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Objective

The study aims to evaluate the detectability of bone metastases by Computed Tomog-
raphy (CT) scan in comparison to Bone Scintigraphy (BS) and the sensitivity of
tumor markers in different oncological settings for predicting the presence of skeletal
metastases.

Methods

Medical information was collected for 299 patients who fit the inclusion criteria from
patient files and medical image reports using (AGFA PACS® and Trakcare® systems).

Results

BS detected BM in breast cancer patients in 135 cases, while CT scan detected BM in
122 cases. In prostate cancer patients, the BS detected BM in all 38 cases, while the
CT scan detected BM in 32 cases. Regarding Gastro-Intestinal (GI) malignancies,
the BS detected BM in 27 cases, while the CT scan detected BM in 23 cases only.
Prostate-specific antigen (PSA) was conducted on 40 patients and 28 (70%) of them
were elevated. Breast cancer patients showed tumor marker elevation in 46 (38.9%)
of 118 patients. GI malignancy revealed the highest rate of tumor markers elevation
in 24 (80%) of 30 patients.

Conclusion

Our study showed that BS has higher sensitivity than CT scan in detecting BM for
breast, prostate and GI malignancies. Further collaboration is needed to determine
the sensitivity of each modality, compare them with other monitoring methods like
Magnetic Resonance Imaging (MRI) or positron emission tomography (PET) scan
and a computed tomography (CT) to optimize the hospital resources utilization for
each type of malignancy and reduce the patient’s exposure to unnecessary radiation.
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1. INTRODUCTION

Bone is one of the most common sites for metastases. Therefore, cancer patients need
to have early screening for bone metastases to start appropriate therapy and predict their
prognosis. Bone lesions are divided into two subgroups: osteolytic and osteoblastic bone

metastases, which vary in percentage according to tumor type [1].

Tumor markers are a set of biochemicals that are produced by certain neoplastic cells
or the body, indicating the presence of a tumor [2]. They are useful in early detection, con-
firming a diagnosis, following up on the prognosis, and checking for any probable recur-

rence [3].

Imaging modalities has a role in oncology patients as they help to confirm the diagnosis,
assess the extent of the disease and determine whether the management should be medical

or surgical [4].

CT scan is the study of choice for staging tumors, assessing response and guiding radi-
ation therapy. It could be beneficial when it comes to evaluating primary tumors or distant
metastases [5]. For example, in advanced osteolytic bone lesions, a CT scan shows better
focal lesion detection than other modalities due to affection for bone mineral content. In
addition, a CT scan determines the extent of osseous damage and measures the constancy

of cortical bone and breakage chance [6, 7].

Tc-99m phosphonate-based scintigraphy (bone scan) is one of the fundamental modal-
ities for assessing cortical bone function mainly in cancer patients with osteoblastic skeletal
metastases [5]. Accumulation of the radiopharmaceutical shows an illustration of a pathol-
ogy that indicates cancer [8, 9], making it a useful modality for scanning and excluding skip

lesions.

However, BS often lacks the exact anatomical localization of the lesion. At the beginning
of the disease, lesions could be unseen due to a lack of metabolic activity. Also, tracer could
be seen in some degenerative diseases or healing fractures, which can be interpreted as false
positive results [1]. Therefore, we aim in this study to compare the sensitivity of both CT

scans and BS in the detection of bone metastases.
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2. MATERIAL AND METHODS:

This is a retrospective study including all cases that were presented to the Radiology
Department at KAMC-HC, Makkah-Saudi Arabia referred from the oncology clinic in the
period between January 2013 and December 2021. The research investigators reviewed
radiology reports and hospital databases (using AGFA PACS® system and Trakcare® sys-
tem respectively) for all patients who had proven to have bone metastases and had done
both modalities (CT scan and bone scintigraphy). Patients with bone lesions that have
proven not to be bone metastases or patients who have bone metastases but have only one
modality from the two modalities mentioned above or who have lacked follow-ups were

excluded from the study.

The following relevant tumor markers were reviewed: prostate-specific antigen (PSA),
CA19-9, CA 15-3, CEA and CA 125.

Ethics and analysis, ethical approval obtained from KAMC-HC IRB (No: 18-409) date
of approval 18-Apr-2018. Data were analyzed using a statistical package for social science
(SPSS version 21).

3. RESULTS:

Out of 299 patients, 189 (63.21%) of the study samples were females while 110 (36.79%)
were males. The study included various types of malignancies. 155 cases (51.84%) of the
study sample were breast cancer, which represents more than half of the total population.
45 cases (15.05%) were prostate cancer. 39 cases (13.04%) were GI malignancy, which
includes esophageal cancer, gastric cancer, colon cancer, rectal cancer, rectosigmoid cancer,
hepatic cancer and pancreatic cancer. Lung cancer was represented in 22 cases (7.36%).

Finally, 38 cases (12.71%) represented miscellaneous (Figure 1).

200
150
100 I
50
breast cancer prostate Gl Lung cancer Renal other Female
cancer malignancies Cancers malignancies reproductive
system

Figure 1 Types of malignancies among study population.

CT scan and BS were done for all 299 patients and we noticed that CT scan detected
bone metastasis only in 16 cases (5.35%) (Figure 2). On the other hand, BS detected bone
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Figure 3 A bone scan image of patient with positive bone scan and negative CT.
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Cannula

Figure 4 Patient with both bone scan and CT scan positive.

metastases in only 41 (13.71%) of the cases (Figure 3). However, both modalities detected
202 cases (67.56%) (Figure 4) and 40 cases with no bone metastasis were detected with
either modality. The detectability of BM in breast cancer patients by BS was 135 cases
(87.1%) out of 155, while the CT scan detected BM in 122 cases (78.71%), meaning that
BS has higher sensitivity than CT scan for breast cancer. In patients with prostate cancer,
the BS detected BM in all 38 cases (84.44%), while the CT scan detected BM in 32 cases
(71.11%) only, indicating higher sensitivity of BS for BM in prostate cancer. Regarding
GI malignancies, the BS detected BM in 27 cases (69.23.47%), while the CT scan detected
BM in 23 cases (58.97%) only, which indicated that BS has higher sensitivity for BM in GI
malignancies. BM in patients with lung cancer, renal cancer, female reproductive system
and other malignancies was detected by BS 45 (75 %), while the CT scan detected BM in 41
cases (68.33%) only, indicating higher sensitivity of BS for BM in prostate cancer (Table 1).

Of 45 prostate cancer patients, tumor marker tests were conducted on 40 cases, and
PSA was elevated in 28 (70 %) cases. Of 155 breast cancer patients, tumor marker tests
were conducted on 118 patients, and tumor markers were elevated in 46 patients (38.98%).
Of 39 GI malignancy patients, tumor marker tests were conducted on 30 cases, and tumor

markers were elevated in 24 cases (80%).
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Table 1 Detectability of bone metastases by CT scan vs. bone scintigraphy.

Type of malignancy CT scan  Bone scintigraphy = Detected by both  No detection  Total

Breast cancer 5 18 117 15 155
Prostate cancer 1 31 6 45
GI malignancies 4 19 8 39
Other malignancies 6 35 11 60

4. DISCUSSION

The sensitivity of bone scan detection of BM varies according to the origin of the tumor.
Studies revealed BS showed a higher sensitivity for BM detection than CT scan in differ-
ent oncological settings [10-12]. Since it has high sensitivity, it became the best modality
when it comes to bone metastasis screening and follow-up. Yet, studies proved that it has
low specificity for BM [9, 10]. Similarly, some new modalities (SPECT/CT, PET/CT and
PET/MRI) show higher sensitivity and specificity than BS. The addition of these modalities
improves the early detection of BM [12].

Concerning tumor marker role in BM progression, in a study done from 2006-2015 in
China, the researchers found a statistical relation between tumor marker elevation of lung

and colorectal cancer with the progression of BM [13].

In another study that was conducted from February 2016 to July 2016 in Shanxi Cancer
Hospital in China, the researchers found a correlation between breast cancer and the CEA
(77.1%) and CA 15.3 (45.8%) tumor markers [14].

Finally, in a study that was conducted between June 2007 and December 2012 in China,
it was found that CA 15.3 levels were an indicator of BM, while CEA elevation indicated

metastasis in a non-specific manner [15].

5. CONCLUSION

Our study shows that BS has higher sensitivity in detecting BM than CT scan in breast,
prostate and GI malignancies, considering it was an advanced tertiary referral center expe-
rience. We recommend conducting further studies in collaboration with other centers
to determine the sensitivity of each modality in BM detection, compare them with other
monitoring methods like tumor markers, MRI or PET/CT, optimize the hospital resources
utilization for each type of malignancy and reduce the patient’s exposure to unnecessary

radiation.
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