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ABSTRACT

This study aimed to analyse the diagnostic accuracy of different laboratory parameters that can predict bone marrow
metastasis. A cross-sectional analytical study was conducted at the Armed Forces Institute of Pathology (AFIP), Rawalpindi
from March 2021 to August 2021. Bone marrow aspirates and biopsy procedures were done on 60 newly diagnosed cases
of non-haematological malignancies as part of staging. Laboratory parameters noted for the study included peripheral
blood smear findings, serum lactate dehydrogenase (LDH), radiological findings, and bone marrow aspirate/trephine biopsy
results. Bone marrow metastasis was seen in 21/60 patients. The most common malignancies with bone marrow involve-
ment were retinoblastoma and neuroblastoma. Laboratory findings showed no significant statistical difference in mean
haemoglobin and total leukocyte count between cases and controls. Positive cases had a mean platelet count of 261.7 x
10°/L and mean LDH of 750.1 U/L (p <0.05) for both parameters. ROC analysis showed the area under the curve (AUC) for
LDH to be 0.969 (highly significant) showing a strong predictive value of LDH. Positive radiological findings were detected
in only one case with bone marrow metastasis. The elevated level of serum LDH is not only cost-effective but also has high

diagnostic accuracy to predict bone marrow metastasis.
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Bone marrow aspirate and biopsy are routinely performed for
diagnosis of haematological malignancies as well as for bone
marrow involvement by non-haematologic malignancies.
Bone marrow involvement by nonhaematologic malignancies
though rare, it is important to diagnose and establish bone
marrow involvement at the earliest as this influences the stage
of disease, response to treatment, and overall patient survival.
Bone marrow aspirate is mostly indicated for staging purposes
in patients with known primary tumours, abnormal findings on
peripheral blood (e.g. unexplained cytopenias), and develop-
ment of nonspecific symptoms.” The objective of this study was
to analyse laboratory parameters including haematological
and biochemical parameters that can predict bone marrow
metastasis.
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A cross-sectional analytical study was conducted at the Armed
Forces Institute of Pathology (AFIP), Rawalpindi, from March
2021 to August 2021 after approval from the ethical review
committee. Patients who underwent bone marrow biopsies for
the staging of newly diagnosed non-haematological malignan-
cies were included. All cases of leukaemias and lymphomas
were excluded from the study. Patients with known primary
tumours and no prior therapy (chemotherapy/radiotherapy)
were included in the study. Patients were divided into controls
and cases based on the absence and presence of bone marrow
infiltration respectively. Controls and cases included 39/60 and
21/60 patientsrespectively.

Factors noted for laboratory evaluation included haematologic
parameters (complete blood counts (CBC) assessed on Sysmex
XN-3000 automated haematology analyzer, peripheral blood
film findings, biochemical (serum Lactate Dehydrogenase) on
Advia-1800 chemistry analyzer, radiological findings (if any),
and bone marrow findings. Anaemia was defined as haemo-
globin (Hb) less than 13g /dL in males and less than 12g /dL in
females. Thrombocytopenia was defined as platelet count (PIt)
less than 150 x 10°/L. Leukocytosis and leukopenia as total
leukocyte count (TLC) more than 10 x 10°/L and less than 4 x
10°/L respectively. BMA was performed after counselling and
getting signed consent from the patients or guardiansin case of
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children. The procedure was carried out under strict aseptic
measures. Aspirates and imprints were stained with Leishman
stain. Trephine biopsies were adequately fixed, decalcified,
processed, and stained with haematoxylin-eosin and reticulin
stains. The World Health Organization (WHO) adequacy crite-
rion of 1.5 cm was used for trephine biopsies. After microscopic
examination parameters noted were cellularity, megakaryo-
cytes, presence/absence of tumour cells, pattern of infiltration,
fibrosis, andimmunohistochemistry.

Statistical analysis was done using SPSS version 26.0 in
windows 10. Quantitative variables were expressed as mean
andstandard deviation and qualitative variables asfrequencies
and percentages. An independent sample t-test was run to
assess the statistically significant difference in variables
betweencasesandcontrols. Ap-valuelessthan0.05wasconsid-
ered statistically significant. The diagnostic utility was calcu-
lated using a receiver operating characteristic curve (ROC). A
cut-off value was determined with the most optimal sensitivity
and specificity to predict bone marrow metastasis.

A total of 1259 bone marrow aspirates and biopsies were
performed. Out of these, 60 (4.7%) were done as a part of
staging for non-haematologic malignancies and selected for
the study. The mean age of patients was 12.9 years (0.5-64
years). Forty-eight (80%) patients were Children (age less than
18 years) and 12 (20%) patients were adults. Male-to-female
ratiowas 1.5(36/24).

In 21/60 cases (35%) patients had bone marrow metastasis by
non-haematologic malignancies. Males included 9 patients and
females were 12 with a male-to-female ratio of 0.75. The most
common primary tumours with bone marrow metastasis were
retinoblastoma (n=6), neuroblastoma and ganglioneuroma
(n=5 each), Ewing’s sarcoma, and carcinoma breast (n=3
each). Out of 21 positive cases, anaemia was present in 14
(66%), bicytopenia in 5 (23%), pancytopenia, and leucoery-
throblastic picture in 1 (4.7%) patient each. On physical exami-
nation, the most frequent positive findings were pallor in 10
(47%) patients and hepatosplenomegaly in 3 (14%) of patients.
Only one patientwith positive bone marrow metastasis had posi-
tivechangesonradiologicalinvestigation.

In patients with bone marrow metastasis, the mean LDH level
was 750.1+329.0 U/L as compared to the mean LDH
265.6+86.6 U/L in patients without metastasis. The indepen-
dent sample t-test revealed no statistically significant differ-
ence in Hb (p=0.26) and TLC (p=0.73). Serum LDH levels and
platelet counts both showed a significant difference between
casesand controls (p <0.05, Tablel).

An ROC curve was applied and the area under curve (AUC) was
used to find out the diagnostic accuracy of haematological and
biochemicalvariables. AUCforHb, TLC,andPltwasnon-discrimi-
nating with values 0of 0.400, 0.507, and 0.357 respectively. AUC
for LDH was 0.969 (highly significant than haematological vari-
ables). A cut-off value of LDH >410 U/L had a sensitivity of 86%,
specificity of 92%, and alikelihood ratioof 11.1 (Figure 1).

Tablel: Comparison of haematologicaland biochemical findings between
casesand controls.

Laboratory findings Cases Controls p-value
(n=21) (n=39)

Haemoglobin g/dL 9.8+1.8 104 +1.7 0.26

Total leukocyte count a/L 8.8+ 3.4 9.2+35 0.73

Platelet count a/L 261.7 + 159.6 360 + 166 0.03

LDH U/L 750.1 + 329 265.6 + 86.6  <0.001
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Figure1:ROCcurveanalysisfromSPSS (version26.0)forlactatedehydro-
genase (LDH), haemoglobin (Hb), totalleucocyte count (TLC) and Platelet

count(PIt).

The closer the line towards the upper left corner, the higher the area
under curve (AUC) and higher is the diagnostic accuracy. (Dotted line)
showsreferenceline, (Blueline) shows AUCforLDH0.969.

Bone marrow involvement by non-haematologic malignancies
is a sporadic finding. Advancements in imaging techniques
and techniques such asfluorodeoxyglucose-positron emission
tomography (FDG-PET) has revolutionised the early diagnosis
ofbonemarrowinvolvement.However,bonemarrow examina-
tion is the most economical and easy method for confirmation
of marrow infiltration.” Early detection of marrow involvement
is significant for the staging of the tumour and overall disease
prognosis. Main indications for bone marrow examination are
clinical (bone pains, pathological fractures), haematologic
(cytopenias, atypical cells, leucoerythroblastic blood picture),
radiological (lytic/sclerotic lesions), and biochemical (ele-
vated levels of serum calcium, alkaline phosphatase, or lactate
dehydrogenase).”” LDH levels are used in monitoring both
haematologic and non-haematologic malignancies. High
levels of serum LDH are associated with poor prognosis and
metastasis.’

In this study, 60/1259 bone marrow aspirates and biopsies
were performed for non-haematologic malignancies with a
male-to-female ratio of 1.5. Only 21/60 (35%) cases had bone
marrow involvement. Peripheral blood smear showed
anaemia and bicytopenia to be the most frequent findings.
LDH levels were higher in positive cases (mean 750.1 U/L) as
compared to negative cases (mean 265.6 U/L) and had a p-
value of <0.001, thus establishing a significant difference
between positive and negative cases.
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Bone marrow metastasis in non-haematological malignancies

Epidemiological studies have shown organ-specific patterns of
bone marrow metastasis, this idea led to the formulation of the
seed-and-soil hypothesis by Paget in 1889, highlighting a
specific organ microenvironment that leads to the develop-
ment of metastasis.’

Elevated levels of serum lactate dehydrogenase (LDH) not only
indicate a suspected bone marrow infiltration but are also used
for metastatic disease prognosis.”® Agrawal et al., showed that
high serum LDH had highly significant AUC (0.9) with sensitivity
(68%), specificity (90%), and likelihood ratio (6.8) at a cut-off
value >452 U/L in predicting bone marrow metastasis.'
Biochemical changes other than LDH studied and shown to
predict bone marrow metastasis include serum calcium, alka-
line phosphatase (ALP), hypomagnesemia and hypopro-
teinemia.’

Limitations to this study include the small number of patients, a
limited spectrum of malignancies, and only LDH included in
biochemical parameters. More biochemical parameters may be
included for concordance studies. The scope of study needs to
be morethananinstitutional study.

The mean LDH value in positive cases was 750.1 U/Land 265.6
U/L in negative cases with a statistically significant p-value
(<0.001). Studies of diagnostic accuracy by ROC analysis and
AUC also showed serum LDH to be superior to haematological
variables (haemoglobin, total leukocyte count, and platelet
count) in predicting bone marrow metastasis. Early diagnosis of
bone marrow metastasis is of therapeutic as well as prognostic
significanceand may alterthe future course ofthe disease.
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