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Abstract: Lymphomas are a heterogenous group of malignant diseases. 30—
50% of patients, even before chemo- and radiotherapy are begun have anemia. The
pathogenesis of this anemia is multifactorial and still not completely clear. Newer
investigations refer to a causality between the anemia in patients with lymphoma and
the inappropriate erythropoietin production for the degree of anemia. Based on this
finding, the aim of the study was to evaluate the erythropoietin production in patients
with malignant lymphoma in order to define the clinical conditions of Epo deficiency
and thereby enable rational use of this expensive drug.

27 patients with malignant lymphoma were examined. The control group
consisted of 25 patients with iron deficiency anemia. 14 healthy volunteers represented
the so-called "normal" control. The adequacy of Epo production was estimated from the
graphic representation of the linear regression between Epo and hemoglobin (Hb) in the
control group, as well as from the O/PEpo ratio as a measure of the degree of adequacy
of Epo production (O — observed Epo value, P-predicted Epo value from the regression
equation of the control group). The erythropoietic activity was estimated from the grap-
hic representation of the linear regression between soluble transferin receptors (sTfR)
and Hb in the control group, as well as from the O/PsTfR ratio, as a measure of the
degree of adequacy of erythropoietic activity (O — observed sTfR value, P — predicted
sT{R value from the regression equation of the control group).

Significant inverse correlation between Epo and Hb was found in patients with
malignant lymphoma (r = —-0.76, p < 0.001). 33% of patients had inadequate Epo
response to anemia. O/PEpo in patients with malignant lymphoma is significantly lower
in comparison to the control group, which also points to the inadequacy of
erythropoietin production. There was a significant negative correlation between sTfR
and Hb in patients with malignant lymphoma (r = —0.056, p < 0.001). Inadequate sTfR
response to anemia have 76% of patients. The positive correlation between O/PEpo and
O/PsTfR (r = 0.79, p < 0.001) points out to a causality between the inadequacy of
erythropoietin production and the inadequate erythropoiesis.
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In conclusion, results from this study show unambiguously that anemia in
patients with malignant lymphoma appears because of decreased erythropoiesis as a
consequence of bone marrow infiltration with lymphoma cells as well as inadequate
Epo production. Most probably, the inadequate Epo production in patients with malig-
nant lymphoma is as that seen in the anemia of chronic diseases whose mechanism is
not clear.

Key words: malignant lymphoma, erythropoietin, soluble transferin receptors.

Introduction

Lymphomas are a heterogeneous group of malignant disorders which
show significant variations in their clinical course and outcome. 30-50% of
patients, depending on the pathohistological subtype, even before chemo-
and/or radiotherapy are begun, have anemia [1]. The pathogenesis of this
anemia is multifactorial and still not completely clear. Bone marrow infiltration
and autoimmune haemolysis are among the most often mentioned possible
causes. Newer investigations refer to a causality between the anemia in patients
with lymphoma and inappropriate erythropoietin production for the degree of
anemia [2, 3, 4].

Also, therapy with recombinant human erythropoietin (rHuEpo) shows
that inappropriate erythropoietin production should not be neglected as a factor
in the pathogenesis of anemia in patients with malignant lymphoma [5, 6, 7].

Based on these findings, the aim of the study was to evaluate the ery-
thropoietin production in patients with malignant lymphoma in order to define
the clinical conditions of Epo deficiency and thereby the group of patients
which would mostly benefit from therapy with rHuEpo.

Patients and methods

27 patients with malignant lymphoma were examined. Their disease
stadium was defined according to the Ann Arbor "staging" system [8]. The pati-
ents received the following chemotherapy: MOPP or ABVD and CHOP or CVP
for Hodgkin, respectively non-Hodgkin lymphoma. All routine laboratory para-
meters were determined for each of the patients. The following were separately
analyzed for the purpose of excluding iron deficiency as well as renal anemia:
Hb, Ht, Er and erythrocyte indexes, erythrocyte morphology, serum iron, TIBC
(total iron binding capacity), feritin, and creatinin.

The control group consisted of 25 patients with iron deficiency anemia.
Blood loss, through excessive menstrual bleeding or a bleeding gastric/duodenal
ulcer was the reason for the anemia. As the erythropoietin response in iron
deficiency anemia is known and considered to be appropriate, iron deficiency
anemia patients were chosen for a control group [9].
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14 healthy volunteers represented the so-called "normal" control.

On principle the assessment of adequacy of erythropoietin production is
based on a mathematical comparison of serum Epo concentration in patients
with malignant lymphoma and referent subjects with similar hemoglobin value.
In our study the adequacy of Epo production was estimated from the graphic
representation of the linear regression between Epo and hemoglobin (Hb) in the
control group, as well as from the O/PEpo ratio as a measure of the degree of
adequacy of Epo production (O-observed Epo value, P-predicted Epo value
from the regression equation of the control group: logEpo = 3.925-0.234Hb).
Erythropoietin production is considered inappropriate if O/P < 0.8, as determi-
ned from the 95% confidence interval for O/PEpo in the control group which
amounts: 0.80-1.2.

Soluble transferin receptors (sTfR) were used to assess the erythro-
poietic activity according to the well-known link between the concentration of
sTfR and erythron activity. The erythropoietic activity was assessed from the
graphic representation of the linear regression between soluble transferin recep-
tors (sTfR) and Hb in the control group, as well as from the O/P ratio, as a
measure of the degree of adequacy of erythropoietic activity (O-observed sTfR
value, P-predicted sTfR value from the regression equation of the control group:
logsTfR = 4.526-0.029HD). Yet the erythropoietic activity is considered inap-
propriate if O/PsTfR < 0.9, as determined from the 95% confidence interval for
the O/PsT1R in the control group, which amounts 0.9-1.1.

Serum erythropoietin and the solubile transferin receptors were measu-
red with a commercial RIA, respectively ELISA assay.

In the statistical analysis, the values for Epo and sTfR were transformed
into logarithmic ones. The following statistical tests were used: Student t-test,
ANOVA, Pearson’s test, linear regression analysis, analysis of covariance.

Results

The characteristics of patients with malignant lymphoma are given in
Table 1. Of the total of 27 patients (mean age 57 £+ 13 years), 18 had non-Hodg-
kin and 9 had Hodgkin lymphoma. According to the Ann Arbor classification 4
patients were in the second, 8 in the third and 15 in the fourth disease stadium.
12 patients were pretreated with chemotherapy. The anemia was moderate in
most of the patients (mean Hb 8.9 = 1.1 g/dl) and became severe within the
advanced disease stadium (range 6.7—10.1 g/dl). Serum iron, ferritin and crea-
tinin show that iron deficiency or renal failure did not cause the anemia. In
patients with malignant lymphoma, serum Epo values were significantly higher
than in healthy volunteers (57.3 = 33.9 v 13.9 £ 3.8mU/ml, p < 0.05) (fig. 1).
Serum Epo was not significantly different either between patients from different
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disease stadiums or between chemotherapy pretreated and not pretreated
patients.

Table 1 — Tabena 1

Characteristics of patients with malignant [ymphoma
Kapaxitepucitiuku na diayueriiuitie O MAAUZeH AUMPOM

Patients (n=27) mean value+SD
non-Hodgkin/Hodgkin lymphoma 18/9

Age (range) 57 + 13 (39-68)
Sex (m/f) 17/10
Disease stadium I/ II/ 11/ IV 0/4/8/15
Chemotherapy pretreated Yes/No 12/15

Hb (g/dl) (range) 89+ 1.1(6.7-10.3)
Serum iron (pmol/l) 17.3+£2.5
Ferritin (ug/l) 218 +38.2
Creatinin (mmol/I) 78 +12.5

There is a significant inverse correlation between Epo and Hb in
patients with malignant lymphoma: r = —0.76, p < 0.001. Erythropoietin
production was inappropriate in 9 patients (33%) in whom serum Epo values
were below the 95% confidence interval of the control group (fig. 2).

The adequacy of Epo response to anemia has been also estimated
through determination of the O/PEpo ratio, which in the advanced disease
stadiums appeared to be significantly lower compared to the controls (Table 2).

sTfR values are shown separately for each patient with malignant
lymphoma and healthy individuals (Fig. 3). In patients with malignant lymp-
homa sTfR values are significantly higher (9031 = 3513 v 5470 = 1670ng/ml,
p<0.05). Treatment of patients did not interfere with sTfR values. A significant
negative correlation between sTfR and Hb was found: r =—0.056, p <0.001 (fig. 4).

13 patients with malignant lymphoma had inappropriate erythropoietic
activity because their values for sTfR were below the 95% confidence interval
of the control group. Most of these patients were in the third, or the fourth
disease stadium. To estimate causality between the inappropriate erythropoietin
production and erythropoiesis we looked for a correlation between O/PEpo and
O/PsT1R (fig. 5). A positive correlation between O/PEpo and O/PsTfR (r = 0.79, p
< 0.001) was found which points to an Epo-driven erythropoiesis. In the figure
the rectangle indicates the 95% confidence interval and the horizontal and ver-
tical lines indicate the lower limit of the O/PEpo, respectively O/PsTfR value.
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Figure 1 — Epo in patients with malignant lymphoma and healthy individuals
Cnuka 1 — Epo kaj tiayueHiiu co maauzer AuMgpom u 30pasu UCHUAHULU
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Figure 2 — Correlation between erythropoietin and hemoglobin in patients
with malignant lymphoma
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Table 2 — Tabena 2

O/P Epo in patients with malignanat lymphoma

O/P Epo kaj liayueHitiu cO MaauzeH aumgpom

O/P Epo
Patients with malignant lymphoma

(n=27)
I stadium (n=0) /
II stadium (n=4) 0.86 £ 0.14
III stadium (n = 8) 0.81 £0.02
IV stadium (n=15) 0.70 + 0.06

Control 1.00 £ 0.11
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Figure 3 — sTfR in patients with malignant lymphoma and healthy individuals
Cnuka 3 — sTfR kaj ilayueHiiu co masuzer AuUM@pom
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Figure 4 — Correlation between sTfR and Hb in patients
with malignant lymphoma

Cnuka 4 — Kopeaauuja mezy sTfR u Hb kaj tiayueHitiu co maauzer aumgpom
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Figure 5 — Correlation between O/P Epo and O/P sTfR in patients
with malignant lymphoma

Cnuka 5 — Kopeaauyuja meéy O/P Epo u O/P sTfR kaj ilayuenitiu
CO MAAUZEH AUMPOM
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Discussion and conclusions

Our results show that in 48% of patients with malignant lymphoma the
erythropoietic activity is reduced in accordance with the sTfR values. Most of
them were patients in the third or the fourth disease stadium. On the other hand,
33% of the patients with malignant lymphoma had inappropriate Epo pro-
duction for the degree of anemia. Low values for O/PEpo were found parti-
cularly in patients in the fourth disease stadium. Patients with inappropriate Epo
also had an inappropriate sTfR response to anemia which is confirmed by the
correlation between O/PEpo and O/PsTfR.

Reduced Epo production in patients with malignant lymphoma has also
been found by others [7, 10]. From the relatively small number of studies which
evaluate the efficacy of recombinant erythropoietin for the treatment of anemia
in patients with malignant lymphoma it was realized that the efficacy of rHuEpo
is greater in patients with inappropriate Epo production. Patients with high se-
rum Epo values needed much higher doses of recombinant erythropoietin to
achieve a reasonable therapeutic effect [10, 11, 12].

In general, a lot of studies which assess the pathogenesis of anemia in
patients with malignant diseases show that, in these patients, the anemia does
not stimulate an appropriate Epo response [13, 14, 15, 16, 17, 18, 19, 20, 21]. In
most of the cases patients do not show an appropriate increase in erythropoietin
concentration with decreasing hemoglobin concentration as is the case with iron
deficiency anemia.

Inhibition of Epo production is thought to be linked to many cytokines
(II-1, TNF, TGF-B, interferons) which otherwise take part in the initiation and
mediation of the inflammatory and immunological reactions in the human body
[22]. Increased serum concentrations of II-1, TNF, INF-y, TGF-B, II-6 are often
found in patients with different cancers [23, 24, 25, 26, 27, 28]. 1I-1, TNF and
TGF in experiments with human hepatoma cell line (model system for inve-
stigation of Epo production regulation) inhibit the Epo production under hypo-
xic conditions. On the contrary, I1-6 stimulates it [29]. The inhibitory action of
these cytokines on the erythroid precursors has been antagonized by supplemen-
ting high Epo doses [30].

In conclusion, the reduced Epo production has an important role in the
pathogenesis of anemia in a significant number of patients with malignant
lymphoma. Unambigously, the anemia in patients with malignant lymphoma
appears because of the decreased erythropoiesis as a consequence of bone mar-
row infiltration with lymphoma cells as well as inadequate Epo production.
Most probably, the inadequate Epo production in patients with malignant lymp-
homa is as that seen in the anemia of chronic diseases whose mechanism is not
clear. Therefore the indications for treatment with rHuEpo should be based on
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the adequacy of endogenous Epo to the degree of anemia, taking into con-
sideration the fact that the concentration of endogenous erythropoietin is not the
only parameter of therapy response to rHuEpo.
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Pe3zume

EPUTPOIIOETUHCKA ITPOAYKIINJA KAJ ITAIIMEHTH CO
MAJ/IATEH IJUM®POM

I'adpuena Kocrosa, Hukona CunjanoBckn

Kaunuxa 3a xemaitionozuja, Yrnueep3auineiticku kaunuuxku yeniuap, Ckoiije,
Peitybauxa Maxeoonuja

AncrtpakTt: JlIumdpomure ce xereporena rpyna Mmaaurasomu. 30-50% op
MaIMeHTUTe, YIITe Ipef IOYHYyBamkEe CO XeMO- M paguoTepanujaTa uMaaT aHe-
muja. [laTorenesara Ha aHemujaTa € MyJATH(AKTOPUEITHA U CE YIIITE HE € HATOJ-
HO jacHa. [loHOBM HcnUTyBama yKaXKyBaaT Ha IMOBP3aHOCT Ha aHeMHMjaTa Kaj
MalUeHTUTe CO TUM(MOMH W HECOOfBeTHAaTa MPOAYKIMja HA EPUTPONOCTHH 3a
masien cteneHn anemuja. O OBWE CO3HAHMja, MPOM3JIe3€e IeTa Ha UCIUTYBAHETO:
fla ce eBajyupa €pUTPONOETHHCKATa MPOAYKIMja Kaj MallMeHTUTE CO MaJUreH
nuMgp oM Kako Ou ce feduHupase KIMHUIKATE COCTOjOU paTeHN cO HEJOCTUT Ha
Epo u rpynara manueHTH Kou OM MMaje HajrojieMa KOPHCT Off TepamnujaTa co
rHuEpo.

HcnuryBanu ce 27 nagueHTH co Manured numdpoM. Kontponnara rpyna
ja coumHyBaaT 25 MalMEeHTH CO aHeMHuja OfI HEelOCTUI Ha Xene3o. 14 3ppaBu
WCIATAHMIM ja IPEeTCTaByBaaT T.H. ,,HOpMaHa KOoHTpoisa“. CoogBeTHOCTa Ha Epo
MpoAyKIMjaTa € TMpolieHyBaHa Of] rpaUUKUOT MPUKa3 Ha JIMHEeapHaTa perpecuja
Mmery Epo u xemorno6unot (Hb) Kaj KOHTpoJHATa Tpyma, Kako W Bp3 OCHOBa Ha
coonHocoT O/PEpo, kako MepKa 3a CTEIIEHOT Ha coofBeTHOCTa Ha Epo npogykuu-
jata (O — omcepsupana Epo Bpengnoct, P — npecmetana Epo BpegHOCT off perpe-
CHOHaTa paBeHKa Ha KOHTpoisata). Epurpomnoerckara akTUBHOCT € MPOIeHyBaHa
ofl rpadpMIKMOT MPUKa3 HA JINHeapHaTa perpecrja Mefy conyOomiHuTe TpaHcde-

TIpunosn, Opx. 6uon. men. Hayku XXVI/2 (2005) 157-168



168 Gabriela Kostova, Nikola Siljanovski

puncku peuentopu (sTfR) u Hb xaj koHTponHata rpyna u coogHocot O/PsTIR,
KaKO MepKa 3a CTEeNIeHOT Ha COOJ[BETHOCTa Ha epUTPOIIoeTcKaTa akTHBHOCT (O —
oncepsupaHa sTfR BpenHoct, P — npecMeTtana sTfR BpefHOCT off perpecuosarta
paBeHKa Ha KOHTpOJaTa).

Hajnena e curamdukanTHa mHBep3Ha kopenanuwja mery Epo m Hb kaj
naruenTuTe co Maiured jgumdom (r = —0.76, p < 0.001). 33% opn maumeHTUTE
uMmaar HecoopiBeTeH Epo onroBop on anemujata. Bpennocra Ha O/PEpo e curnu-
(pukaHTHO MoOMajna BO crmopefda co KOHTpoliaTa M MCTO Taka ro INOTBpPAyBa
MOCTOEHETO HAa HECOOABETHA €PUTPONIOeTHHCKA pofaykiHja. Kaj nanuenrure co
ManureH nuM¢OM MOCTOM CUTHU(PMKaHTHa HeraTuBHa Kopenanuja mefy sTIR u
Hb (r = -0.056, p < 0.001). Hecoonmseten sTfR on anemujaTa mmaat 76 % of mamm-
enture. [To3utuBHaTa Kopenanuja mery O/PEpo u O/PsTfR ynarysa Ha moBp3a-
HOCT Mefy HeCOO[IBeTHAaTa €PUTPONOETUHCKA MPOAYKIKja M HECOOIBETHATA €pH-
Tpomoe3a (r = 0.79, p < 0.001).

Bo 3akmy4ok MOXe fa ce Kaxe jeKka pe3ylTaTuTe Off oBaa CTyAauja
HEBOCMUCIICHO MOKAXKyBaaT eKa aHeMHjaTa Kaj NaleHTHTE CO MAIUTeH JIUM-
(oM ce foNKM Ha cMalleHaTa epuUTPOIOe3a, Koja e Moclefuna Ha tuMgomcKaTa
nHpUITpaldja Ha KOCKeHaTa CpIieBMHA W Ha HecoofiBeTHaTa Epo mpopnykiuja.
IIpu Toa, HecoopseTHaTa Epo mponykiyja Kaj MarueHTUTe CO MaJMTeH JTMMQOM,
HajBEpOjaTHO € Off BUJIOT Ha OHAaa IITO ce cpeKaBa Kaj MaIllueHTUTE CO aHeMHja Off
XpOHNYHH 3a00/TyBaba ¥ IMa HejaceH MeXaHN3aM Ha HacTaHyBambe.

Kny4nu 360poBu: Manures 1uM¢oM, EPUTPONOETHH, COTYOUIHH TpaHC(EePUHCKI
pelenTopu.
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