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Abstract
Background

The occurrence of skeletal metastases of unknown primary origin (SMUP) is uncommon. To provide
appropriate treatments for the primary and metastatic lesions, early diagnosis of the primary origin of
SMUP is important. Therefore, this study aimed to assess the types of examination method effective in
diagnosing the primary origin of SMUP and their order in terms of e�cacy.

Methods

We retrospectively examined 63 patients with SMUP. The primary origin was examined via physical
examination, blood test including tumor markers, chest radiography, thoracoabdominal computed
tomography (CT) scan, positron emission tomography (PET)-CT scan, metastatic lesion biopsy, and other
assessments. Examination methods considered effective for the diagnosis of the primary origin in a
speci�c type of cancer were investigated.

Results

The lung was the most common primary origin, followed by the lymph nodes, prostate, and breast.
Meanwhile, biopsy (87.0%) was the most effective examination, followed by PET-CT scan (60.0%) and
thoracoabdominal CT scan (38.6%). The �rst four steps; physical examination, blood tests, chest
radiography, thoracoabdominal CT were effective in diagnosing the primary origin in 41 (65%) of 63
patients. Finally, four patients were diagnosed with SMUP.

Conclusions

The examination steps used in this study are effective in diagnosing the primary origin of SMUP during
the initial visit. Blood tests are useful for hematological malignancy and prostate cancer. CT scan can be
used to identify cancers in the lung, breast, and kidney, which are the common primary origins. Moreover,
it is more useful than PET-CT scan from a comprehensive perspective.

Background
It was previously believed that bone metastases indicate terminal-stage cancer. The number of cancer
patients has been increasing with greater average life expectancy. The survival rates of various cancers
improved with the development of novel therapies. For example, in England, the 1-year survival rate of all-
stages of lung cancer has improved ≥ 10% from the 1990s to the 2010s due to advancements in
diagnosis and treatment[1, 2].Moreover, the treatment of renal cell carcinoma also has signi�cantly
progressed in recent years[3]. Approximately 10%-15% of cancers metastasize during clinical course[4].
The lung is the most common metastatic site, followed by the liver and bone[5]. The occurrence of
metastatic cancer of unknown primary origin is rare. However, it is still encountered in daily practice. A
histologically de�ned metastatic malignancy in which the primary site cannot be identi�ed after complete
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screening is referred to as cancer of unknown primary (CUP). CUP is one of the major groups of cancer,
with an incidence of 3%-5%. It is among the ten most common cancers worldwide[6]. The bone is a major
site according to the initial presentation of CUP. It accounts for about 36% of CUP and is the second most
frequent site after the lymph nodes[7]. CUP is included in metastatic cancers of unknown primary origin
at the �rst visit. Therefore, the bone is considered a common site of metastatic cancers of unknown
primary origin during the initial visit. This condition is referred as skeletal metastases of unknown
primary origin (SMUP). A delay in the diagnosis of the primary origin of SMUP during the initial visit can
be a problem, since it can inhibit the timely provision of appropriate treatments for the primary and
metastatic lesions. Delayed treatment for the primary cancer and skeletal metastasis lead to disease
progression and skeletal-related events (SRE), such as pathological fractures, spinal cord compression, or
hypercalcemia, respectively. Moreover, it can affect quality of life. Hence, it is important to establish a
diagnostic strategy to identify the primary origin and to initiate timely appropriate treatments. When a
metastatic bone tumor is suspected, an examination of the primary tumor is performed according to a
modi�ed and stylized strategy from a previous literature[8]. Hence, this study aimed to retrospectively
assess the types of examination methods effective for diagnosing the primary origin of SMUP during the
initial visit and their order in terms of e�cacy.

 

Patients And Methods
Patients

A total of 63 patients with SMUP were retrospectively examined during the initial visit between April 2007
and December 2018. However, patients with a previous history of a malignant tumor, those initially
suspected with metastatic bone tumor but diagnosed with another disease, and those with another
disease but diagnosed with metastatic bone tumor were excluded.

Examination steps for diagnosing the primary origin of cancer

When a metastatic tumor was suspected, the primary origin was examined via physical examination;
blood tests, including prostate-speci�c antigen (PSA), alpha-fetoprotein (AFP), carcinoembryonic antigen,
squamous cell carcinoma antigen, soluble interleukin-2 receptor (sIL2-R), and serum protein
electrophoresis; chest radiography; thoracoabdominal computed tomography (CT) scan; positron
emission tomography (PET)-CT scan; metastatic lesion biopsy; and other assessments. This strategy
was a modi�ed version of that reported in a previous literature[8]. Basically, these examinations were
discontinued when the primary origin was identi�ed, except when a test was required for further
examination and staging of the primary origin.

Data collection and analysis
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Data on age during the initial visit, sex, metastatic sites, examinations performed, examination results,
and diagnosis of the primary origin were collected from the clinical records. An examination that could
almost diagnose the primary origin was de�ned as effective. The type of examination effective for the
diagnosis of the primary origin was investigated. In addition, the e�cacy of each examination including
those performed for further evaluation and staging of the primary origin was evaluated.

This retrospective case series was conducted in accordance with the ethical standards described in the
Declaration of Helsinki and was approved by the institutional review board of our institution.

Results
Demographic characteristics of the participants

There were 35 men and 28 women, with a mean age of 68.4 (range, 28-84) years. The thoracic vertebra
(85 lesions) was the most common metastatic site, followed by the lumber vertebra (61 lesions) and ribs
(49 lesions). Except for the axial skeleton, the ilium (33 lesions) and femur (23 lesions) were also frequent
metastatic sites. A total of 19 patients presented with solitary lesions and 44 with multiple lesions (total
of 354) (Table 1). The lung (n=14) was the most common primary site, followed by the lymph nodes:
malignant lymphoma (n=8), prostate (n=8), breast (n=6), kidney (n=5), plasma cells: multiple myeloma
(n=5), and others (Table 2).

E�cacy of each examination

Biopsy (87.0%) was the most effective examination, followed by PET-CT scan (60.0%), and
thoracoabdominal CT scan (38.6%). Physical examination was effective for diagnosing breast cancer. In
terms of blood tests, assessment of sIL2-R, immune electrophoresis and PSA were effective for
identifying lymphomas, multiple myeloma, and prostate cancer, respectively. Moreover, chest radiography
could detect lung cancer. Thoracoabdominal CT scan, PET-CT scan, and biopsy were effective in
identifying any types of cancer (Table 3).

Number of primary origins identi�ed

Physical examination diagnosed the primary origin in 4 of 63 patients with breast cancer. In 18 of 59
patients, blood test was effective in identifying the primary cancers, which were hematological
malignancy and prostate cancer. Then, chest radiography could diagnose the primary origin in 6 of 41
patients, who all had lung cancer. Thoracoabdominal CT scan was effective in detecting the primary
origins in 13 of 35 patients (n=1, breast cancer; n = 5, lung cancer; and n = 3, liver cancer). In 7 of 22
patients (n = 2, gastric cancer, and n = 2, lung cancer), PET-CT scan could identify the primary origin.
Moreover, biopsy was effective in 7 of 15 patients; other methods were used in 4 of 8 patients. The
remaining four patients were diagnosed with unknown primary origin (Figure 1).

Discussion
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A diagnostic strategy for identifying the primary origins of SMUP during the initial visit should be
established with consideration of various characteristics of examination strategies. The types of
examination strategies and their order in terms of e�cacy should be determined based on the incidence
of a speci�c type of cancer, extent of invasiveness, and time required for and ability and cost of the
method.

In this study, lung cancer was most commonly associated with metastatic bone tumor, followed by
malignant lymphoma; prostate, breast, and kidney cancer; and multiple myeloma. In patients with known
or unknown primary origin at the time of bone metastasis diagnosis, the breast, lung, prostate, and kidney
were the common primary origins[9, 10]. In patients with SMUP during the initial visit, the common
primary origins were the lung, plasma cells, prostate, lymph nodes, kidney, breast, and liver[11, 12].
Whether cancer metastasizes at an early or late stage is based on the type of cancer. However, the lung,
breast, prostate, and kidney were the frequent primary origins of skeletal metastases. Myeloma and
lymphoma might not be included in the statistics, and hematological cancer was one of the most
common primary origins.

The screening methods used differ based on the type of cancer. For lung cancer, low-grade helical CT
scan is recommended[13, 14]. Mammography is used for the screening of breast cancer, and palpation is
included in the diagnostic work-up examinations[15, 16]. Prostate cancer is usually assessed via blood
test, including PSA with or without digital rectal examination[16, 17]. Paraprotein and sIL-2 R are
important diagnostic markers for myeloma and malignant lymphoma, respectively[18, 19]. In this study,
physical examination was useful for the diagnosis of breast cancer, and blood testing was effective for
the detection of malignant lymphoma, prostate cancer, and multiple myeloma. Moreover,
thoracoabdominal CT scan was effective for the diagnosis of different types of cancer, particularly lung,
breast, and liver cancer. PET-CT scan and metastatic lesion biopsy were useful for the identi�cation of
most types of cancer. By contrast, the detection rate of chest radiography was <50% even in lung cancer.
In screening for the primary origin of SMUP, thoracoabdominal CT scans were found to be effective
particularly in the diagnosis of patients with lung, hepatocellular, renal cell, and pancreatic carcinomas.
Moreover, an elevation serum AFP or PSA level is relatively speci�c to hepatocellular or prostate
carcinoma[12].

Using our strategy modi�ed based on a previous literature[8], physical examination, blood test, chest
radiography, and thoracoabdominal CT scan were effective in identifying lesions in 41 (65%) of 63
patients with SMUP during the initial visit. In a previous report, in approximately 53.3% of patients, the
primary origin of SMUP was diagnosed via common examinations, such as medical history taking,
physical examinations, chest radiography, blood test, and whole-body CT scan[11]. The examinations
included in the �rst half of the diagnostic strategy are less invasive and have fewer side effects and are
useful for the diagnosis of common primary origins. For example, palpitation for breast cancer, blood test
for prostate and hematological cancers, and CT scan for lung and breast cancers are extremely useful
examinations. Meanwhile, the e�cacy of chest radiography may be limited. However, it was effective in
evaluating the patients’ general condition. Therefore, if CT scan could be performed quickly, radiography
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might be omitted from this strategy. PET-CT scan was found to be a useful method in identifying the
primary origin of SMUP[20, 21]. In few cases, PET-CT scan was effective for diagnosis of advanced-stage
gastric cancer, which is not detected on CT scan. Furthermore, the diagnostic ability of PET-CT scan
(60.0%) was higher than that of CT scan (38.6%). However, CT scan was effective in detecting common
primary cancers. That is, in more than 50% of cases, the primary origins of SMUP were identi�ed during
the initial visit via common examinations, including CT scan. In addition, PET-CT scan is more expensive
and time-consuming than CT scan. The primary origin of an SMUP could be identi�ed more quickly with
the use of CT scan than PET-CT scan[22]. Moreover, CT scan might be more useful than PET-CT scan in
detecting the primary origin of SMUP from a comprehensive perspective.

This study had several limitations. First, the number of patients in this study was relatively lower than
that in other recent studies. Hence, a statistical analysis was not performed. However, we believe that the
results were accurate even though only few patients were included. Next, data on the period from the
initial visit to the diagnosis of the primary origin and prognosis of patients with SMUP were not included.
The overall survival rate in patients with metastatic bone tumors was correlated with the presence of SRE
and spinal metastases, performance status, number of metastases, and primary sites[11, 22]. Moreover, it
is challenging to identify a study showing the period between the day of initial visit and date of diagnosis
of the primary origin and the relationship between the period required for diagnosis and prognosis.
Whether this strategy saves the period required for diagnosing the primary origin of SMUP and whether
early diagnosis of the primary origin improves patient prognosis are of great concern. Hence, these issues
should be addressed in the future.

Conclusions
The diagnostic strategies used in this study are effective for the diagnosis of the primary origin of SMUP
during the initial visit. That is, >50% of patients were diagnosed via blood test, radiography, and
thoracoabdominal CT scan. However, radiography can be omitted if CT scan is performed immediately.
Blood tests are useful for identifying the common primary origins of SMUP, which include the
hematological malignancy and prostate. Moreover, CT scan is useful in identifying lung, breast, and
kidney cancers, and it may be more useful than PET-CT scan from a comprehensive perspective. Finally,
PET-CT scan is considered effective for the diagnosis of advanced-stage gastric cancer and primary
origin not detected on CT scan even though this �nding was only observed in few cases.
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Table 1 Site of metastatic lesions
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Solitary metastasis (n=19) Multiple metastasis (354 lesions in 44 patients)

Site of metastasis Number of
patients

  Site of metastasis Number of
patients

 

Cervical vertebra 1     Cervical vertebra 1 1  

Cervical vertebra 2 1   Cervical vertebra 2 5  

Cervical vertebra 3     Cervical vertebra 3 1  

Cervical vertebra 4     Cervical vertebra 4 3  

Cervical vertebra 5     Cervical vertebra 5 5  

Cervical vertebra 6   Total: Cervical vertebra 6 4 Total:

Cervical vertebra 7   1 Cervical vertebra 7 4 23

Thoracic vertebra
1

    Thoracic vertebra
1

4  

Thoracic vertebra
2

    Thoracic vertebra
2

5  

Thoracic vertebra
3

    Thoracic vertebra
3

5  

Thoracic vertebra
4

    Thoracic vertebra
4

6  

Thoracic vertebra
5

    Thoracic vertebra
5

10  

Thoracic vertebra
6

    Thoracic vertebra
6

4  

Thoracic vertebra
7

    Thoracic vertebra
7

6  

Thoracic vertebra
8

    Thoracic vertebra
8

4  

Thoracic vertebra
9

    Thoracic vertebra
9

12  

Thoracic vertebra
10

1   Thoracic vertebra
10

10  

Thoracic vertebra
11

  Total: Thoracic vertebra
11

9 Total:

Thoracic vertebra
12

2 3 Thoracic vertebra
12

7 82

Lumbar vertebra 1     Lumbar vertebra 1 10  

Lumbar vertebra 2 2   Lumbar vertebra 2 9  
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Lumbar vertebra 3     Lumbar vertebra 3 11  

Lumbar vertebra 4 2 Total: Lumbar vertebra 4 15 Total:

Lumbar vertebra 5   4 Lumbar vertebra 5 12 57

Sacral vertebra 1 1   Sacral vertebra 1 16  

Sacral vertebra 2     Sacral vertebra 2 8  

Sacral vertebra 3     Sacral vertebra 3 4  

Sacral vertebra 4   Total: Sacral vertebra 4 2 Total:

Sacral vertebra 5   1 Sacral vertebra 5 1 31

Rib 1     Rib 1 4  

Rib 2     Rib 2 2  

Rib 3     Rib 3 3  

Rib 4     Rib 4 2  

Rib 5     Rib 5 6  

Rib 6     Rib 6 7  

Rib 7     Rib 7 6  

Rib 8     Rib 8 4  

Rib 9 1   Rib 9 8  

Rib 10     Rib 10 4  

Rib 11   Total: Rib 11 1 Total:

Rib 12   1 Rib 12 1 48

Cranium     Cranium 2  

Clavicula 1   Clavicula 1  

Scapula 2   Scapula 11  

Sternum     Sternum 4  

Humerus 1   Humerus 9  

Ilium 2   Ilium 31  

Pubis     Pubis 17  

Ischium     Ischium 16  

Femur 3   Femur 20  
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Tibia     Tibia 1  

Calcaneus     Calcaneus 1  

Table 2 Primary origin of skeletal metastasis of unknown primary origin

Primary cancer Number of patients (%)

Lung cancer 14 (22.2)

Malignant lymphoma 8 (12.7)

Prostate cancer 7 (11.1)

Breast cancer 6 (9.5)

Kidney cancer 5 (7.9)

Multiple myeloma 5 (7.9)

Liver cancer 4 (6.3)

Thyroid cancer 3 (4.8)

Stomach cancer 2 (3.2)

Uterus cancer 2 (3.2)

Urinary bladder cancer 1 (1.6)

Ovary cancer 1 (1.6)

Anal canal cancer 1 (1.6)

Unknown 4 (6.3)

 

Table 3 E�cacy of each examination according to primary cancer
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Primary
lesion

Physical
examination

Blood
test

Chest
radiography

Thoracoabdominal
CT scan

PET-CT
scan

Biopsy

Total 4/63

(6.3%)

18/63

 (28.6%)

6/63

(9.5%)

22/47

(38.6%)

18/30

(60.0%)

19/22

(87.0%)

Lung cancer 0/14 0/14 6/14 6/10 6/6 4/4

Malignant
lymphoma

0/8 6/8 0/8 1/4 0/5 4/5

Prostate
cancer

0/7 7/7 0/7 3/6 1/1 0/0

Breast
cancer

4/6 0/6 0/6 5/6 3/5 1/1

Kidney
cancer

0/5 0/5 0/5 2/5 2/2 4/4

Multiple
myeloma

0/5 5/5 0/5 0/4 0/0 0/0

Liver cancer 0/4 0/4 0/4 3/4 0/0 2/2

Thyroid
cancer

0/3 0/3 0/3 0/1 2/2 3/3

Stomach
cancer

0/2 0/2 0/2 0/2 2/2 0/0

Uterus
cancer

0/2 0/2 0/2 1/2 2/2 0/0

Urinary
bladder
cancer

0/1 0/1 0/1 0/0 0/1 1/1

Ovary
cancer

0/1 0/1 0/1 1/1 0/0 0/0

Anal canal
cancer

0/1 0/1 0/1 0/0 0/1 0/0

Unknown 0/4 0/4 0/4 0/2 0/3 0/2

Each column shows the number of patients who were accurately diagnosed and number of examinations

 

Figures
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Figure 1

Number of identi�ed primary lesions using the diagnostic methods Examinations of each steps are set on
the axis of ordinate while the number of primary origins identi�ed is set on the axis of abscissa. The �rst
four steps; physical examination, blood tests, chest radiography, thoracoabdominal CT were effective in
diagnosing the primary origin in 41 (65%) of 63 patients.

Figure 1
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the axis of ordinate while the number of primary origins identi�ed is set on the axis of abscissa. The �rst
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four steps; physical examination, blood tests, chest radiography, thoracoabdominal CT were effective in
diagnosing the primary origin in 41 (65%) of 63 patients.


