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Introduction

It was previously believed that bone metastases indicated 
terminal-stage cancer. The number of cancer patients has 
been gradually increasing with a longer average life expec-
tancy. The survival rates of various cancers have 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 significantly 

progressed in recent years.3 Approximately 10%–15% of 
cancers metastasize during their clinical course.4 The lung is 
the most common metastatic site, followed by the liver and 
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bone.5 The occurrence of metastatic cancer of unknown pri-
mary (CUP) origin is rare. However, it is still encountered in 
daily practice. A histologically defined metastatic malig-
nancy in which the primary site cannot be identified after 
complete screening is referred to as CUP. CUP is one of the 
major groups of cancer, with an incidence of 3%–5%. It is 
among the 10 most common cancer types 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 first 
visit. Therefore, the bone is considered a common site of 
metastatic cancers of unknown primary origin during the 
initial visit. This condition is referred to as skeletal meta-
stases of unknown primary (SMUP) origin. A delay in the 
diagnosis of the primary origin of SMUP during the initial 
visit can be a problem, as it can inhibit the timely provision 
of appropriate treatments for the primary and metastatic 
lesions. Delayed treatment of the primary cancer and skele-
tal metastasis leads to disease progression and skeletal-
related events (SREs), such as pathological fractures, spinal 
cord compression, or hypercalcemia. Moreover, it can affect 
the quality of life. Hence, it is important to establish a diag-
nostic strategy to identify the primary origin and to initiate 
timely and appropriate treatments. In the past, there have 
been reports on strategies for diagnosing the primary origins 
of SMUP during the initial visit.8–10 However, the number of 
reports is limited and not sufficient to establish an effective 
strategy; thus, it is necessary to accumulate more reports on 
this subject.

In our hospital, when a metastatic bone tumor is sus-
pected, an examination of the primary tumor is performed 
according to a modified strategy based on the previous lit-
erature.11 Hence, the primary aim of this study was to retro-
spectively assess the types and order of examinations that 
are effective for diagnosing the primary origin of SMUP 
during the initial visit, and the secondary aim was to evalu-
ate the effectiveness of each test, and, the third aim of this 
study was to explore the strategy that was useful for the 
orthopedic primary care doctors who initially examine 
patients with the SMUP.

Patients and methods

Patients

This retrospective chart review study included patients with 
SMUP during the initial visit between April 2007 and 
December 2018. Of the patients diagnosed with metastatic 
bone tumors during the initial visit, patients with a previous 
history of a malignant tumor and those initially suspected 
with another disease but diagnosed with a metastatic bone 
tumor were excluded. Patients initially suspected with a met-
astatic bone tumor but diagnosed with another disease were 
also excluded. In addition, patients who did not undergo the 

examinations according to steps described in below for vari-
ous reasons, for example, due to the deterioration of their 
general condition, were excluded. Finally, 61 patients were 
diagnosed as having SMUP during the initial visit and were 
included in this study. Their data were collected from clinical 
records and analyzed retrospectively.

Examination steps for identifying the primary 
origin of cancer

When a metastatic tumor was suspected, the primary origin 
was examined via physical examination; blood tests, includ-
ing prostate-specific antigen (PSA), alpha-fetoprotein (AFP), 
carcinoembryonic antigen, squamous cell carcinoma antigen, 
soluble interleukin-2 receptor (sIL-2R), and serum protein 
electrophoresis; chest radiography; thoracoabdominal com-
puted tomography (CT) scan; positron emission tomography 
(PET)–CT scan; metastatic lesion biopsy; and other assess-
ments. This strategy was a modified version of the strategy 
that described in a previous literature. This original protocol 
in the literature included physical examination, chest radiog-
raphy, thoracoabdominal CT scan, blood tests, urine and fecal 
occult blood test, common tumor marker test, bone scintig-
raphy, and gallium scintigraphy as primary examinations 
followed by bone biopsy, gastrointestinal endoscopy, pelvic 
magnetic resonance imaging, PET–CT, and additional tumor 
marker tests as secondary examinations.11 Basically, these 
examinations were discontinued when the primary origin was 
identified, except when a test was required for further exami-
nation and staging of the primary origin (Figure 1). Biopsy of 
the primary origin and histopathological diagnosis were not 
included in examination steps because they were performed 
by specialist doctors depends on each primary lesion.

Statistical analysis

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 ori-
gin was defined as effective. The type of examination effec-
tive for the diagnosis of the primary origin was investigated. 
In addition, the sensitivity of each examination including 
those performed for further evaluation and staging of the pri-
mary origin was evaluated. In this context, the sensitivity is 
the rate that at which it can be pointed out that the lesion that 
is the primary origin is positive in all the examinations per-
formed, including the tests required for further examination 
and staging.

This retrospective study was conducted in accordance 
with the ethical standards described in the Declaration of 
Helsinki and was approved by the institutional review board 
of Ehime University Hospital (no. 1911009). Requirement of 
a written informed consent was waived by the institutional 
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review board of Ehime University Hospital owing to the 
retro spective nature of this study.

Results

Demographic characteristics of the participants

There were 34 men and 27 women, with a mean age of 68.2 
(range = 28–84) years. The thoracic vertebra (85 lesions) was 
the most common metastatic site, followed by the lumbar ver-
tebra (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 42 with multiple lesions (a total of 
350) (Table 1). The lung (n = 14) was the most common pri-
mary site, followed by the lymph nodes: malignant lym-
phoma (n = 8), prostate (n = 8), breast (n = 6), kidney (n = 5), 
plasma cells: multiple myeloma (n = 5), and others (Table 2).

Number of primary origins identified

Physical examination was effective to diagnose the primary 
origin in 4 of 61 patients with breast cancer. In 18 of 57 
patients, blood tests were effective in identifying the primary 
cancers, which were hematological malignancy (n = 6, lym-
phoma and n = 5, multiple myeloma) and prostate cancer 
(n = 7). Chest radiography was effective to diagnose the pri-
mary origin in 6 of 39 patients, all of whom had lung cancer. 
Thoracoabdominal CT scan was effective in detecting the 
primary origins in 13 of 33 patients (n = 5, lung cancer; n = 3, 
liver cancer; n = 2, kidney cancer; n = 1, breast cancer; n = 1, 
ovarian cancer; and n = 1, uterine cancer). In 7 of 20 patients 
(n = 2, gastric cancer; n = 2, lung cancer; n = 1, kidney cancer; 
n = 1, thyroid cancer; and n = 1, uterine cancer), PET–CT 
scan could identify the primary origin. Furthermore, meta-
static lesion biopsy was effective in 7 of 13 patients (n = 2, 
kidney cancer; n = 2, thyroid cancer; n = 1, breast cancer; 

Figure 1. Examination steps for identifying the primary origin of cancer. The primary origin was examined based on these steps. Steps 
were discontinued when the primary origin was identified and consultation with the primary lesion department was conducted. The 
border color of box corresponds to each color of the bar in Figure 2.
CT: computed tomography; PET: positron emission tomography; CUP: cancer of unknown primary.
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n = 1, lung cancer; and n = 1, urinary bladder cancer), and 
other methods were effective in 4 (n = 2, lymphoma; n = 1, 
liver cancer; and n = 1, anal canal cancer) of 6 patients. Other 
methods included biopsies of another metastatic lesion and 
biopsies of the primary lesion that could not be determined 
through PET–CT scan. The remaining two patients were 
diagnosed with unknown primary origin (Figure 2).

Sensitivity of each examination

Metastatic lesion biopsy (86.3%) was the most effective 
examination, followed by PET–CT scan (62.0%) and thora-
coabdominal CT scan (46.8%). Physical examination was 
effective for diagnosing breast cancer. In terms of blood 
tests, assessment of sIL-2R, immune electrophoresis, and 

PSA were effective for identifying lymphomas, multiple 
myeloma, and prostate cancer, respectively. Moreover, 
chest radiography could detect some lung cancers. 
Thoracoabdominal CT scan, PET–CT scan, and biopsy 
were effective in identifying all types of cancer (Table 3).

Discussion

A screening strategy for identifying the primary origins of 
SMUP during the initial visit should be established with con-
sideration of various characteristics of examination strate-
gies. The types of examination strategies and their order in 
terms of sensitivity should be determined based on the inci-
dence of a specific type of cancer, extent of invasiveness, 
and time required for and ability and cost of the method. In 

Table 1. The site of metastatic lesions.

Solitary metastasis (19 lesions in 19 patients) Multiple metastasis (350 lesions in 42 patients)

Site of metastasis Number of lesions Number of lesions
Cervical vertebra 1 22
Thoracic vertebra 3 82
Lumbar vertebra 4 57
Sacral vertebra 1 29
Rib 1 48
Cranium  2
Clavicula 1  1
Scapula 2 11
Sternum  4
Humerus 1  8
Ilium 2 31
Pubis 17
Ischium 16
Femur 3 20
Tibia  1
Calcaneus  1

Table 2. The primary origin of skeletal metastasis of unknown primary origin during the initial visit.

Primary cancer Number of patients (%)

Lung cancer 14 (23.0)
Malignant lymphoma 8 (13.1)
Prostate cancer 7 (11.5)
Breast cancer 6 (9.8)
Kidney cancer 5 (8.2)
Multiple myeloma 5 (8.2)
Liver cancer 4 (6.6)
Thyroid cancer 3 (4.9)
Stomach cancer 2 (3.3)
Uterus cancer 2 (3.3)
Urinary bladder cancer 1 (1.6)
Ovary cancer 1 (1.6)
Anal canal cancer 1 (1.6)
Unknown 2 (3.3)
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this study, all patients were Japanese; however, the incidence 
of a specific type of cancer varies by race and region, and the 
variation may have to be taken into consideration so as to 
choose the appropriate examination.

In this study, lung cancer was most commonly associated 
with metastatic bone tumor, followed by malignant lym-
phoma; 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 common primary origin 
sites.12,13 In patients with SMUP during the initial visit, 
common primary origin sites were the lung, plasma cells, 
prostate, lymph nodes, kidney, breast, and liver.9,10 Whether 
cancer metastasizes at an early or late stage are based on the 

Figure 2. Number of identified primary lesions using the diagnostic methods. Examinations of each step are set on the axis of ordinate, 
whereas the number of primary origins identified is set on the axis of abscissa. The first four steps of physical examination, blood tests, 
chest radiography, and thoracoabdominal CT were effective in diagnosing the primary origin in 41 (67.2%) of 61 patients. The color of 
each bar corresponds to each border color of the box in Figure 2.
CT: computed tomography; PET: positron emission tomography.

Table 3. The sensitivity of each examination according to the primary cancer.

Primary lesion Physical 
examination

Blood test Chest 
radiography

Thoracoabdominal 
CT scan

PET–CT scan Metastatic 
lesion biopsy

Total 4/61 (6.6%) 18/61 (29.5%) 6/61 (9.8%) 22/47 (46.8%) 18/29 (62.0%) 19/22 (86.3%)
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 cancera 0/1 0/1 0/1 0/0 0/1 0/0
Unknown 0/2 0/2 0/2 0/2 0/2 0/2

PET: positron emission tomography; CT: computed tomography.
Each column shows the number of patients with positive findings regarding primary site and number of examinations.
aThis patient was diagnosed with anal canal cancer by colonoscopy and biopsy from primary origin.
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type of cancer. However, the lung, breast, prostate, and 
kidney were the frequent primary origins of skeletal meta-
stases. 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 recom-
mended.14,15 Mammography is used for the screening of 
breast cancer, and palpation is included in the diagnostic 
work-up examination.16,17 Prostate cancer is usually assessed 
via blood test, including PSA with or without a digital rectal 
examination.17,18 Paraprotein and sIL-2R are important diag-
nostic markers for myeloma and malignant lymphoma, 
respectively.19,20 In this study, physical examination was use-
ful for the screening of breast cancer, and blood testing was 
effective for the detection of malignant lymphoma, prostate 
cancer, and multiple myeloma. In addition, the thoracoab-
dominal 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 identification of most types of cancer. In contrast, the 
detection rate of chest radiography was <50% even for lung 
cancer. Thoracoabdominal CT scans were found to be effec-
tive in screening for the primary origin of SMUP, particu-
larly in the diagnosis of patients with lung, hepatocellular, 
renal cell, and pancreatic carcinomas. Moreover, an elevated 
serum AFP level is relatively specific to hepatocellular 
carcinoma.10

In a previous report, in approximately 53.3% of patients, 
the primary origin of SMUP was diagnosed via common 
examinations, such as medical history, physical examina-
tions, chest radiography, blood test, and whole-body CT 
scan.9 Similarly, in our results, more than half of the cases, 
41 (67.2%) of 61 patients, could be diagnosed via the first 
four steps: physical examination, blood test, chest radiogra-
phy, and thoracoabdominal CT scan. The examinations 
included in these first four steps of the diagnostic strategy 
are less invasive, and have fewer side effects, and are useful 
for the diagnosis of common primary origins. For example, 
palpation for breast cancer, blood tests for prostate and 
hematological cancers, and CT scans for lung and breast can-
cers are extremely useful examinations. The sensitivity of 
chest radiography may be limited, as it was effective only in 
evaluating the patients’ general condition, such as pleural 
effusions and large lung lesions. Therefore, if CT scans could 
be performed quickly, radiography might be omitted from 
this strategy. PET–CT scan was found to be a useful method 
in identifying the primary origin of SMUP.21,22 In our study, 
PET–CT scan was found to be effective for the diagnosis of 
a few cases of advanced-stage gastric cancer, which could 
not be detected on a CT scan. Furthermore, the diagnostic 
ability of a PET–CT scan (60.0%) was higher than that of a 
CT scan (38.6%). However, CT scans were effective in 
detecting common primary cancers. That is, in more than 
60% of cases, the primary origins of SMUP were identified 

during the initial visit via common examinations, including 
CT scans. In addition, a PET–CT scan is more expensive and 
the primary origin of SMUP can be identified more quickly 
on a CT scan than on a PET–CT scan.23 We believe that that 
a CT scan is an effective examination as the first step of radi-
ological screening to detect the common primary origins of 
SMUP, such as lung, breast, and kidney cancers. PET–CT 
scan was also effective, although it should be performed 
when a CT scan cannot identify the primary origin from a 
comprehensive perspective.

This study has some limitations. First, the calculation 
and justification of the sample size selected for this study 
has not been performed. The number of patients in this study 
was relatively lower than that in other recent studies. 
However, we believe that the results were accurate despite 
the inclusion of only few patients. Next, confounding fac-
tors may have been present during the interpretation of the 
examination results because physical examination, blood 
tests, chest radiography, and most of the CT scans were per-
formed on the same day. In addition, there may be a problem 
in evaluating the sensitivity of each examination because 
definitive diagnosis may be affected by the results of all the 
previous examinations. Finally, there was no statistical veri-
fication of our strategy. There is no documentation on the 
period required for diagnosis of the primary origin and 
prognosis of patients with SMUP.9,10 Whether this strategy 
reduces the period required for diagnosing the primary ori-
gin of SMUP and whether early diagnosis of the primary 
origin improves patient prognosis are considerably concern-
ing. However, the overall survival rate in patients with met-
astatic bone tumors was correlated with various factors, 
such as the presence of SRE, spinal metastases, performance 
status, number of metastatic sites, and primary sites.9,23 To 
elucidate the above problem statistically, analyses through 
large-scale studies are needed. Hence, these issues should 
be addressed in the future.

Conclusion

The diagnostic strategies used in this study are effective for 
identifying the primary origin of SMUP during the initial 
visit. That is, >60% of patients were diagnosed via blood 
test, radiography, and thoracoabdominal CT scan. However, 
radiography can be omitted if CT scan is performed imme-
diately. Blood tests are useful for identifying the common 
primary origins of SMUP. Moreover, a CT scan is effective 
as the first step of radiological screening to detect the com-
mon primary origins of SMUP. A PET–CT scan is also 
effective, although it should be performed when the primary 
origin is not detected on a CT scan from a comprehensive 
perspective.
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