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Abstract

Background

Many diagnostic challenges arise due to insufficient experience with 
reactive bone marrow changes which can be sometimes confused with 
neoplastic disorders. 

Aim

To identify various reactive changes affecting bone marrow cells and 
stroma in response to different neoplastic and non neoplastic disorders 
in bone marrow biopsies 

Methods 

We carried out retrospective analysis of bone marrow reactive changes in 
205 trephine biopsies obtained at Oncology centre, Mansoura University, 
Egypt from 2010 to 2016. Four micrometer thick sections were stained 
with H&E. Reticulin stain was used for grading of myolefibrosis. 
Immunohistochemical staining of CD20 and CD3 were used  to confirm 
reactive lymphoid proliferation.  CD138 and CD56 was used to assess the 
percentage and the neoplastic nature of plasma cells. 

Results 

The patient’s clinical disorders were grouped into neoplastic disorders 
that included 113 cases (55.1%) and non neoplastic disorders included 
92 cases (44.9%). Cytopenias were the most common findings in 
peripheral blood picture. Reactive lymphoid proliferations (confirmed by 
immunohistochemical staining for CD20 and CD3) were detected in 23.9 
% of cases , reactive plasmacytosis (confirmed by immunohistochemical 
staining for CD138 ) in 11.7 %, erythroid hyperplasia in 22.9 % of cases, 
megakaryocytes hyperplasia in 11.7 %, myeloid hyperplasia in 7.8%, 
marrow hypoplasia and aplasia in 26.3 % and 7.8% respectively, secondary 
dysplasia in 22 % and myelofibrosis in 25.9%. Bone marrow aspirate 
showed positive correlation with biopsy in detection of reactive changes.

Conclusion 

We concluded that many reactive changes occur in bone marrow in 
response to different neoplastic and non neoplastic diseases. 
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Introduction

Bone marrow (BM) examination is an integral component of the 
assessment of different hematological and non-hematological disorders 
[1]. Many conditions such malignancies, infections and immune disease 
modify the cellular and interstitial component of marrow which can be 
studied in bone marrow aspiration and biopsy [2].  Knowledge of the 
normal composition of BM and its normal variations is required for 
accurate morphological examination of bone marrow biopsies (BMBs), 
however diagnostic challenges may arise due to insufficient experience 
with reactive BM changes which can be sometimes confused with 
neoplastic disorders [3].  

BM reactive changes can affect quantity or quality of one or more 
hematopoietic cell lines, or affect the BM stroma [3]. Distinction between 
reactive marrow changes and neoplastic infiltrates needs an integrated 
approach combining clinical and laboratory data with BMB findings 
together with the results of other ancillary tests [4].  Reactive changes 
can be in the form of hyperplasia involving one or more cell lines mostly 
in response to peripheral consumption or intrinsic marrow insult or it 
can take the form of hypoplasia or even aplasia. Secondary dysplastic 
changes can also occur as an effect of therapy or neoplasms involving the 
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marrow [5] and their differentiation from myelodysplastic syndromes can 
be problematic in some cases [4]. On the other hand, bone marrow stroma 
may respond to different diseases as in cases of secondary myelofibrosis 
(MF) [6].  

Hyperplasia can involve lymphoid or myeloid series. Reactive lymphoid 
proliferations may be either an interstitial increase in lymphocytes or 
take the form of lymphoid aggregates [7]. Benign lymphoid aggregates 
(BLAs) although seen only in a minority of BM specimens, they are 
diagnostically significant as they have to be distinguished from non-
Hodgkin lymphoma (NHL) infiltrates, particularly B-cell lymphomas [8]. 
Moreover reactive plasmacytosis that can be seen in various conditions 
have to be differentiated from plasma cell dyscrasis [9].  

Furthermore, myeloid reactive proliferations including erythroid, 
granulocytes, monocytes and megakaryocytes hyperplasias are also seen 
as a response to hematopoietic and non hematopoietic disorders [10] 
and their differentiation from myeloproliferative neoplasms should be 
considered [11].  

So, the aim of our study was to identify various reactive changes affecting 
bone marrow cells and stroma in response to different neoplastic and non 
neoplastic disorders in bone marrow biopsies.

Material and Methods

We carried out retrospective analysis of bone marrow reactive changes 
in trephine biopsies obtained for various indications at Oncology centre, 
Mansoura University, Egypt from January 2010 to January 2016. Patient’s 
age, sex, clinical presentation were recorded. Results of peripheral blood 
picture (PBP) and bone marrow aspirates (BMA) were reviewed. Total 
number of 205 bone marrow biopsies were evaluated. The bone marrow 
biopsies obtained by Jamshidi needle (8G x 10cm) were fixed in 10% 
formalin solution, decalcified by formic acid 10% and paraffin embedded. 
Four micrometer thick sections were stained with hematoxylin-eosin. 
Reticulin stain was used for grading of MF. Immunohistochemical staining 
of CD20 and CD3 were used  to confirm reactive lymphoid proliferation.  
CD138 and CD56 to assess the percentage and the neoplastic nature of 
plasma cells. 

Results

The study included 116 males and 89 females with age ranged from 2 to 79 
years with mean age 45.68±16.93 SD. The patient’s clinical disorders were 
grouped under two main headings: neoplastic disorders that included 113 
cases (55.1%) and non neoplastic disorders included 92 cases (44.9%) and 
each category included different disease entities which were illustrated at 
table (1). Among neoplastic disorders, lymphomas were the major group 
included 93 cases (82.3%) of total neoplastic cases.

Clinical history No %

Non neoplastic
(n=92)

Chronic disease 1 51 55.4%

Chronic infections2 22 23.9%

Non neoplastic hematological 
disorders3

19 20.7%

  Neoplastic
 (n=113)

Lymphoma4 93 82.3%

Hematological neoplasms 
other than lymphoma5

5 4.4%

Non hematological neoplasms6 15 13.3%

Table 1: Clinical history of all studied cases.

CBC findings

Non 
neoplastic 
(n=92)

Neoplastic 
(n=113) P

No % No %

Normal 4 4.3% 27 23.9%

<0.001*

Cytopenias 71 77.2% 61 54.0%

Lymphocytosis 0 0.0% 18 15.9%

Leucocytosis 4 4.3% 6 5.3%

Thrombocytosis 3 3.3% 1 0.9%

Elevated 
hemoglobin

7 7.6% 0 0.0%

Eosinophilia 3 3.3% 0 0.0%

Table 2: Peripheral blood picture in neoplastic and non neoplastic 
conditions.

P:Probability    *:significance <0.05  Test used:Pearson’s chi-square  

1: Chronic diseases included: chronic liver diseases, chronic renal 
diseases, immune disorders, 
2: Chronic infections included: Hepatitis B, C virus, bilharziasis, 
3: Non neoplastic hematological disorders: Castelman disease, ITP, 
cytopenias and polycythemia, thrombocytosis, 
4: Lymphoma cases may have another associated chronic infections or 
chronic diseases 
5: Hematological neoplasms other than lymphoma: Multiple myeloma, 
acute myeloid leukemia, myelodysplastic syndrome and Langerhans cell 
histiocytosis, 
6: Non hematological neoplasms: cancer breast, cervix, larynx, thyroid, 
liver and neuroblastoma.

As regard peripheral blood picture; cytopenias were the most common 
findings. All cases of lymphocytosis had history of lymphoma. The 
peripheral blood picture was statistically significant between neoplastic 
and non neoplastic cases (P value<0.001) [Table 2].
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As regard bone marrow aspirate, only 157 cases (76.6%) showed adequate aspirates while 48 cases (23.4%) showed diluted aspirates or dry taps.  Neoplastic 
and non neoplastic cases varied significantly in their cellularity and other BMA findings (P value<0.001, 0.01 respectively) [Table3].

Bone marrow aspirate

Non –neoplastic 
(n=92)

Neoplastic
(n=113) P

No % No %

Cellularity

Normocellular 20 21.7% 48 42.5%

<0.001*
Hypocellular 18 19.6% 5 4.4%

Hypercellular 36 39.1% 30 26.5%

Dry tap or diluted 18 19.6% 30 26.5%

Findings

Normal 31 33.7% 44 38.9%

0.01*

Erythroid H** 23 25.0% 18 15.9%

Megakaryocytic H** 6 6.5% 2 1.8%

Increased lymphocytes 1 1.1% 9 8.0%

Plasmacytosis 2 2.2% 2 1.8%

Eosinophilia 1 1.1% 2 1.8%

Hypoplasia 10 10.9% 3 2.7%

Malignant cells 0 0.0% 3 2.7%

Dry tap 18 19.6% 30 26.5%

Table 3: Bone marrow aspirate findings in neoplastic and non neoplastic conditions.

P:Probability *:significance <0.05 Test used:Pearson’s chi-square **Hyperplasia

Figure 1: Reactive lymphoid aggregate with germinal center in cirrhotic 
patient(H&E x400)

Figure 2: Reactive lymphoid aggregate in a case of MDS, (H & E x 100).

Various reactive paremchymal changes were detected in BMB. Reactive lymphoid proliferation were found in the form of 1-reactive lymphoid aggregates 
(mixed B and T lymphocytes confirmed by immunohistochemical staining for CD20 and CD3) in 8 cases of the non-neoplastic disorders and 17 cases 
of the neoplastic disorders (figures 1-4). 2-reactive scattered T lymphocytosis (confirmed by immunohistochemical staining for CD3) in exclusively 17 
neoplastic lymphoma cases.  3-reactive interstitial mixed lymphocytosis (confirmed by immunohistochemical staining for CD20 and CD3) in 4 cases of 
the non-neoplastic disorders and 3 cases of the neoplastic disorders [Table 4]. 
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Figure 3: Reactive lymphoid aggregate with mixed B and T lymphocytes 
pattern (CD20 x200).

Figure 4: Reactive lymphoid aggregate with mixed B and T lymphocytes 
pattern (CD3 x200).

Reactive parenchymal bone 
marrow changes

Non – neoplastic Neoplastic
PNo % No %

Reactive lymphoid proliferation(n=49)

Reactive lymphoid  aggregates(mixed 
B &T)

8 66.7% 17 45.9%

0.006*-Reactive scattered T lymphocytosis 0 0.0% 17 45.9%
-Reactive scattered B or mixed 
lymphocytosis

4 33.3% 3 8.1%

Plasma cell %(n=205)

<5% 78 84.8% 103 91.2%
0.35-10% 4 4.3% 2 1.8%

>10% 10 10.9% 8 7.1%
Reactive erythroid series(n=205)

Normal 24 26.1% 62 54.9%

<0.001*Hypoplasia 17 18.5% 24 21.2%
Hyperplasia 31 33.7% 16 14.2%
Dyserythropoiesis 20 21,7% 11 9.7%
Granulocytic series (n=205)
Normal 51 55.4% 77 68.1%

0.14Hypoplasia 30 32.6% 29 25.7%
Hyperplasia 9 9.8% 7 6.2%
Dysplasia 2 2.2% 0 0.0%
Megakaryocytes series(n=205)
Normal 23 25% 59 52.2%

<0.001*Hypoplasia 27 29.3% 29 25.7%
Hyperplasia 12 13% 12 10.6%
Dysplasia 30 32.6% 13 11.5%
Fibrosis
G0-2 70 85.9% 73 64.6%

0.001*G3 8 8.7% 15 13.3%
G4 5 5.4% 25 22.1%

Table 4: Reactive parenchymal and stromal bone marrow changes in response to neoplastic and non neoplastic conditions
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Reactive plasmacytosis was detected in twenty four cases (11.7%) with percentage ranged from (5 - >10%) [Table 4]. Histopathologically; these cases 
showed mature plasma cells that attained perivascular locations (figure 5) or occurred in small clusters. CD138 highlighted the plasma cells and 
determined their percentage (figure 6). All cases were negative for CD56.

Figure 5: Perivascular arrangement of reactive plasma cells in cirrhotic 
patient, (H & E x400).

Figure 6: CD138 highlighted the perivascular plasmacytosis (CD138 
x400).

Erythroid series showed hyperplasia, hypoplasia or dysplasia in response to various neoplastic and neoplastic disorders [Table 4]. Erythroid hyperplasia  
was detected in 47 cases (22.9%) (Figure 7).

Figure 7: Erythroid hyperplasia with dyserythropoiesis in Autoimune 
hemolytic anemia, (H & E x400).

Figure 8: Reactive eosinophilic hyperplasia in Langerhans cell 
histiocytosis without BM involvement, (H & E x 400).

Granulocytic hyperplasia was present in 16 cases (7.8%), 12 out of them 
showed dominant eosinophilic series. They included 2 cases of Langerhans 
cell histiocytosis (figure 8), 3 cases of Hodgkin lymphoma without BM 
involvement, 2 cases of non Hodgkin lymphoma, 2 cases of HCV, 2 cases 
with fever of unknown origin and one case with bilharzial infection. Two 
cases of histiocytic proliferations were also detected; one in the form of 
epitheloid granuloma detected in a case of Hodgkin lymphoma (figure 9) 
and the other was hemophagocytic syndrome in a case of acute myeloid 
leukemia.



Volume 4; Issue 2; 054

Page 6 of 9Citation: l-Sherbiny S, El-Hawary AK, Eladl E and Zalata K (2018) Reactive Changes in Bone Marrow Biopsies: A Clinicopathological 
Study. BAOJ Cancer Res Ther 4: 054.

BAOJ Cancer Res Ther, an open access journal

Figure 9: Epitheloid granuloma in a patient with Hodgkin lymphoma, 
(H & E x 400).

Figure 10: Reactive megakaryocytic hyperplasia in patient with 
peripheral platelets destruction, (H & E x400).

Megakaryocytes hyperplasia was detected in twenty four cases (11.7%) [Table 4] (figure 10), twenty of them were thrombocytopenic and four 
demonstrated thrombocytosis on blood picture. 

Figure 11: Bone marrow failure, in renal transplant patient, (H&E x100). Figure 12: Myelofibrosis  in case of metastasis of unknown origin, (H&E 
x400). 

Aplastic anemia (AA) was detected in sixteen cases representing (7.8%) of total studied cases. They showed hypocellular BM on aspirate in 62.5% of 
cases, 25% were dry tap and only 12.5% showed cellular marrow. Bone marrow biopsies of these cases showed reduction in all series (figure 11) except 
for three cases which demonstrated erythroid hyperplasia and one case showed reactive plasmacytosis. Secondary MF was detected in 53 cases (25.9%) 
[Table 4], (figure 12).
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Reactive changes affecting lymphoid (P value=0.006) ,erythroid (P 
value<0.001), megakaryocytes series (P value<0.001) and MF (P =0.001) 
showed  statistical significant difference between neoplastic and non 
neoplastic disorders [Table 4].

BMA in the present study showed positive correlation with biopsy in 
detection of reactive changes in (39.5%) of cases having adequate BMA. 
Cases with erythroid hyperplasia showed the highest positive correlation 
(87.2%) as shown in table 5.

Discussion

This study was conducted on 205 BM trephine biopsies showing various 
reactive changes involving BM parenchyma and stroma, in response to 
different diseases. Our study showed that reactive changes detected in 
BM were not disease specific and this was compatible with Diebold et al, 
[12] study on BM changes in infections and systemic diseases who stated 
that morphologically similar bone marrow lesions can arise from different 
pathological agents and one disease can cause several different marrow 
lesions.

In this study,  the clinical disorders, that contributed to the reactive 
bone marrow changes, were grouped into neoplastic and non neoplastic 
disorders. Lymphoma was the most commonly detected neoplastic 
disorder (82.3% of the neoplastic disorders). This could be explained 
by the fact that most BMBs were done for assessment of lymphoma 
patients. This was in agreement with Picken et al, [13] who stated that 
the pathological assessment of the BM plays a central role for diagnosis, 

prognosis, monitoring and management of malignant lymphomas and 
this is considered an important indication for BMB [14].  

In the current study, reactive lymphoid hyperplasia account for 23.9% 
of total studied cases. Lymphoid cell hyperplasia has been described in 
numerous different diseases but with a highly variable frequency from 
one publication to another. Brunning and MacKenna, [15] in a survey of 
the literature reported a frequency of (18-47%) in trephine BMB. Reactive 
lymphoid proliferations in our study were found in different neoplastic 
and non neoplastic clinical situations. They present either in the form 
of aggregates or scattered interstitial lymphocytes. This was consistent 
with Jaffe et al., [7] that stated that increased marrow lymphocytosis may 
be either an interstitial increase in lymphocytes or occur in the form of 
lymphoid aggregates. Reactive scattered T lymphocytosis was found in 
all cases of lymphoma. This is similar to Kremer et al., [16] who found 
a high number of reactive T cells in neoplastic infiltrates of BM in B-cell 
lyphomas. Also, Schirrmacher, [17] reported that increased reactive 
memory T cells in BM was observed in patients with hematological 
neoplasms even without BM involvement due to activation by blood 
borne tumor antigens.

Regarding cases of reactive plasmacytosis, none showed cellular atypia 
and all were CD56 negative. This was in agreement with Anagnostou, 
[18] who stated that atypia is more often seen in neoplastic plasma cells 
but not in reactive ones which are polyclonal and typically CD56 negative 
however clonality was not assesses in any of our cases due to financial 
limitations.

In this study, reactive changes involving myeloid lineage occurred in 
response to neoplastic and non-neoplastic disorders were in the form of 
hyperplasia, hypoplasia or dysplasia.  This was in match with Rosi and 
Ackermann, [10] who stated that hyperplasia of one or more myeloid 
cell lines (erythroid, granulocytic, megakaryocytic) may be found in 
several non-neoplastic (such as megaloblastic and sideroblastic anemias) 
and neoplastic hematopoietic disorders (reactive megakaryocytosis seen 
in bone marrows infiltrated by lymphoma). Exact frequencies of these 
changes are lacking in literatures.

Moreover, secondary dysplasia involving myeloid lineage have been 
observed in neoplastic  and neoplastic disorders. This was in agreement 
with Amos et al, [19] who stated that myelodysplasia can occur secondary 
to hepatic disorders, autoimmune diseases, multi organ failure and 
lymphoproliferative disorders.

In our study, AA was detected in 7.8% of total cases. They showed 
hypocellular BM on aspirate in 62.5% of cases. Our results were matched 
with the study of Khan et al., [20] who found that 70% of cases of AA 
showed hypocellular marrow on aspirate smear. BMB of these cases 
in the current study showed reduction in all series except for three 
cases demonstrated erythroid hyperplasia and one case show reactive 
plasmacytosis. This was in agreement with Milosevic et al, [21] who 

BMA BMB Diagnostic accuracy 
of BMA

Over all positive correlation 62 157 39.5%

Reactive lymphoid proliferations 4 49 8.2%

Reactive plasmacytosis 4 24 16.7%

Reactive erythroid hyperplasia 41 47 87.2%

Reactive megakaryocytic 
hyperplasia

8 24 33.3%

Reactive granulocytic hyperplasia 3 16 18.8%

Hypoplasia 13 54 24.1%

Myelofibrosis - 53 -

Lymphomatous deposits 6 27 22.2%

Table 5: Comparative evaluation of bone marrow aspiration and bone 
marrow biopsy in diagnosis

N.B: Cases with dry tap or diluted aspirates were excluded, one case may 
have more than one change
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stated that BM in AA is markedly hypocellular with residual few reactive 
inflammatory infiltrate including plasma cells. 

On the other hand, one of the common stromal reactive changes in BM 
was MF [6]. Increased BM stromal fibers occur as a response to various 
benign and malignant disorders [22] and this was in agreement with our 
results in which grade 3 and 4 MF were detected in 35.4% of neoplastic 
cases and 14.1% of non neoplastic cases.

BMA in present study showed positive correlation with bone marrow 
biopsy in detection of reactive changes in 39.5% of cases. This was 
in contrast with Mahajan et al, [1] who showed that BMA diagnosed 
97.5% of the cases of reactive BM picture. Furthermore, khan et al, [20] 
observed 73.8% positive correlation between BMA and trephine biopsy 
and also 78% positive correlation have been reported by Chandra et al., 
[23]. This wide variations could be attributed to that most of our cases 
displayed more than one reactive change in which some of them could 
not be detected in BMA while the compared studies dealt with reactive 
changes as one finding without specify the type of that reactive change. In 
addition, this study showed highest positive correlation in the diagnosis of 
reactive erythroid hyperplasia (87.2% ) that was in agreement with Khan 
et al study. 

Conclusion

We concluded that  many reactive changes occur in bone marrow in 
response to different diseases and the reactive nature in these cases cannot 
be confirmed except through an integrated approach combining clinical 
data with results of peripheral blood and bone marrow aspirate and other 
immunohistochemical and ancillary studies.

References

1. Mahajan V, Kaushal V, Thakur S, Kaushik R (2009) A comparative 
study of bone marrow aspiration and bone marrow biopsy in 
haematological and non haematological disorders–An institutional 
experience. Journal, Indian Academy of Clinical Medicine 14(2): 
133-135.

2. Jha A, Adhikari RC, Sarda R (2010) Bone marrow evaluation in 
patients with fever of unknown origin. Journal of Pathology of 
Nepal  2(3): 231-240.

3. Tzankov A, Dirnhofer S, Beham-Schmid C (2012) Normal bone 
marrow and common reactive alterations. Pathologe 33(6): 496-
507. 

4. Hasserjian R (2008) Reactive Versus Neoplastic Bone Marrow: 
Problems and Pitfalls. Arch Pathol Lab Med  132(4): 587-594.

5. Wickramasinghe SN, Bain BJ (2003) Pathology of the marrow: 
general considerations. In: Wickramasinghe SN, McCullogh J (eds) 
Blood and Bone Marrow Pathology. Elsevier Science Limited.

6. Hsi E (2012) Hematopathology a Volume in the Series: Foundations 
in Diagnostic Pathology. 2nd edn, Saunders.

7. Jaffe E, Arber D, Campo E, Harris NL, Quintanilla-Fend L (2017) 
Hematopathology. 2nd edn, Elsevier.

8. Naemi K, Brynes RK, Reisian N, Johnston A, Dhillon R, et al. (2013) 
Benign lymphoid aggregates in the bone marrow: distribution 
patterns of B and T lymphocytes. Human Path  44(4): 512-520.

9. Bain BJ, Clark DM, Wilkins B (2010) Bone marrow pathology. 
4thedn, Wiley Blackwell.

10. Rosi J, Ackerman L (2011) Rosi and Ackerman’s surgical pathology. 
10th edn, Mosby Elsevier.

11. Tefferi A, Vardiman JW (2008) Classification and diagnosis of 
myeloproliferative neoplasms: the 2008 World Health Organization 
criteria and point-of-care diagnostic algorithms. Leukemia  22(1): 
14-22.

12. Diebold J, Molina T, Camilleri-Broët S, Le Tourneau A, Audouin 
J (2000) Bone marrow manifestations of infections and systemic 
diseases observed in bone marrow trephine biopsy. Histopathology 
37(3): 199-211.

13. Picken MM, Dogan A,  Herrera GA (2012) Amyloid and Related 
Disorders: Surgical Pathology and Clinical Correlations. Humana 
Press.

14. Orazi A, O’Malley DP and Arber DA (2006) Illustrated pathology 
of the bone marrow. Cambridge University Press.

15. Brunning RD, ad McKenna RW (1994) Tumors of the bone marrow: 
Lesions simulating lymphoma. In: Atlas of Tumour Pathology, 
3rdSeries, Washington DC: Armed Forces Institute of Pathology.

16. Kremer M, Cabras AD, Fend F, Schulz S, Schwarz K, et al (2000) 
PCR analysis of IgH-gene rearrangements in small lymphoid 
infiltrates microdissected from sections of paraffin-embedded bone 
marrow biopsy specimens. Hum Pathol 31(7): 847-853.

17. Schirrmacher V (2015) Cancer - reactive memory T cells from 
bone marrow: Spontaneous induction and therapeutic potential 
(Review). Int J Oncol 47(6): 2005-2016.

18. Anagnostou D, Matutes E (2012) Bone marrow lymphoid infiltrates: 
Diagnosis and clinical impact. Springer.

19. Amos RJ, Deane M, Ferguson G, Jeffries G, Hinds CJ, et al. (1990) 
Observations of the haemopoietic response to critical illness. J Clin 
Pathol  43(10): 850-856.

20. Khan TA, Khan IA, Mahmood K (2014) Diagnostic role of bone 
marrow aspiration and trephine biopsy in haematological practice. 
Journal of Postgraduate Medical Instituete 28(2): 217-221.

https://www.researchgate.net/publication/289203523_A_comparative_study_of_bone_marrow_aspiration_and_bone_marrow_biopsy_in_haematological_and_non_haematological_disorders_-_An_institutional_experience
https://www.researchgate.net/publication/289203523_A_comparative_study_of_bone_marrow_aspiration_and_bone_marrow_biopsy_in_haematological_and_non_haematological_disorders_-_An_institutional_experience
https://www.researchgate.net/publication/289203523_A_comparative_study_of_bone_marrow_aspiration_and_bone_marrow_biopsy_in_haematological_and_non_haematological_disorders_-_An_institutional_experience
https://www.researchgate.net/publication/289203523_A_comparative_study_of_bone_marrow_aspiration_and_bone_marrow_biopsy_in_haematological_and_non_haematological_disorders_-_An_institutional_experience
https://www.researchgate.net/publication/289203523_A_comparative_study_of_bone_marrow_aspiration_and_bone_marrow_biopsy_in_haematological_and_non_haematological_disorders_-_An_institutional_experience
https://www.nepjol.info/index.php/JPN/article/view/6029
https://www.nepjol.info/index.php/JPN/article/view/6029
https://www.nepjol.info/index.php/JPN/article/view/6029
https://www.ncbi.nlm.nih.gov/pubmed/22983101
https://www.ncbi.nlm.nih.gov/pubmed/22983101
https://www.ncbi.nlm.nih.gov/pubmed/22983101
https://www.ncbi.nlm.nih.gov/pubmed/18384210
https://www.ncbi.nlm.nih.gov/pubmed/18384210
https://www.amazon.com/Hematopathology-Foundations-Diagnostic-Pathology-2e/dp/1437726062
https://www.amazon.com/Hematopathology-Foundations-Diagnostic-Pathology-2e/dp/1437726062
https://www.elsevier.com/books/hematopathology/jaffe/978-0-323-29613-7
https://www.elsevier.com/books/hematopathology/jaffe/978-0-323-29613-7
https://www.ncbi.nlm.nih.gov/pubmed/23063505
https://www.ncbi.nlm.nih.gov/pubmed/23063505
https://www.ncbi.nlm.nih.gov/pubmed/23063505
https://www.wiley.com/en-us/Bone+Marrow+Pathology%2C+4th+Edition-p-9781405168250
https://www.wiley.com/en-us/Bone+Marrow+Pathology%2C+4th+Edition-p-9781405168250
https://www.elsevier.com/books/rosai-and-ackermans-surgical-pathology-2-volume-set/rosai/978-0-323-06969-4
https://www.elsevier.com/books/rosai-and-ackermans-surgical-pathology-2-volume-set/rosai/978-0-323-06969-4
https://www.ncbi.nlm.nih.gov/pubmed/17882280
https://www.ncbi.nlm.nih.gov/pubmed/17882280
https://www.ncbi.nlm.nih.gov/pubmed/17882280
https://www.ncbi.nlm.nih.gov/pubmed/17882280
https://www.ncbi.nlm.nih.gov/pubmed/10971695
https://www.ncbi.nlm.nih.gov/pubmed/10971695
https://www.ncbi.nlm.nih.gov/pubmed/10971695
https://www.ncbi.nlm.nih.gov/pubmed/10971695
https://www.springer.com/la/book/9781607613893
https://www.springer.com/la/book/9781607613893
https://www.springer.com/la/book/9781607613893
https://www.cambridge.org/core/books/illustrated-pathology-of-the-bone-marrow/AB91D2066A47D146FB44D8AB116CCA25
https://www.cambridge.org/core/books/illustrated-pathology-of-the-bone-marrow/AB91D2066A47D146FB44D8AB116CCA25
https://www.ncbi.nlm.nih.gov/pubmed/10923923
https://www.ncbi.nlm.nih.gov/pubmed/10923923
https://www.ncbi.nlm.nih.gov/pubmed/10923923
https://www.ncbi.nlm.nih.gov/pubmed/10923923
https://www.ncbi.nlm.nih.gov/pubmed/26459860
https://www.ncbi.nlm.nih.gov/pubmed/26459860
https://www.ncbi.nlm.nih.gov/pubmed/26459860
https://www.springer.com/gp/book/9781447141730#aboutAuthors
https://www.springer.com/gp/book/9781447141730#aboutAuthors
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC502838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC502838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC502838/
https://www.researchgate.net/publication/289325387_Diagnostic_role_of_bone_marrow_aspiration_and_trephine_biopsy_in_haematological_practice
https://www.researchgate.net/publication/289325387_Diagnostic_role_of_bone_marrow_aspiration_and_trephine_biopsy_in_haematological_practice
https://www.researchgate.net/publication/289325387_Diagnostic_role_of_bone_marrow_aspiration_and_trephine_biopsy_in_haematological_practice


Volume 4; Issue 2; 054

Page 9 of 9Citation: l-Sherbiny S, El-Hawary AK, Eladl E and Zalata K (2018) Reactive Changes in Bone Marrow Biopsies: A Clinicopathological 
Study. BAOJ Cancer Res Ther 4: 054.

BAOJ Cancer Res Ther, an open access journal

21. Milosevic R, Jankovic G, Antonijevic N, Jovanovic V, Babic D, et al. 
(2000) Histopathologic characteristics of bone marrow in patients 
with aplastic anemia. Srp Arh Celok Lek 128(5-6): 200-204.

22. Kuter D, Bain B, Mufti G, Bagg A, Hasserjian RP (2007) Bone 
marrow fibrosis: pathophysiology and clinical significance of 
increased bone marrow stromal fibres. Br J Haematol 139(3): 351-
362.

23. Chandra S, Chandra H (2011) Comparison of bone marrow 
aspirates cytology, touch imprints cytology and trephine biopsy for 
bone marrow evaluation. Hematol Rep 3(3): e 22.

https://www.ncbi.nlm.nih.gov/pubmed/11089422
https://www.ncbi.nlm.nih.gov/pubmed/11089422
https://www.ncbi.nlm.nih.gov/pubmed/11089422
https://www.ncbi.nlm.nih.gov/pubmed/17910625
https://www.ncbi.nlm.nih.gov/pubmed/17910625
https://www.ncbi.nlm.nih.gov/pubmed/17910625
https://www.ncbi.nlm.nih.gov/pubmed/17910625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3269795/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3269795/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3269795/

	Reactive Changes in Bone Marrow Biopsies: A Clinicopathological Study
	Abstract
	Background
	Aim
	Methods 
	Results 
	Conclusion 

	Keywords: 
	Introduction
	Material and Methods
	Results
	Discussion
	Conclusion
	References

