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Abstract
Background
It is known that the diagnosis of non-hematological malignancy from bone marrow is uncommon. Also,
aspiration from the bone marrow is considered one method that aids in the diagnosis of bone metastases.
The study examined bone marrow results and a thorough examination of bone marrow in non-
hematological cancers that have metastasized to the bone marrow.

Materials and methods
This was a retrospective study that was conducted at the Department of Hematology, Indira Gandhi Institute
of Medical Sciences (IGIMS), Patna, Bihar, India. A total of 200 cases of bone marrow aspiration and 150
cases of bone marrow biopsies with relevant clinical features, hematological, and radiological findings have
been enrolled in the study. Ethical clearance has been granted by the Institutional Ethics Committee (IEC) of
IGIMS.

Results
It was observed that 62 (31%) patients with non-hematological malignancies suffered from bone marrow
metastases. The population with bone marrow metastases varies, as 50 (80.6%) of the patient population
comprised adults, while the pediatric population was 12 (19.4%). Anemia, thrombocytopenia, leukopenia,
pancytopenia, and nucleated immature blood cells were some common findings of peripheral blood smears
associated with non-hematological malignancies.

Conclusion
It concluded the necessity of diagnosing bone marrow metastases in patients with non-hematological
malignancies. The study could not find any assured predictive parameter for bone marrow metastases.
Conditions like anemia, thrombocytopenia, leukopenia, and others have been revealed by examining
peripheral blood smears.

Categories: Hematology
Keywords: bone marrow metastasis, hematological cancer, non-hematological cancer, non-hematological
malignancies, retrospective study

Introduction
Clinicians have a therapeutic difficulty with metastatic cancer, particularly when treating patients with bone
marrow metastases. Nonetheless, it is uncommon for cancer patients to have bone marrow metastases [1, 2].
Mainly, the primary locations of malignancy in those patients who had metastases of bone marrow were the
breast, stomach, prostate, and lungs [3, 4].

Bone marrow is often involved in hematological tumors; however, it is rare to diagnose non-hematological
cancers from the bone marrow alone. Patients with metastases of the bone marrow experience anemia and
cytopenia as their initial signs and symptoms frequently [5]. To determine the stage, prognosis, treatment
plan, and chemotherapy responsiveness of the malignancy, it is essential to look for metastatic deposits in
the bone marrow [6].

Both the advanced stage of the disease and a bad prognosis are indicated when a non-hematologic
malignancy spreads to the bone marrow [7]. Aspiration testing of the bone marrow helps detect bone
metastases early. Still, bone marrow metastasis is difficult to find in bone marrow because bone marrow
aspiration procedures are not routinely performed in the examination of cancer patients [8, 9].

Since all potential treatment plans have been exhausted or because they are too frail to undergo any
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anticancer therapy, many patients with bone marrow metastases only receive supportive care [10]. Bone
marrow metastasis is now much more likely to be detected thanks to the recent development of sensitive
and new diagnostic techniques like reverse transcriptase polymerase chain reaction and flow cytometry,
which are used to identify spread tumor cells [11, 12]. The study was performed to assess the hematological
results and thorough bone marrow investigation in cases of nonhematological cancers that have spread to
the bone marrow.

Materials And Methods
Study design
This was a retrospective study. Data from four years and eight months, i.e., from May 2019 to January 2024,
have been collected for the study. The study was conducted at the Department of Hematology, Indira Gandhi
Institute of Medical Sciences (IGIMS), Patna, Bihar, India.

Study population
A total of 200 patients with non-hematological malignancy were enrolled in the study. At the time of initial
presentation, a bone marrow examination was conducted on patients with non-hematological malignancies.
The patients excluded were individuals receiving chemotherapy or having hematopoietic or lymphoid
malignancy. Also, the cases with incomplete records were excluded from the final study.

Study procedure
Immunohistochemistry, flow cytometry, defined morphology, and the pattern of metastatic tumor cells with
radiological and clinical data all supported the diagnosis of bone marrow metastasis in non-hematological
malignancy. Some of the relevant images of immunohistochemistry, defined morphology, and pattern of
metastatic tumor cells have been described below.

Figure 1 shows a hematoxylin and eosin-stained bone marrow biopsy showing adenocarcinoma of the
prostate (left) and lung (right), respectively. Figure 2 shows poorly differentiated carcinoma (×40) (left) and
metastatic deposits of malignant epithelial tumor of the gastrointestinal tract (GIT) (×40) (right). Lastly,
Figure 3 shows immunohistochemistry of bone marrow biopsy showing CK7+ in metastatic deposit of
adenocarcinoma of the GIT (x40) (left) and PanCK+ in metastatic deposit of adenocarcinoma of the lung
(x40) (right).

FIGURE 1: Hematoxylin and eosin-stained bone marrow biopsy showing
adenocarcinoma of the prostate (×40) (left) and adenocarcinoma of the
lung (×40) (right).
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FIGURE 2: Hematoxylin and eosin-stained bone marrow biopsy showing
poorly differentiated carcinoma (×40) (left) and metastatic deposits of
malignant epithelial tumor of the gastrointestinal tract (GIT) (×40) (right).

FIGURE 3: Immunohistochemistry of bone marrow biopsy showing
CK7+ in metastatic deposit of adenocarcinoma of the gastrointestinal
tract (GIT) (x40) (left) and PanCK+ in metastatic deposit of
adenocarcinoma of lung (x40) (right).

Statistical analysis
Microsoft Excel (Microsoft Corp., Redmond, WA) was initially used to enter the data. Data were then
analyzed using IBM SPSS Statistics software version 21.0 (IBM Corp., Armonk, NY). Conventional descriptive
statistics were performed in the present study. An independent t-test was used to obtain the t-scores and p-
value. Data have been presented as either n or n (%). The p-value was considered significant at <0.05.

Ethical approval
Ethical clearance has been granted by the Institutional Ethics Committee of IGIMS, dated 20 March 2024,
under letter number 1368/IEC/IGIMS/2024.

Results
A total of 4,442 bone marrow aspirations and 3,268 bone marrow biopsies were done during a period of four
years and eight months from May 2019 to January 2024. Out of which 200 were done to rule out bone
marrow metastasis in cases of non-hematological malignancies. Out of 200 patients with non-hematological
malignancies, it was found that 62 (31%) patients had bone marrow metastases. Smears of aspiration of bone
marrow, smears of peripheral blood, biopsies of bone marrow, and other records were examined in greater
detail for instances involving bone marrow involvement. Out of 62 patients, 40 (64.5%) were male and 22
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(35.5%) were female. Fifty (80.6%) were adult patients, and 12 (19.4%) were in the pediatric age group in
bone marrow metastases cases. The median age for adult patients was 54.7 years, and for pediatric patients,
it was 10 years. Table 1 represents the frequencies of bone marrow metastasis among the study patients.

Groups Adult population Pediatric population t-score p-value

Non-hematological malignancies (n=200) 161 (80.5%) 39 (19.5%) -12.2 <0.0001

Bone marrow metastases (n=62) 50 (80.6%) 12 (19. 4%) -6.8 <0.0001

TABLE 1: Data on metastases from bone marrow in the study population
Data are presented as n (%); p-value was considered significant at <0.05; an independent t-test was used to obtain the t-score and p-value.

Figure 4 represents clinical hematomorphological findings in non-hematological malignancies with bone
marrow metastases. It has been found that anemia is the most common hematological finding associated
with bone marrow metastases, which is present in approximately 42 (67.7%) of patients. The frequency of
leukopenia and pancytopenia was lower in terms of cases. However, the presence of immature or nucleated
red blood cells constituted another important characteristic of non-hematological cancers.

FIGURE 4: Peripheral blood smear findings among participants

Table 2 presents the incidence of adult cases of bone marrow metastases. The majority of patients had lung
cancer, which was followed by non-hematological cancers of the GIT, prostate, breast, ovary, and bladder. In
adults, gastrointestinal carcinoma was a prevalent cancer with bone marrow metastases (14/29 or 48.27%).
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Primary tumor Number of cases with bone metastases/total number of cases present (%)

Lung cancer 16/38 (42.10%)

Breast cancer 06/30 (20.00%)

Prostate cancer 10/38 (26.31%)

Gastrointestinal cancer 14/29 (48.27%)

Ovarian cancer 02/06 (33.3%)

Bladder cancer 02/20 (10.00%)

TABLE 2: Bone marrow metastases in adult patients
Data are presented as n/n (%).

Table 3 presents data on bone marrow metastases in pediatric patients. Generally, neuroblastoma and
retinoblastoma are commonly found as malignancies. Retinoblastoma was found to be significant with a p-
value of 0.01 between patients with metastases of bone and patients without metastases of bone.

Primary tumor Number of cases with bone metastases Number of cases without bone metastases t-score P-value

Neuroblastoma (n=9) 4 (44.4%) 5 (55.6%) 0.47 0.32

Retinoblastoma (n=30) 8 (26.7%) 22 (73.3%) 3.6 0.01

TABLE 3: Bone marrow metastases in pediatric patients
Data are presented as n (%); p-value was considered significant at <0.05; an independent t-test was used to obtain the t-score and p-value.

Discussion
In the present study, 31% of patients with non-hematological malignancies had bone marrow metastases.
Although it is very uncommon to have metastases of bone marrow along with non-hematological
malignancies. The involvement of bone marrow is commonly seen in hematopoietic disorders. Bone marrow
metastasis by nonhematological malignancy is rare. An advanced stage with a poor prognosis is indicated by
the involvement of non-hematologic solid tumors. For staging, prognosis, and treatment, it is critical to
identify bone marrow involvement by solid malignancies [13]. When there is no known cause, bone marrow
involvement might occasionally be the initial sign of the illness. In children, retinoblastoma, neuroblastoma,
Ewing's sarcoma, rhabdomyosarcoma, and medulloblastoma account for the majority of encountered
metastases. Also, as per studies, bone marrow examination seems to be a more useful and economical
method [14]. In adults, lymphoma, carcinoma, prostate, breast, lung, GIT, and female genital tract are among
the tumors that frequently spread to the bone marrow [15]. In known cases of cancer, trephine biopsy and
bone marrow aspiration are performed. Additionally, it is performed when there are radiographic signs that
point to bone marrow involvement, unexplained cytopenias, and abnormal peripheral blood results.

Numerous research studies on bone marrow invasion by non-hematological malignancies have been
conducted in the past. The most frequent hematological abnormalities found were leucoerythroblastic blood
image, thrombocytopenia, and anemia [7]. Similar results were obtained from the research by Kopp et al.,
which visibly exhibited the metastases of bone marrow [16].

A study done by Singh et al. shows that tumor cells in bone marrow cause marked stromal fibrosis and yield
a dry tap on aspiration. Therefore, it is best to perform aspiration and biopsy of the bone marrow at the same
time. It also found that sometimes trephine biopsy of the bone marrow failed to detect metastasis of the
bone marrow [14].

Our study showed anemia as the most prevalent hematological finding in non-hematological malignancies.
According to a study by Sar et al., anemia is the most prevalent kind found in peripheral blood smears. Their
findings demonstrated that leukopenia occurred in 50% of instances and thrombocytopenia occurred in
83.3% of patients with metastatic bone marrow involvement [17]. All of the patients with metastases of bone
marrow experienced anemia and thrombocytopenia, according to the study conducted by Ozkalemkas et al.
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[2]. Furthermore, both anemia and thrombocytopenia were found among 71.4% and 45.1% of Mehdi and
Bhatt's patients with bone marrow metastases, respectively [3].

Our study included non-hematological malignancies in cancers like lung, breast, prostate, gastrointestinal,
ovarian, and bladder cancer in adults, while neuroblastoma and retinoblastoma were in children. Other
studies have found that the most common initial non-hematological malignancies in persons with bone
marrow metastases are those of the breast, lung, stomach, and prostate. Neuroblastoma,
rhabdomyosarcoma, and retinoblastoma are the three most prevalent cancers in children [6, 18].

The common primary tumor in non-hematological malignancies in our study was lung cancer, followed by
gastrointestinal, prostate, breast, bladder, and ovarian cancer in adults. While an association of non-
hematological malignancies with bone marrow metastases was more frequently seen in gastrointestinal
(48.27%), lung (42.10%), ovary (33.3%), prostate (26.3%), breast (20.0%), and bladder (10.0%). According to
a related study by Mehdi et al., adenocarcinoma of the prostate (36%) was the most frequent cause of bone
marrow metastasis, followed by adenocarcinoma of the stomach (25%) and breast cancer (22.2%). [3].

On the other hand, in the pediatric population, children with non-hematological malignancies were more
affected by neuroblastoma and retinoblastoma. While the association of non-hematological malignancies
with bone marrow metastases was mainly present in children with neuroblastoma (44.4%), followed by
retinoblastoma (26.6%).

Limitations
The limitations of the study are that the study was retrospective; additionally, as the cases of bone
metastases were less prevalent, the duration of the study was shorter. If data for a longer duration had been
collected, they could have reported significant results.

Conclusions
The study concludes that it is necessary to diagnose metastases of the bone marrow in non-hematological
malignancies, which can help in tumor staging, therapy selection, and risk of disease prognosis. The study
showed statistically significant differences in the adult population and pediatric population in both the
respective cases of non-hematological malignancies and bone marrow metastases. As a blood disorder,
anemia is found to be commonly associated with bone marrow metastases. Peripheral blood smear
evaluation showed clinical bone marrow examination in terms of conditions like anemia, thrombocytopenia,
leukopenia, pancytopenia, and non-nucleated immature blood cells. Lung cancer was observed to be a
prominent primary tumor in adult cases with bone marrow metastases.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Rawi Agrawal, Satish Kumar, Kaushal Kumar, Vijayanand Choudhary

Acquisition, analysis, or interpretation of data:  Rawi Agrawal, Satish Kumar, Kaushal Kumar,
Vijayanand Choudhary

Drafting of the manuscript:  Rawi Agrawal, Satish Kumar, Kaushal Kumar, Vijayanand Choudhary

Critical review of the manuscript for important intellectual content:  Rawi Agrawal, Satish Kumar,
Kaushal Kumar, Vijayanand Choudhary

Supervision:  Rawi Agrawal

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Institutional Ethics Committee of Indira Gandhi Institute of Medical Sciences,
Patna issued approval (1368/IEC/IGIMS/2024). Animal subjects: All authors have confirmed that this study
did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

 

2025 Kumar et al. Cureus 17(4): e82757. DOI 10.7759/cureus.82757 6 of 7

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Acknowledgements
We extend our gratitude to Zetline Publishers for their medical writing assistance and editorial support in
this manuscript.

References
1. Kim HS, Yi SY, Jun HJ, et al.: Clinical outcome of gastric cancer patients with bone marrow metastases .

Oncology. 2007, 73:192-7. 10.1159/000127386
2. Ozkalemkas F, Ali R, Ozkocaman V, et al.: The bone marrow aspirate and biopsy in the diagnosis of

unsuspected nonhematologic malignancy: a clinical study of 19 cases. BMC Cancer. 2005, 5:144.
10.1186/1471-2407-5-144

3. Mehdi SR, Bhatt ML: Metastasis of solid tumors in bone marrow: a study from northern India . Indian J
Hematol Blood Transfus. 2011, 27:93-5. 10.1007/s12288-011-0069-z

4. Kwon JY, Yun J, Kim HJ, et al.: Clinical outcome of gastric cancer patients with bone marrow metastases .
Cancer Res Treat. 2011, 43:244-9. 10.4143/crt.2011.43.4.244

5. Mishra P, Das S, Kar R, Jacob SE, Basu D: Non-haematopoietic malignancies metastasing to the bone
marrow: a 5 year record-based descriptive study from a tertiary care centre in South India. Indian J Cancer.
2014, 51:30-4. 10.4103/0019-509X.134614

6. Kucukzeybek BB, Calli AO, Kucukzeybek Y, et al.: The prognostic significance of bone marrow metastases:
evaluation of 58 cases. Indian J Pathol Microbiol. 2014, 57:396-9. 10.4103/0377-4929.138728

7. Jain M, Chauhan K, Grover S, Shukla P, Rusia U, Grover R: Bone marrow metastasis in nonhematologic
malignancies: data from a cancer hospital. Clin Cancer Investig J. 2016, 5:103-9. 10.4103/2278-0513.177131

8. Ringenberg QS, Doll DC, Yarbro JW, Perry MC: Tumors of unknown origin in the bone marrow . Arch Intern
Med. 1986, 146:2027-8.

9. Wong KF, Chan JK, Ma SK: Solid tumour with initial presentation in the bone marrow-a clinicopathologic
study of 25 adult cases. Hematol Oncol. 1993, 11:35-42. 10.1002/hon.2900110105

10. Zhou MH, Wang ZH, Zhou HW, Liu M, Gu YJ, Sun JZ: Clinical outcome of 30 patients with bone marrow
metastases. J Cancer Res Ther. 2018, 14:S512-5. 10.4103/0973-1482.172717

11. Filanovsky K, Feldberg E, Miller EB, Shvidel L: Predictive value of clinical and laboratory parameters for
overt bone marrow metastasis in patients with solid malignancy. J Cancer Ther. 2017, 8:773-84.
10.4236/jct.2017.88067

12. Lin H, Balic M, Zheng S, Datar R, Cote RJ: Disseminated and circulating tumor cells: role in effective cancer
management. Crit Rev Oncol Hematol. 2011, 77:1-11. 10.1016/j.critrevonc.2010.04.008

13. Gajendra S, Sharma R: Cytomorphological evaluation of non-haematopoietic malignancies metastasizing to
the bone marrow. Am J Blood Res. 2023, 13:1-11.

14. Singh A, Rawat S, Kushwaha R, Jain M, Verma SP, Verma N, Singh US: Bone marrow metastasis in
nonhematological malignancies: a study from tertiary care center. Ann Afr Med. 2024, 23:91-9.
10.4103/aam.aam_55_23

15. Yang H, He F, Yuan T, Xu W, Cao Z: Clinical features and treatment of bone marrow metastasis . Oncol Lett.
2023, 26:332. 10.3892/ol.2023.13918

16. Kopp HG, Krauss K, Fehm T, et al.: Symptomatic bone marrow involvement in breast cancer-clinical
presentation, treatment, and prognosis: a single institution review of 22 cases. Anticancer Res. 2011,
31:4025-30.

17. Sar R, Aydogdu I, Ozen S, Sevinc A, Buyukberber S: Metastatic bone marrow tumours: a report of six cases
and review of the literature. Haematologia (Budap). 2001, 31:215-23. 10.1163/15685590152763755

18. Xiao L, Luxi S, Ying T, Yizhi L, Lingyun W, Quan P: Diagnosis of unknown nonhematological tumors by
bone marrow biopsy: a retrospective analysis of 10,112 samples. J Cancer Res Clin Oncol. 2009, 135:687-93.
10.1007/s00432-008-0503-2

 

2025 Kumar et al. Cureus 17(4): e82757. DOI 10.7759/cureus.82757 7 of 7

https://dx.doi.org/10.1159/000127386
https://dx.doi.org/10.1159/000127386
https://dx.doi.org/10.1186/1471-2407-5-144
https://dx.doi.org/10.1186/1471-2407-5-144
https://dx.doi.org/10.1007/s12288-011-0069-z
https://dx.doi.org/10.1007/s12288-011-0069-z
https://dx.doi.org/10.4143/crt.2011.43.4.244
https://dx.doi.org/10.4143/crt.2011.43.4.244
https://dx.doi.org/10.4103/0019-509X.134614
https://dx.doi.org/10.4103/0019-509X.134614
https://dx.doi.org/10.4103/0377-4929.138728
https://dx.doi.org/10.4103/0377-4929.138728
https://dx.doi.org/10.4103/2278-0513.177131
https://dx.doi.org/10.4103/2278-0513.177131
https://pubmed.ncbi.nlm.nih.gov/3767548/
https://dx.doi.org/10.1002/hon.2900110105
https://dx.doi.org/10.1002/hon.2900110105
https://dx.doi.org/10.4103/0973-1482.172717
https://dx.doi.org/10.4103/0973-1482.172717
https://dx.doi.org/10.4236/jct.2017.88067
https://dx.doi.org/10.4236/jct.2017.88067
https://dx.doi.org/10.1016/j.critrevonc.2010.04.008
https://dx.doi.org/10.1016/j.critrevonc.2010.04.008
https://pmc.ncbi.nlm.nih.gov/articles/PMC10017595/
https://dx.doi.org/10.4103/aam.aam_55_23
https://dx.doi.org/10.4103/aam.aam_55_23
https://dx.doi.org/10.3892/ol.2023.13918
https://dx.doi.org/10.3892/ol.2023.13918
https://ar.iiarjournals.org/content/anticanres/31/11/4025.full.pdf
https://dx.doi.org/10.1163/15685590152763755
https://dx.doi.org/10.1163/15685590152763755
https://dx.doi.org/10.1007/s00432-008-0503-2
https://dx.doi.org/10.1007/s00432-008-0503-2

	Bone Marrow Metastasis in Non-hematological Malignancies: Data From a Tertiary Care Hospital in North India
	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Study design
	Study population
	Study procedure
	FIGURE 1: Hematoxylin and eosin-stained bone marrow biopsy showing adenocarcinoma of the prostate (×40) (left) and adenocarcinoma of the lung (×40) (right).
	FIGURE 2: Hematoxylin and eosin-stained bone marrow biopsy showing poorly differentiated carcinoma (×40) (left) and metastatic deposits of malignant epithelial tumor of the gastrointestinal tract (GIT) (×40) (right).
	FIGURE 3: Immunohistochemistry of bone marrow biopsy showing CK7+ in metastatic deposit of adenocarcinoma of the gastrointestinal tract (GIT) (x40) (left) and PanCK+ in metastatic deposit of adenocarcinoma of lung (x40) (right).

	Statistical analysis
	Ethical approval

	Results
	TABLE 1: Data on metastases from bone marrow in the study population
	FIGURE 4: Peripheral blood smear findings among participants
	TABLE 2: Bone marrow metastases in adult patients
	TABLE 3: Bone marrow metastases in pediatric patients

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


