidinandtheiron parameters [ferritin (r=-0.111; p=0.527),
serumironlevel (r=-0.111; p=0.482) and transferrin saturation

(r=-0.195;p=0.269)]inthe neutropenicgroup (Tablel).

Table I: Relationship of iron parameters with prohepcidin, hepcidin and

CRPinneutropenicpatients.

Ferritin | Serum Iron| TIBC** o
(mo/) | (ng/d) | (ug/an | 5%
Prohepcidin (ng/ml)
r -0.074 -0.234 0.136 -0.229
p 0.677 0.140 0.449 0.200
Hepcidin (ng/ml)
r -0.111 -0.111 0.125 -0.195
p 0.527 0.482 0.481 0.269
CRP (mg/dl)

r 0.242 -0.115 -0.334* | -0.319*
p 0.122 0.413 0.033 0.042
*p<0.05 statistically significant correlation; r: Spearman correlation coefficient;

**TIBC: Total iron binding capacity,; **TS: Transferrin saturation.

Table II: Comparison of prohepcidin, hepcidin and CRP in neutropenic

period and neutropenicfevergroups.

Neutropenic Neutropenic
period fever period p-value
Med (IQR) Med (IQR)

Hemoglobin (g/dL) 8.4 (7.7-9.7) 8.3 (7.4-8.95) 0.483 B
White blood cell (WBC) (/ul) 1190 (640 - 2030) 750 (280 - 1685) | 0.017*B
ANC (/ul) 370 (75 - 930) 20 (0 -530) 0.001* B
Platelet (/uh) (17003(?(-)%%500) (1400208(—)%%500) 0.018+ B
Prohepcidin (ng/ml) 167.29 + 29.31 167.15 + 27.61 0.979 a
Hepcidin (ng/ml) 315(293.99 - 315) | 315 (314.76 - 315) | 0.629 B
CRP (mg/dl) 1.733(0.43-4.06) | 6.17 (2.42 - 15.69) | 0.0001* B
Procalcitonin 0.05 (0.05 - 0.05) 0.05 (0.05-1) 0.034
’;g:ko,tggtstatfstica//y significant; S.D: Standard deviation; a: Paired samples t-test; B: Wilcoxon signed

During neutropenic fever, WBC (white blood cell) (p = 0.017),
absolute neutrophil count (p <0.001) and platelet (p = 0.018)
were significantly lower than neutropenic period. However, no
significant difference was found between the two groups at the
hemoglobin level (p = 0.483). One cause for this might be that
the hemoglobinvalue hasnotyetdroppedin certainindividuals
duetotheshortinterval between neutropenia and neutropenic
fever. Another possibility is that the patient got erythrocyte
transfusions priortodeveloping neutropenicfever.

In neutropenic fever group, procalcitonin was found signifi-
cantly higher than neutropenic group (med: 0.05 ng/ml, IQR:
0.05 -1 ng/ml vs. med: 0.05 ng/ml, IQR: 0.05 - 0.05 ng/ml; p =
0.034).CRPwasalsofoundtobehigherinthe neutropenicfever
group compared to the neutropenic group (med: 1.733 mg/dl,
IQR: 0.43-4.06 mg/dl vs. med: 6.17 mg/dl, IQR: 2.42-15.69
mg/dl; p = 0.001). There was no significant difference in
neutropenic fever group in terms of prohepcidin compared to
the neutropenic group (167.15 = 27.61 ng/ml vs. 167.29 =
29.31ng/ml; p=0.979); and there wasalsonosignificant differ-
encein neutropenic fever group in terms of hepcidin compared
to neutropenic group (med: 315 ng/ml, IQR: 293.99-315 ng/ml
vs.med: 315 ng/ml, IQR: 314.76-315 ng/ml; p=0.629, Tablel).
In neutropenic fever group, the correct proportion was found
between prohepcidin and hepcidin (p = 0.001; r=0.732). The

neutropenic fevergroup had asignificantcorrectratio between
CRPandprocalcitonin(p<0.001;r=0.512).

There was also no significant difference between the patient's
total neutropenic duration and prohepcidin, hepcidin, CRP,
ferritin, procalcitonin. There was also no any difference
between prohepcidin and hepcidin levels of neutropenic
patients with and without chemotherapy.

DISCUSSION

In present study, including 53 neutropenic patients and 44
healthy individuals, hepcidin and prohepcidin levels were
significantly higher in the neutropenic group than in the
healthy control group. However, a similar significant differ-
ence could not be observed between the neutropenic period
and neutropenic fever period. Yesilbas et al. found that
hepcidin was a good marker in intensive care pediatric
patients with sepsis and septic shock compared to the non-
septic intensive care and healthy control groups.*® The reason
behind the present difference in results may be that the vital
signs were mostly stable in the majority of patients during
fever in this study. If the levels of hepcidin and prohepcidin
were examined during the more severe infection period or in
the septic period with unstable vital signs, different results
could be obtained. In addition, the 'adult' patient group in this
study may beareasonwhy differentresults were obtained.

Hepcidin can be found in the blood in mature form or prohor-
mone form. It is thought that the expression of prohepcidin in
the liver regulates itself by binding to the HAMP (hepcidin
antimicrobial peptide) promoter.’ Asindicated before, prohep-
cidin is a critical marker for assessing inflammation."** In this
study, in addition to serum hepcidin levels, serum prohepcidin
levels were also measured. A correct proportion was found
between prohepcidin and hepcidin in the neutropenic fever
group(p<0.001;r=0.732).

It also showed that hepcidin in urine increases in sickle cell
anemia and myelodysplasia patients secondary to erythrocyte
transfusion.”** Serum ferritin level also increases with iron
loadingandinflammation. ltwasfoundthatserumferritincorre-
lated with the excretion of hepcidin.™ Infection and iron levels
influence hepcidin synthesis in hepatocytes in an indirect
manner. In this study, no significant relationship was found
between prohepcidin and iron parameters as ferritin, serum
iron level and transferrin saturation in a neutropenic group.
Similarly, no significant correlation was found between
hepcidinandtheseiron parameters (Tablel). There was alsono
significant difference between the patient's total neutropenic
duration and prohepcidin and also hepcidin. In a study of 100
patients by Akl et al., no significant correlation was found
between serum prohepcidin levels and serum iron parameters
and interleukin 6 levels in the pretransplant period of hema-
topoietic stem-cell transplantation (HSCT). However, prohep-
cidinwasfoundtohave anegative correlation with neutropenic
fever (p <0.001) and febrile neutropenia days (p = 0.003). No
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correlation was found between iron parameters and prohep-
cidinlevels, and survivalinthe pretransplantation period.™

Hepcidin is expected to increase in rheumatic diseases, inflam-
matory bowel diseases, chronic infections, and multiple
myeloma.” Inthe study, conducted by Sharma et al., it was found
that urine hepcidin levels were three times higher than the
control group in 44 stage 3 myeloma patients before treatment.
It is stated here that IL-6 dependent and non-IL-6 dependent
mechanisms can be effective.”” Pathogenic macromolecules,
such as liposaccharides, increase IL-6 production by acting on
macrophages and Kupfer cells. IL-6 also induces hepcidin mRNA
production in hepatocytes.' In the present study, there were
only 10 multiple myeloma patients. In the future, a study
involving more myeloma patients can be planned.

In this study, no significant relationship was found between
prohepcidin or hepcidin and hemoglobin, neither in the
neutropenic period nor neutropenic fever. Inthe study of Maccio
etal., anemia was detected in 63 % of 888 cancer patients with
different stages.”* In this study, the WBC (p = 0.017) absolute
neutrophil count (p = 0.0001) and platelet values (p = 0.018)
were found to be significantly lower in the neutropenic fever
period compared to the neutropenic period. However, there
was no significant difference in hemoglobin level between the
two groups (p = 0.483). There is no significant difference in
prohepcidinandhepcidinlevels, suggesting thatitmay be asso-
ciated with low butstable hemoglobinlevels.

The incidence of anemia in solid tumor patients with elevated
CRP was linked with hepcidin overexpression in research done
by Cheng et al.”> CRP was substantially higher in the
neutropenic fever group than in the neutropenic group in the
present research. Despite this, there was no substantial rise in
hepcidin levels. The explanation for this might be that the study
patients were diagnosed with hematological malignancy, and
hematological cancers implicated additional undiscovered
processes.

The main limitation of this study was that patients' hematologic
malignancy type was not homogeneous; and for some, the
number of patients was insufficient. The majority of the
patients' diagnosis was AML.

CONCLUSION

Hepcidinisthoughttobe anessential mediatorininflammation.
Although there was no significant difference in serum hepcidin
and prohepcidin levels between neutropenia and neutropenic
fever in patients, higher levels were found in both groups
compared to the control group. During the neutropenic fever
period; however, no significant increase in hepcidin levels was
observed. As a result, it does not appear to be suitable foruse in
aninflammatory conditionsuchas neutropenicfever.
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