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ABSTRACT
Objective: To determine the association of peripheral blood counts (cytopenia and normal counts) with bone marrow ﬁndings
in patients with malignant neoplasms.
Study Design: Descriptive study.
Place and Duration of the Study: King Edward Medical University from 2017 to 2019.
Methodology: Patients having malignant diseases, of both gender and all ages, were included. Clinical data and results of bilateral bone marrow aspiration and biopsy were noted. Results were categorised as groups with bone marrow inﬁltration, normal
morphology with normal cellularity and normal morphology with decreased cellularity. Results were analysed using SPSS V21
applying Chi-square test, keeping the conﬁdence interval 95% and p-value of <0.05 as signiﬁcant.
Results: A total of 157 patients were included (107 men, 50 women). The main categories of neoplasm included non-Hodgkin’s
lymphoma [93 (59.2%)] Hodgkin’s lymphoma [31 (19.7%)], and solid organ malignancy [33 (21.0%]. Bone marrow inﬁltration
was seen in 50 (31.8%) patients, normal morphology with decreased cellularity in 51 (32.5%) and normal morphology with
normal cellularity in 56 (35.7%) patients. Cytopenias were seen in 88 (56.1%) patients (out of these 28 (31.8%) had bone
marrow inﬁltrarion, 32 (36.4%) had decreased cellularity and 28 (31.8%) with normal cellularity). In 69 (43.9%) patients with
normal CBC, 22 (31.9%) had inﬁltration, 19 (27.5%) had decreased cellularity and 28 (40.6%) had normal cellularity. No association of cytopenia with bone marrow results was obtained (p = 0.086).
Conclusion: Bone marrow inﬁltration and hypocellularity are not reﬂected by peripheral blood counts. Therefore, bone marrow
biopsy remains decisive in patients with malignant neoplasm for disease staging and selection of treatment options.
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INTRODUCTION

Bone marrow biopsy is an important procedure to assess the
hemopoietic activity. Bone marrow activity along with many
other factors aﬀect the peripheral blood counts. Cytopenia is
the term given when any of the cell line is decreased (anemia,
1
thrombocytopenia or leucopenia alone or in combination).
Bone marrow aspirate yields information regarding
morphology of cells, percentage population and presence of
abnormal cells. Bone marrow trephine biopsy is a useful tool
for determining the morphological relationships between
cells, bone, bone marrow stroma, cellularity and normal
and abnormal cellular distributions and inﬁltration, if
present.2
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Malignant neoplasms are an important cause of morbidity and
mortality throughout the world. In 2018, according to World
Cancer Registry, eight million cases were observed.3 Malignant neoplasms can be broadly divided into lymphoid and
non-lymphoid neoplasms. Lymphomas usually arise in lymph
nodes and/or secondary lymphoid organs. Bone marrow can
be inﬁltrated by these malignant neoplasms. This inﬁltration
aﬀects normal cellular production and can lead to cytopenias.4
Bone marrow is also aﬀected by systemic eﬀects of cytokines
produced by the body in response to tumor. Tumor necrosis
factor alpha (TNF α) and interferon gamma (IFNᵧ) have proven
role in suppression of hemopoietic cells. These along with
other cytokines cause suppression of the normal hemopoietic
activity, and can lead to cytopenias.5-7Nutritional deﬁciencies,
infections and autoimmune phenomenon are also contributory factors in these morbid conditions.8
Few lymphomas arise primarily in the bone marrow like hairy
cell Leukemia, chronic lymphocytic leukemia etc. For those
arising in other tissues, bone marrow biopsy is performed for
staging purposes. According to Ann Arbor classiﬁcation,
lymphoma is classiﬁed as stage 4 if bone marrow inﬁltration is
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present. This staging aﬀects treatment protocol as radiation
therapy plus chemotherapy is given in stage 1 and 2, and
increased cycles of chemotherapy without radiation in stage 3
9
and 4.
Bone marrow biopsy in non-lymphoid neoplasms in presence of
cytopenias is performed to rule out bone marrow inﬁltration.
However bone marrow inﬁltration may even be seen with
normal peripheral counts.9 Bone marrow ﬁndings with
peripheral blood in the form of inﬁltration, decreased cellularity
and nutritional deﬁciency, can help the clinician in making decisions regarding supportive and therapeutic treatment protocols. Few studies have recommended PET scan instead.
However, bone marrow biopsy is still superior due to additional
information obtained from this test as mentioned above.10
The objective of this study was to determine frequency of
cytopenias in patients with malignant neoplasms referred for
bone marrow biopsy and association of peripheral blood counts
(cytopenias and normal blood counts) with bone marrow
ﬁndings in these patients.

METHODOLOGY
This descriptive study was conducted in Pathology Department,
King Edward Medical University Lahore from 2017 to 2019 after
taking approval from the Ethical Research Committee. Patients
of both genders and all ages with established primary diagnosis
of malignant neoplasm referred from the Medical Wards and
Oncology Department of Mayo Hospital were included, while
patients with primary disease of bone marrow, those on treatment for malignancy and having secondary malignancy were
excluded.
Slides of bilateral bone marrow aspiration and paraﬃn
embedded trephine biopsy sections were reviewed for cellularity
and inﬁltration. Bone marrow biopsy results were categorised as
Inﬁltration and without inﬁltration. Those without inﬁltration
were assessed for cellularity and categorised as normal
morphology with decreased cellularity and normal morphology
with normal cellularity. Cellularity was calculated subjectively,
and according to the age of the patient. Data was entered and
analysed on SPSS version 21. Qualitative variables like gender,
age, bone marrow diagnosis, and cellularity were expressed as
percentages and frequencies and Chi-square test was applied as
test of signiﬁcance, keeping the conﬁdence interval of 95% and p
value of ≤0.05.

RESULTS
A total of 157 patients were included in the study with 107
(68.2%) men and 50 (31.8%) women. Out of these 157 patients,
93 (59.2%) patients including 65 (69.9%) men and 28 (30.1%)
women had non-Hodgkin’s lymphoma as the primary diagnosis;
31 (19.7%) patients 20 (64.5%) men and 11 (35.5%) women)
had Hodgkin’s lymphoma; and 33 (21.0%) patients 22 (66.7%)
men and 11 (33.3%) women) presented with solid organ malignancy. The age of the patients varied from 1 to 80 years. NHL
was more common in 51-60 years age group, Hodgkin’s
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lymphoma in 21-30 and 41-50 age group, while solid organ
malignancy cases were mostly of retinoblastoma and this was
more prevalent in 1-10 year age group.
Cytopenias were observed as either single, bicytopenia or
pancytopenia (Table I).
Out of the 157 patients, 50 (31.8%) patients had inﬁltration, 51
(32.5%) patients had decreased cellularity for age of the patient
and 56 (35.7%) patients had normal cellularity. Association of
cytopenia with bone marrow inﬁltration, decreased cellularity
and normal marrow was determined (Table II) and no association was seen (p = 0.086, Table III).
Table I: Frequency of cytopenias.
Cytopenias

Frequency

Percentage %

None

69

43.9

Anemia

53

33.8

Thrmbocytopenia

5

3.2

Leukopenia

1

0.6

Anemia and thrmbocytopenia

15

9.6

Anemia and leukopenia

6

3.8

Pancytopenia

8

5.1

157

100.0

Total

DISCUSSION
In this study, 157 patients were included; 93 (59.2%) patients
had NHL, being more prevalent in males. Study conducted by
Horesh et al. also reported male predominance due to protective eﬀects of female sex hormone, pregnancy, live births and
use of oral contraceptives.11
In 93 patients of NHL, bone marrow inﬁltration was seen in 32
(34.4%) patients; while 61 patients had normal morphology
bone marrow with decreased celluarity (32 patients) and
normal cellularity (31 patients). Results of study conducted by
Sultan et al. (31.5%) are in accordance with the present study.4
However, this frequency of bone marrow inﬁltration varies from
places to places and has been found to be 27% in Australia,
61.4% in Israel, 32% in USA, and 33.8% in Croatia.12
In NHL patients, cytopenias were seen in 47 (50.54%) patients,
while 46 (49.46%) patients had normal peripheral counts.
Among the patients with cytopenias 22 (46.8%) patients had
bone marrow inﬁltration, 13 (27.66) had decreased cellularity
and 12 (25.53%) had normal cellularity. In patients with normal
counts 10 (21.73%) had bone marrow inﬁltration, 17 (36.95%)
had decreased cellularity and 19 (41.3%) had normal cellularity. This data suggests that one of the important causes of
cytopenia is decreased cellularity of bone marrow. However,
bone marrow inﬁltration can be seen even with normal counts.
This was also highlighted by Lim et al., who saw 66% patients
having anemia and marrow inﬁltration in 46% patients.13A study
by H. Soliman attributed marrow hypocellularity and a high International prognostic index (IPI) (p<0.05) to raised levels of TNFα
and L-selectin in NHL patients leading to increased BM reticular
cells, macrophages and ﬁbroblasts.14
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Table II: Bone marrow diagnosis and peripheral blood counts.
Diagnosis

NHL

HL

Solid organ
malignancy

Cytopenia

Bone marrow diagnosis

p-value

Inﬁltration

NMM dec cellularity

NMM with NC

Total

None

10 (31.25%)

17 (56.67%)

19 (61.29%)

46 (49.46%)

Single cytopenia

12 (37.5%)

10 (33.33%)

8 (25.81%)

30 (32.26%)

Bicytopenia

6 (18.75%)

3 (10.0%)

3 (9.68%)

12 (12.89%)

Pancytopenia

4 (12.5%)

0 (0%)

1 (3.23%)

5 (5.37%)

Total

32 (100%)

30 (100%)

31 (100%)

93 (100%)

None

4 (80.0%)

4 (57.14%)

8 (42.11%)

16 (51.61%)

Single cytopenia

0 (0%)

3 (42.86%)

9 (47.37%)

12 (38.71%)

Bicytopenia

0 (0%)

0 (0%)

1 (5.26%)

1 (3.23%)

Pancytopenia

1 (20%)

0 (0%)

1 (5.26%)

2 (6.45%)

Total

5 (100%)

7 (100%)

19 (100%)

31 (100%)

None

3 (23.08%)

3 (21.43%)

3 (50%)

9 (27.27%)

Single cytopenia

6 (46.15%)

9 (64.29%)

3 (50%)

18 (54.54%)

Bicytopenia

3 (23.08%)

2 (14.29%)

0 (0%)

5 (15.15%)

Pancytopenia

1 (7.69%)

0 (0%)

0 (0%)

1 (3.03%)

Total

13 (100%)

14 (100%)

6 (100%)

33 (100%)

0.223

0.419

0.194

Table III: Association of various cytopenias.

Name of cytopenia

None

NMM dec
cellularity

NMM with NC

Total

p
value

0.032

17 (34%)

24 (47.06%)

30 (53.57%)

71 (45.22%)

15 (30.0%)

20 (39.22%)

18 (32.14%)

53 (33.76%)

3 (6.0%)

1 (1.96%)

2 (3.57%)

6 (3.82%)

Leukopenia

0 (0%)

1 (1.96%)

0 (0%)

1 (0.6%)

Anemia and thrombocytopenia

9 (18%)

3 (5.88%)

2 (3.57%)

14 (8.92%)

Anemia and leukopenia

0 (0%)

2 (3.92%)

2 (3.57%)

4 (2.55%)

Pancytopenia

6 (12%)

0 (0%)

2 (3.57%)

8(5.10%)

50 (100%)

51 (100%)

56 (100%)

157 (100%)

Anemia
Thrombocytopenia

Total

Inﬁltration

In 31 patients of Hodgkin’s lymphoma, inﬁltration was seen in 5
(16.1%) patients. It is almost in accordance with the study by
Lone et al. In our study, cytopenias were seen in 15 patients.
Out of these 15 patients, cytopenias were seen with bone
marrow inﬁltration in 1 (6.67%) patient, 3 (20%) patients had
cytopenias due to decreased cellularity of bone marrow and 11
(73.33%) patients had cytopenias with normal morphology bone
marrow. In a study conducted by Hohaus et al., anemia was
seen in 40% of the patients and this was associated with raised
levels of Hepcidin, which is stimulated by TNF and other
cytokines. In a recent study by Linaburg et al, increased incidence of aplastic anemia was found to be associated with
Hodgkin’ s disease and most probable etiology was immune
15
dysregulation. Similar mechanisms are involved in inducing
marrow hypocellularity.
In solid organ malignancy, majority of the cases were of round
blue cell tumor. Inﬁltration was seen in 13 out of 33 patients
(39.39%), decreased cellularity in 14 patients (42.4%) and
normal cellularity in 6(18.2%) patients. Cytopenias were
observed in 24 out of 33 (72.7%) patients; 10 (41.7%) of
cytopenic patients had inﬁltration, while 11 (45.8%) patients
had decreased cellularity and 3 (12.5%) patients had normal
cellularity. This data suggests that bone marrow suppression in

the form of decreased cellularity is more pronounced in these
neoplasms. A study conducted by Rastogi et al. showed 54%
marrow involvement in neuroblastoma, while anemia was seen
both in involved and uninvolved cases, 39% patients had
anemia and thrombocytopenia without bone marrow
inﬁltration.16
TNF α, IFN ᵧ and other cytokines have established inhibitory
eﬀects on hemopoietic progenitor cells. TNF has contributory
role in raising levels of hepcidin. Hepcidin is a key protein in
anemia of chronic disease. A study conducted by Atinkson et al.
described rise in hemoglobin and fall in hepcidin levels after
anti-TNF-therapy.17
No signiﬁcant association was found in low peripheral blood
counts and marrow involvement (inﬁltration / hypo cellularity);
still the morphological ﬁndings of bone marrow biopsy are decisive in the management of patients regarding treatment protocols, transfusion requirements and frequency of follow-up
visits.

CONCLUSION
Peripheral blood cytopenias are not a predictor of bone marrow
morphological ﬁndings.
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Bone marrow biopsy remains a highly eﬀective tool in malignant
neoplasm management. It provides information about staging of
the disease and haemopoetic activity of bone marrow; thus
enabling the treating clinician selecting appropriate treatment
options for the patients.
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