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Parameters of the erythroid, granulocytic, and megakaryocytic hemopoietic stems were
compared in 87 patients with aggressive and indolent non-Hodgkin’s lymphomas before and
6 months after the start cytostatic therapy. Before chemotherapy anemia was detected in 46%
patients with aggressive and 49% patients with indolent lymphomas. Hemoglobin content,
peripheral blood erythrocyte count, and total count of erythroid cells in the bone marrow
increased during chemotherapy in the indolent lymphoma group. Increased count of erythroid
cells in the myelogram was due to decreased count of lymphoid cells in the bone marrow,
which was associated with complete or partial remission. In aggressive lymphoma chemo-
therapy decreased the mean level of hemoglobin and mean erythrocyte count in the peripheral
blood, but the total count of erythroid cells in the bone marrow increased; no relationship
was detected between lymphocyte count in the bone marrow and erythropoiesis charac-
teristics. Lymphocytosis >50% in the myelogram before chemotherapy was less frequent in
this group in comparison with indolent non-Hodgkin’s lymphomas.
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Anemia in patients with malignant tumors remains a
pressing problem of oncology and hematology. This
frequent complication of lymphoproliferative diseases
deteriorates the tolerance of antitumor treatment, im-
pairs quality of life, and reduces life span [8-10,14].

The characteristics of the hemopoietic erythroid
stem in patients with indolent and aggressive non-
Hodgkin’s lymphomas (NHL) were never compared.
The data on the pathogenetic mechanisms of the ane-
mic syndrome in indolent and aggressive NHL are
scanty. The mechanism of development or progress of
anemia in NHL patients during cytostatic therapy is
also poorly understood [11,13,15].
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We studied erythropoiesis in patients with aggres-
sive and indolent NHL before and during cytostatic
therapy.

MATERIALS AND METHODS

A total of 87 patients with NHL (53 males and 31
females ones, mean age 56.7 years) were examined.
The patients were divided into groups with aggressive
(n=46) and indolent (n=41) NHL. All patients were
examined and treated at State Novosibirsk Regional
Clinical Hospital.

The disease was diagnosed in all cases in accord-
ance with the working formulation (1982); stages of
NHL were diagnosed in accordance with Ann Arbor
classification (1971). Bone marrow involvement was
detected in 12 patients with aggressive NHL and 32
with indolent NHL.

Patients with aggressive NHL received combined
chemotherapeuty according CHOP, CHOEP, BACOD,
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or RACOP protocols. Patients with indolent NHL recei-
ved cyclophosphamide monotherapy, COP and CHOP
protocols. Chemotherapy efficiency was evaluated by
common criteria 6 months after diagnosis and start of
therapy [1]. Cytostatic therapy led to complete and
partial remission in 24 cases in both groups.

Peripheral blood smears and bone marrow speci-
mens stained by the method of Romanowskii—Giem-
sa were prepared before and after 6-month chemo-
therapy. Parameters reflecting normal hemopoiesis
status were correlated to lymphocyte count in the bone
marrow. For studies of the hemopoietic erythroid, gra-
nulocytic, and megakaryocytic stems, the patients were
divided into groups basing on the normal values of the
hemogram and myelogram [2].

The results were processed using Epi Info soft-
ware. Variables were compared using Student’s ¢ test
and ANOVA; the Kruskal—Wallis nonparametrical
test was used for abnormal distribution. Contingency

tables were used for the analysis of the distribution
frequencies; the logistic regression model for odds
ratio (OR) evaluation and estimation of 95% confi-
dence interval (CI) was used for evaluating the pro-
gnostic significance of variables. Large samples were
analyzed using ¥ test by the Mantel—Hanszel method
with Yates’ correction, small samples were analyzed
by precise Fisher’s test. The relationship between vari-
ables was evaluated by the coefficient of correlations
(r). The differences were considered significant at
p<0.05.

RESULTS

Before chemotherapy anemia was diagnosed in 41 of
87 patients (47.1%): severe in 1 (1.1%), medium in 11
(12.6%), and mild in 29 (33.3%) patients.

The incidence of the anemic syndrome was vir-
tually the same in the two groups before chemotherapy

TABLE 1. Hemogram and Myelogram of Patients with Aggressive and Indolent NHL before Chemotherapy

Patients with NHL Significance of
Parameter Total differences, p
aggressive indolent
Hemogram

hemoglobin below 120 g/liter 21 20 41 0.939
>120 g/liter 25 21 46

erythrocytes <4.0x10"?/liter 22 23 45 0.578
>4.0x10"?/liter 24 18 42

leukocytes >9.0x10°%/liter 30 15 45 0.014
>9.0x10%/liter 16 26 42

lymphocytes <40% 34 16 50 0.002
>40% 12 25 37

segmented neutrophils <45% 17 26 43 0.025
>45% 29 15 44

monocytes <9% 35 36 71 0.258
>9% 11 5 16

platelets <150.0x10%/liter 13 10 23 0.869
>150.0x10°%/liter 33 31 64

Myelogram

erythroid cells <14.5% 24 28 52 0.190
>15.5% 22 13 35

lymphocytes <14% 27 16 43 0.106
>14% 19 25 44

monocytes <3% 39 35 74 0.822
>3% 7 6 13

myelocytes <7% 13 26 39 0.002
>7% 33 15 48

stab neutrophils <12.8% 35 33 68 0.813
>12.8% 11 8 19

segmented neutrophils <13% 14 19 33 0.192
>13% 32 22 54
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TABLE 2. Hemogram and Myelogram before and after Chemotherapy in Patients with Aggressive and Indolent NHL (M+m)

Patients with NHL

Parameter
aggressive indolent total
Hemogram
hemoglobin, g/liter before chemotherapy 120.22+3.68 120.63+3.40 120.41+£2.47
after chemotherapy 116.37+£3.81* 126.08+3.36* 120.99+2.50
erythrocytes, x10'?/liter before chemotherapy 3.89+0.11 3.84+0.11 3.87+0.08
after chemotherapy 3.79+0.13* 4.03+0.10* 3.90+0.76*
Myelogram
erythroid cells, % before chemotherapy 15.32+1.33 11.54+1.72 13.54%0.9
after chemotherapy 16.27+1.87** 16.1+£1.6* 16.14+1.20*
lymphocytes, % before chemotherapy 21.30+3.54 41.46+6.40 30.8+3.1
after chemotherapy 22.71+£3.90 31.47+4.10* 26.98+2.90*

Note. *p<0.001, **p<0.01 compared to the corresponding parameters before chemotherapy.

(Table 1): 21 (46%) patients in the aggressive and 20
(49%) in the indolent NHL groups. The number of
patients with low hemoglobin level, erythrocyte counts
in the peripheral blood, and decreased counts of ery-
throid cells in the bone marrow was the same in the
two groups (Table 1); mean hemoglobin levels and
erythrocyte counts in the peripheral blood were the
same (Table 2). On the other hand, myelograms of
patients with aggressive NHL showed higher counts of
erythroid cells (15.32+1.47% in aggressive and 11.54+
1.41% cells in indolent NHL, p<0.001).
Chemotherapy decreased the mean hemoglobin
level in aggressive NHL and increased it in indolent
NHL. Anemia (hemoglobin <120 g/liter) was more
often observed before therapy than after it (47 and
40%, respectively, p<0.001). These changes were most
pronounced in indolent NHL (p<0.05; Fig. 1). The
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Fig. 1. Incidence of anemic syndrome in patients with aggressive

(dark bars) and indolent (light bars) non-Hodgkin’s lymphomas
before (1) and after (2) chemotherapy.

incidence of the anemic syndrome in the patients with
aggressive NHL before and after chemotherapy was
virtually the same.

Cytostatic therapy increased the counts of ery-
throid cells in myelograms of all patients and decrea-
sed lymphocyte counts in the bone marrow (Table 2).
Similar changes in hemoglobin level, erythrocyte count,
and erythroid cells were recorded in myelograms of
patients with indolent NHL, in contrast to patients
with aggressive NHL in whom these shifts were oppo-
sitely directed.

Hemoglobin level and erythrocyte counts in the
peripheral blood of patients with aggressive NHL de-
creased after chemotherapy, while the total count of
erythroid cells in the bone marrow increased. In pa-
tients with indolent NHL chemotherapy increased (vs.
the initial levels) parameters characterizing erythro-
poiesis (mean hemoglobin level, erythrocyte count in
the peripheral blood, and total count of erythroid cells
in the bone marrow).

The initial values of hemogram and myelogram
reflecting the status of other hemopoietic stems were
different in the two groups before cytostatic therapy
(Table 1). Indolent NHL were more often associated
with changes caused by tumor infiltration of the bone
marrow: leukocytosis with lymphocytosis and granu-
locytopenia in differential leukocyte acount, decreased
myelocyte count in the myelogram. An inverse rela-
tionship between lymphocyte and erythroid cell counts
in myelogram was detected (r=-0.44). Lymphocyte con-
tent >50% in the bone marrow of patients with in-
dolent NHL was a factor associated with a decrease
in the total number of erythroid cells in the myelogram
below 14.5% (p=0.014).

The detected reduction of the hemopoietic ery-
throid stem in patients with indolent NHL with more
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than 50% lymphocytes in the bone marrow prompted
us to investigate the effect of this degree of lympho-
cytosis on other hemopoietic stems and hemogram
parameters (Table 3). Bone marrow lymphocytosis
>50% before chemotherapy was associated with throm-
bocytopenia and granulocytopenia (according to hemo-
grams) and with decreased count of granulocytic stem
cells in the myelogram (myelocytes, stab and seg-
mented neutrophils).

Before chemotherapy patients with indolent NHL
with and without >50% lymphocytosis in the myelo-
gram did not differ by the levels of hemoglobin, ery-
throcyte and monocyte counts in the peripheral blood,
and monocyte counts in the bone marrow. On the
other hand, the increase in the counts of erythroid cells
in the myelogram after chemotherapy was associated
with a decrease in the count of lymphoid cells in the
bone marrow (r=-0.51). Decreased count of lymphoid
cells in the myelogram as a result of cytostatic therapy
was associated with complete and partial remission
(OR=2.43, 95% CI 1.14-5.20; p=0.012).

No relationship between lymphocyte content in
the bone marrow and parameters characterizing ery-
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thropoiesis was detected in the patients with aggres-
sive NHL. Lymphocytosis >50% in the myelogram
before chemotherapy was recorded in 6 of 46 patients,
which was much more rare (p=0.011) than in patients
with indolent NHL.

Presumably, the development of anemia in ag-
gressive NHL is associated with a negative effect of
the tumor clone on erythropoiesis mediated by ex-
cessive secretion of proinflammatory cytokines (IL-1,
IL-6, TNF-ar). These cytokines inhibit the production
of erythropoietin (stimulating division and maturing of
erythroid precursor cells in the bone marrow), promote
the development of redistributional deficit of iron (in-
tracellular accumulation of this element in tissue ma-
crophages in the presence of its decreased content in
the blood serum [5,12]).

Anemia often develops or augments during cyto-
static therapy, which can be explained by the negative
effect of the absolute majority of clinically used anti-
tumor drugs on erythropoiesis [3,4]. Anemia after che-
motherapy courses was observed in 22 patients with
aggressive NHL. In 9 of these 22 cases decreased hemo-
globin level and erythrocyte count in the peripheral

TABLE 3. Hemogram and Myelogram and Bone Marrow Lymphocyte Count in NHL Patients before Chemotherapy

Number of patients with lymphocyte
percentage in myelogram

Parameter
>50% (n=16) <50% (n=25) OR
Hemoglobin <90 g/liter 3 2 1.66
>90 g/liter 13 23 (0.72-3.84)
Erythrocytes in hemogram <4.0x10'?/liter 9 14 1.01
>4.0x10"?/liter 7 11 (0.24-4.31)
Platelets in hemogram <150.0x10° g/liter 8 2 3.10
>150.0x10° g/liter 8 23 (1.58-6.07)
Segmented neutrophils in hemogram** <45% 16 10 —
>45% 0 15
Monocytes in hemogram <9% 15 21 2.08
>9% 1 4 (0.35-12.54)
Erythroid cells in myelogram <14.5% 15 13 6.96
>14.5% 1 12 (1.03-47.24)
Myelocytes in myelogram <7% 15 11 8.65
>7% 1 14 (1.27-59.14)
Stab neutrophils in myelogram* <12.8% 16 17 —
>12.8% 0 8
Segmented neutrophils in myelogram** <13% 13 6 5.02
>13% 3 19 (1.68-15.00)
Monocytes in myelogram <3% 15 20 2.57
>3% 1 5 (0.41-16.02)

Note. *p<0.05, **p<0.001. 95% Cl is shown in parentheses.
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blood were associated with high total count of ery-
throid cells in the myelogram and were not caused by
blood loss. In 5 of these 9 cases the anemic syndrome
was initially absent and appeared only after chemother-
apy. In this group hemolysis was more often recorded in
patients receiving chemotherapy (in 1 of 9 cases before
and in 4 of 9 cases after chemotherapy, p<0.01).

Decreased levels of hemoglobin and erythrocytes
in the presence of increased count of erythroid cells
in the bone marrow in patients with aggressive NHL
can be caused by hemolysis induced by cytostatics.
Some scientists noted prooxidant effects of cytostatics,
which impaired metabolism and membrane structures
of the peripheral blood erythrocytes and bone marrow
erythrokaryocytes by stimulating free-radical oxida-
tion, this leading to increase of hemolysis [6,9].

Hence, tumor reduction after cytostatic therapy is
not associated with suppression of erythropoiesis in
patients with indolent NHL, treated by chemotherapy
protocols with low myelotoxicity; hemoglobin level
and erythrocyte counts in the peripheral blood increa-
se, which is associated with the disease remission. In
aggressive NHL the tumor effects caused by the pro-
duction of humoral factors, are essential for the gene-
sis of anemia. In these patients cytostatic therapy can
be associated with persistence or development of ane-
mia, including that with hemolysis elements.
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