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Background: Skeletal metastases (SM) in advanced pancreatic ductal adenocarcinoma (PDAC) is an 
infrequent occurrence that has been previously reported in literature to occur in less than 2.5% of the cases. 
Complications such as pathological fractures can result in intractable pain, immobilization and a significant 
deterioration in quality of life. The purpose of this study is to improve the understanding of the increasing 
incidence of SM and the importance of surveillance and adequate management of SM in these patients. 
Methods: A retrospective analysis was conducted using a clinical database at a single tertiary care institution 
for cancer patients; this included 207 patients with advanced PDAC diagnosed between December 2004 
and March 2017 receiving palliative chemotherapy. SM were identified by computerized tomography (CT)/
fluorodeoxyglucose positron emission tomography (FDG-PET)/magnetic resonance imaging (MRI). 
Information regarding demographics, clinical course and date of last follow-up/death were collected. After a 
median follow-up of 11 months, an analysis was conducted, including a Kaplan-Meier survival analysis.
Results: The study included 207 patients; 19 out of 207 patients (9.2%) developed SM; the primary 
tumor was located in the pancreatic body/tail in 12 out of 19 patients (63.2%). The thoracic and lumbar 
vertebrae were the most common sites of SM. Other common synchronous sites of metastases included the 
liver and lung. A majority of the lesions were osteolytic (63.2%). The median time of diagnosis from the 
initial diagnosis was 2 months (range, 0–60 months). Bone pain was observed as the initial symptom in 7 
out of 19 patients (36.8%), 2 out of 19 patients (10.5%) had a pathological fracture and 1 out of 19 patients 
(5.3%) developed a para-spinal mass causing inferior vena cava compression. The median survival period 
for patients with SM was 11 months (range, 0–62 months) and for those without SM was 12 months (range,  
0–147 months) [hazard ratio (HR) 1.24, 95% confidence interval (CI): 0.66–2.30, P=0.51].
Conclusions: There has been a challenge with regards to management of the increasing number of patients 
with SM. Thoracic and lumbar vertebrae are the most common sites and pathological fractures in these sites 
can be catastrophic. Careful evaluation of skeletal signs and symptoms, early detection and intervention are 
essential to prevent morbidity and mortality from complications in patients with PDAC and SM.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a malignancy 
where, while the overall incidence of the cancer is only 
3% in the general population, the mortality rate closely 
approaches the incidence rates (1). The survival of PDAC 
patients declines rapidly with its spread; the estimated 5-year 
survival of patients with localized disease is 31.5%, with 
regionally spread disease at 11.5% and with distantly spread 
at 2.7% (2). With the advent of newer combination systemic 
therapies like FOLFIRINOX and gemcitabine plus nab-
paclitaxel, the 5-year survival in advanced disease is now 
improved to about 8–10%, as compared to 3% in 1975 (2-8). 

The skeletal system has been a known common site of 
metastases for various malignancies like prostate, breast, 
and lung cancers, and has also been associated with kidney, 
bladder, and thyroid cancers, as well as some lymphomas 
and sarcomas (9). Established data demonstrate that prostate 
cancer typically leads to osteoblastic lesions in the skeletal 
system, while other forms of cancers such as breast cancer 
usually cause osteolytic lesions (9). The most common sites 
of metastases in PDAC are the liver and peritoneal cavity 
whereas skeletal metastases (SM) from pancreatic cancer 
have thus far been considered an infrequent occurrence. 
The first case of pancreatic cancer with SM was described 
in 1963 (10). A study done in 2009, included 323 patients 
with advanced PDAC and reported an incidence of 2.2% of 
SM (11,12). There is an observed increase in the incidence 
of SM in PDAC patients which perhaps is related to the 
increased overall survival with novel systemic treatment 
regimens. Complications such as pathological fractures in 
these patients can result in intractable pain, immobilization 
and a significant deterioration in quality of life.

The most common sites of SM from PDAC are reported 
to be in vertebrae, pelvis and ribs (12). The primary tumor 
is commonly located in the body/tail of the pancreas as 
seen in 10 out of 13 patients in a retrospective study (13), 
albeit the exact pathogenesis is unknown. Preliminary 
data suggest that cytokines such as interleukin 6 (IL-6), 
vascular endothelial growth factor (VEGF), and parathyroid 
hormone-related protein (PTHrP) may play a pivotal role 
in the growth of pancreatic cancer in the bone (13). Other 
factors that stimulate osteoclastic bone resorption such as 
transforming growth factor beta (TGF-beta), interleukin 
11 (IL-11) and matrix metalloproteinases may be involved 
as well (14). It has been suggested that the pathogenesis 
of SM is probably related to the Batson’s vertebral vein 
plexus, which bypasses the liver and lungs. This plexus is 

longitudinal, valveless and extends from the sacrum to the 
skull. Tumor cells can enter the Batson’s vertebral vein 
plexus and spread to the vertebrae, ribs, pelvis and proximal 
limb girdle (9). This may explain why the cancer of the head 
of the pancreas very rarely causes SM as compared to the 
cancer of the body or the tail of the pancreas. In addition, 
bone involvement in patients with pancreatic cancer may 
result from direct posterior extension of the primary tumor 
with destruction of the bodies of one or more upper lumbar 
vertebrae (11,15). Additional factors such as ethnic, genetic, 
and biologic variables that determine the homing and 
proliferation of tumor cells and incidence of SM in PDAC 
are still poorly understood.

The SM from PDAC are characterized as being 
predominantly osteoblastic in some (12) and osteolytic in 
other reports (13). There is very limited literature available 
to assess incidence, presentation, risk factors, clinical and 
demographic characteristics and time of occurrence with 
respect to PDAC diagnosis. Also, very little is known about 
its natural history, survival and overall prognosis of SM 
in PDAC. The most common presenting symptoms of 
SM from PDAC are non-specific, e.g., back pain. As per 
a report, a 77-year-ld man presented with back pain and 
was found to have osteoblastic changes of L3 vertebrae on 
imaging (10). Subsequent computed tomography (CT) of 
the abdomen demonstrated enlarged peri-pancreatic lymph 
nodes and fluid in the space of Douglas (11). Biopsy of the 
L3 lesion led to the initial diagnosis of a well-differentiated 
pancreatic adenocarcinoma (11). There is a case report of 
SM presenting as the only site of recurrence, three years 
after initial curative surgery and adjuvant gemcitabine in a 
patient with resectable PDAC (16). Another case reported a 
25-year-old male who was found to have bilateral temporal 
bone adenocarcinoma caused by metastases from a primary 
lesion in the pancreas after he presented with hearing 
impairment, as the first site of metastases with newly 
diagnosed PDAC (17). 

It is challenging to estimate the exact incidence of bone 
metastases from PDAC, since the imaging of the bones 
at initial diagnosis and examination of the skeleton at 
autopsy are not a part of standard of care for treatment for 
all patients. SM commonly leads to pathological fractures, 
uncontrolled pain, immobilization, impaired quality of 
life and emotional distress. In addition, complications 
like hypercalcemia and cord compression can become 
catastrophic. This can be prevented by early recognition 
and intervention such as palliative radiation, stabilization 
surgery and/or bone directed therapy. Thus, it is essential 
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to address these gaps in our knowledge with respect to 
SM secondary to PDAC, which remain underreported, 
especially in the light of its increased occurrence.

Objectives

In this retrospective study, the primary objective was to 
describe the clinical characteristics of patients with advanced 
PDAC who developed SM. The secondary objectives of 
the study were to (I) describe SM related complications 
in advanced PDAC, (II) study association of worsening 
performance status (PS) with development of SM and (III) 
study association of survival between patients with and 
without SM in advanced PDAC.

We present the following article in accordance with 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jgo-20-361). 

Methods

Subjects and setting

This study was a single institution observational study 
conducted at Banner MD Anderson Cancer Center 
in Gilbert, Arizona specializing in cancer patients. A 
retrospective analysis was performed on patients with 
advanced PDAC receiving palliative chemotherapy. The 
overall cohort consisted of patients aged 53 to 92 years with 
initial presentation of advanced pancreatic cancer between 
December, 2004 and March, 2017. During this time, 
patients underwent treatment for their pancreatic cancer 
as per the physician’s choice. Only patients with available 
information regarding demographics, cancer staging, 
clinical course and follow-up were included. Patients with 
pancreatic neuroendocrine tumors were excluded. To 
eliminate selection bias, the study aimed at including all 
newly diagnosed advanced pancreatic cancers during the 
specified time frame in order to achieve a representative 
cross-section of this study population.

Measures and outcomes

Clinical and pathological data were extracted from 
the electronic medical record, which included patient 
demographics, Eastern Cooperative Oncology Group 
(ECOG) PS, pancreatic cancer stage, sites of primary and 
visceral metastatic disease as well as the chemotherapy 

regimens received by the patients. The study identified 
the number of patients who developed SM secondary 
to pancreatic cancer defined by imaging evidence of 
metastatic disease by computerized tomography (CT)/
fluorodeoxyglucose positron emission tomography (FDG-
PET)/magnetic resonance imaging (MRI). Predictor 
variables such as time of onset of SM with respect to 
initial diagnosis of advanced pancreatic cancer, clinical 
characteristics like sites of skeletal metastatic lesions and 
pathological characteristics such as osteolytic/osteoblastic 
SM were collected. The study included information 
regarding complications such as pain and pathological 
fracture secondary to SM as well as dates of death or last 
follow-up. Confounding variables like ECOG PS, grade of 
toxicity from chemotherapy as per Common Terminology 
Criteria for Adverse Events (CTCAE) grading and tumor 
burden in terms of other sites of visceral metastatic disease 
sites were also collected. 

Follow-up

The patients were followed in the gastrointestinal oncology 
outpatient clinic at the cancer center. The patients had a 
median follow-up of 11 months (range, 0.1–146 months) 
and the data was locked in January, 2018 when the analysis 
was performed. The data was collected by a single individual 
in a comparable manner to minimize measurement error. 
Patient confidentiality was maintained by de-identification, 
data storage in a password protected server, and access 
restricted only to the study investigators.

Statistical analysis

As determined by the study period, a fixed available 
sample size was used. Characteristics of the whole cohort 
and patients with SM were presented as median and 
interquartile ranges for continuous variables. Associations of 
ECOG PS with SM incidence was performed, and Fisher’s 
exact test was used. Survival analysis was performed using 
Kaplan-Meier method and log-rank test was used to test the 
overall survival between the two groups. Patients who were 
alive were censored at the time of last follow-up for survival. 
Patients who had missing information due to no follow-
up were excluded from the study and analysis. Univariable 
Cox proportional hazards model was used to assess OS by 
SM status. Statistical significance was defined as two tailed 
P<0.05 for all tests. 
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Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Review Board at Banner 
MD Anderson Cancer Center. (Project # 14-15-0094) and 
individual consent for this retrospective analysis was waived.

Results

There were a total of 207 patients diagnosed with advanced 
stage PDAC, planned to receive palliative chemotherapy. 
These patients were followed in the outpatient clinic and 
patients with sufficient information for all data points were 
included in the study. The median age for the overall cohort 
was 66 years at the time of initial PDAC diagnosis (range, 
53–92 years). The study included an equal distribution of 
males—103 out of 207 (49.8%) and females—104 out of 
207 (50.2%). The primary tumor was located in the head/
neck of the pancreas in 124 patients (59.9%), body/tail in 
78 patients (37.7%) and had an occult primary in 5 patients 
(2.4%). About 74 out of 207 patients (35.7%) had metastatic 
cancer at initial diagnosis. The median number of other 
sites of metastatic lesions was 1 (range, 0–4) in the whole 
cohort with the most common sites being liver (24.6%), 
lung (7.7%), and peritoneum (7.2%). The median number 
of lines of treatment was 1 (range, 0–6) for the whole 
cohort. There were 50 patients who received gemcitabine 
only, 113 patients received multiple lines of therapy, 42 

patients were unable to get chemotherapy or received 
palliative radiation alone, and the study did not have access 
to previous treatment history for two patients. 

The patients had a median follow-up of 11 months 
(range, 0.1–146 months) after which the survival analysis 
was performed. Out of these 207 patients, 19 (9.2%) were 
found to have metastatic lesions in the skeletal system. 
This included 12 out of 19 patients (63.2%) who were 
males. Patients received a median number of 2 treatment 
lines (range, 0–4). The primary tumor was located in the 
pancreatic body/tail in 12 out of the 19 patients (63.2%) 
who had SM. The disease was locally advanced in 4 out of 
19 patients (21%) with 79% being metastatic at the time 
of initial diagnosis. The number of metastatic lesions at 
different sites of SM in decreasing order of incidence were 
thoracic vertebrae in 10 patients, lumbar vertebrae in 6 
patients, ribs in 6 patients, pelvis in 5 patients, sacrum in 
4 patients, scapula in 3 patients, acetabulum in 2 patients, 
cervical vertebrae in 2 patients, femoral head in 2 patients, 
sternum in 1 patient and humeral head in 1 patient.  
Figure 1 shows a CT scan demonstrating both osteoblastic 
and osteolytic skeletal mestastases. Other common sites of 
synchronous or metachronous visceral metastatic lesions in 
these patients with SM were the liver in 13 patients, lung 
in 7 patients, peritoneum in 2 patients, non-regional lymph 
nodes in 2 patients, spleen in 1 patient, pericardium in 1 
patient, and abdominal wall in 1 patient. Table 1 outlines 
the patients’ demographic and clinical characteristics of the 
whole cohort as well as the patients who developed SM.

Figure 1 CT scan in bone window. (A) Coronal chest section with osteoblastic skeletal metastases (arrows); (B) coronal abdomen & pelvis 
section with osteolytic skeletal metastases (arrows). CT, computed tomography.

A B
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Most of the skeletal lesions were osteolytic (12 out of 
19, or 63.2%) with a median time of diagnosis of SM from 
initial diagnosis being 2 months (range, 0–60 months). 
SM were present at the time of diagnosis in 8 out of 19 
patients (42.1%) whereas in 11 out of 19 patients (57.9%) 
they developed during the course of the treatment. Out 
of these 19 patients with SM, 13 were discovered by CT 
(68.4%), 4 were discovered by FDG-PET (21.1%) and 
2 were discovered by MRI (10.5%). SM were identified 
incidentally when imaging was done for re-staging and 
further treatment planning in 11 patients (57.9%), while 3 
patients were diagnosed on imaging after presenting with 
SM related pain (15.8%) and 5 patients were diagnosed 
after imaging was performed for nonspecific complaints 
like abdominal pain or dyspnea (26.3%). Bone pain was 
observed as the initial symptom in 7 out of 19 patients 
(36.8%). Other complications were seen in 3 patients, where 
2 out of 19 (10.5%) had a pathological fracture and 1 out 

of 19 (5.3%) had a para-spinal mass secondary to a skeletal 
metastatic lesion which was causing inferior vena cava (IVC) 
compression. Out of the 19 patients, 8 received treatment 
for the skeletal lesions (42.1%)—denosumab was used in 3 
patients and palliative radiotherapy was given to the other 
5 patients. Table 2 summarizes clinical characteristics of 
patients with SM. 

Out of the 19 patients with SM, 1 patient (5.3%) had an 
ECOG PS of 0, 12 patients (63.2%) had an ECOG PS of 
1, 4 patients (21.1%) had an ECOG PS of 2 and 2 patients 
(10.5%) had an ECOG PS of 3. A poor ECOG PS was not 
statistically correlated with the incidence of SM (P=0.48), 
as shown in Table 3. The median overall survival (mOS) 
for patients with SM was 11 months (range, 0–62 months). 
The median survival from onset of SM was 4 months 
(range, 0–14 months), shown in Table 4. The mOS of 
patients without SM was 12 months (range, 0–147 months). 
Survival analysis by a Kaplan-Meier curve and fitted cox 

Table 1 Characteristics of the whole cohort and patients with skeletal metastases (SM)

Characteristics
Patients with skeletal  
metastases (n=19)

Whole cohort  (n=207)

Age (years), median [range] 65.5 [53–91] 66 [53–92]

Females, n (%) 7 (36.8) 104 (50.2)

Primary tumor in pancreatic body/tail, n (%) 12 (63.2) 78 (37.7)

Metastatic cancer at initial diagnosis, n (%) 13 (68.4) 74 (35.7)

Median number of other metastatic sites, median [range] 1 [0–4] 1 [0–4]

Most common other metastatic sites Liver (68.4%), lung (36.8%) Liver (24.6%), lung (7.7%), peritoneum (7.2%)

Median number of lines of treatment, median [range] 2 [0–4] 1 [0–6] (2 patients with unknown treatment history)

Table 2 Characteristics of patients with skeletal metastases (SM)

Characteristics Value (N=19)

Most common site of metastases, [n] Thoracic vertebrae [10], lumbar vertebrae [6]

Number of other metastatic sites, median [range] 1 [0–4]

Most common other metastatic sites, [n] Liver [13], lung [7]

Osteolytic lesions, n (%) 12 (63.2)

Bone pain as initial symptom, n (%) 7 (36.8)

Pathological fracture, n (%) 2 (10.5)

Para-spinal mass causing inferior vena cava obstruction, n (%) 1 (5.3)

Median time of diagnosis of SM from initial diagnosis (months), median [range] 2 [0–60]

Treatment of SM, [n] Radiation [5], denosumab [3]
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proportional hazards ratio did not show a statistically 
significant difference between the overall survival in 
patients with and without SM [hazard ratio (HR) 1.24, 95% 
confidence interval (CI): 0.66–2.30, P=0.51) (Figure 2 and 
Table 5). 

Discussion

SM pose a considerable risk of complications such as 
immobilization, loss of independence, and reduced quality 
of life in patients with metastatic malignancies (12). In 
addition, pain from the bone metastases is a cause of 
impaired PS and psychological distress among cancer 
patients (18). These might also result in further sequelae 
such as pathological fractures, hypercalcemia and organ 
compression. This is particularly complicated by the fact 

that symptomatic presentation might be mistakenly thought 
to be a result of the underlying primary malignancy (e.g., 
back pain) or might be accompanied by other non-specific 
complaints. Early diagnosis of SM in such patients is of 
paramount importance towards reducing morbidity through 
early and effective interventions (19). 

As per the data in our study, the incidence of SM in 
patients with advanced PDAC has increased from the 
incidence previously reported in literature of less than 2% 
to 9.1% in this study. A majority of the patients (68.4%) 
in this study had an ECOG PS of 0 or 1. Thus, the 
occurrence of SM did not seem to correlate with a poor PS. 
The primary tumor location being in the body/tail of the 
pancreas in 12 out of the 19 patients (63.2%) and the most 
common sites of SM being the thoracic vertebrae followed 
by the lumbar vertebrae and pelvis were in concurrence 
with the reports in the literature. The predominant nature 
of SM lesions associated with PDAC being of osteolytic 
or osteoblastic nature has been variable in different studies 
(9,20). The data from this study shows that 63.2% of the 
SM lesions were osteolytic. Out of the 19 patients with 
SM, 8 patients (42.1%) were found to have SM at the 
time of diagnosis, whereas 11 patients (57.9%) were found 
to develop SM at some point during the course of their 
disease and treatment. The time of SM diagnosis from the 
initial diagnosis of cancer also varied from 0 to 60 months. 
The SM resulted in considerate morbidity as symptomatic 
disease was present in 7 out of the 19 patients (36.8%) with 
2 experiencing complications of a pathological fracture and 
1 patient who was found to have IVC compression from a 
SM-related para-spinal mass. 

Table 3 Correlation of ECOG performance status with skeletal metastases

Variables ECOG =0 ECOG =1 ECOG =2 ECOG =3 P value

Number of patients with no skeletal metastases (N=186) (for 2 patients 
PS information was not available), n (%)

34 (18.3) 106 (57.0) 35 (18.8) 11 (5.9) 0.48

Number of patients with skeletal metastases (N=19), n (%) 1 (5.3) 12 (63.2) 4 (21.1) 2 (10.5)

ECOG, Eastern Cooperative Oncology Group; PS, performance status. 

Table 4 Overall survival in sub-groups of patients with skeletal metastases

Skeletal metastases status Median overall survival (months) [range]

Patients with skeletal metastases 11 [0–62]

Patients without skeletal metastases 12 [0–147]

Survival from onset of skeletal metastases 4 [0–14]

Figure 2 Estimated OS (years) in patients with and without 
skeletal metastases. OS, overall survival; Mets, metastases.
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There has been a lack of survival analysis in the literature 
in patients with and without SM in advanced PDAC. In this 
study, the outcomes comparing the advanced pancreatic 
cancer patients with and without SM were analyzed; 
however, there was no statistically significant OS difference 
between the two groups, indicating that the patients having 
SM might not have poorer outcomes than those without 
them. 

FDG-PET and CT appear to have a complementary 
role in the detection of distant metastases in patients 
with pancreatic cancer. As per a study of 16 patients with 
metastatic pancreatic adenocarcinoma, FDG-PET correctly 
identified 8 metastatic sites in 7 patients, including bone 
metastases which were missed on CT imaging. Based on 
the results of whole body FDG-PET, the clinical stage 
was changed in 5 out of 42 patients (11.9%) (21). As per 
this study, no imaging modality appears to have a superior 
detection rate; however, when used in conjunction, the 
rates of detection may be much higher (21). In this study, 
a majority of the SM were diagnosed with a CT scan (13 
out of 19 patients, 68.4%). The intent of most of these CTs 
was to stage or re-stage the PDAC and to decide on further 
treatment strategy (11 out of 19 patients with SM, 57.9%). 
Only a few patients were symptomatic at the time of 
diagnosis, with 3 patients having SM related bone pain and 
5 patients having nonspecific complaints that led to imaging 
and diagnosis of SM. Furthermore, it is also thought that 
serial measurement of C-telopeptide could enhance early 
detection of asymptomatic SM, but further validation is 
needed before we could use this as a screening or diagnostic 
tool (13). 

The benefit of therapies for SM such as bisphosphonates, 
denosumab and palliative radiation should be evaluated on a 
case-by-case basis. These would likely benefit those patients 
who have symptoms from SM. They may also benefit 
patients with better PS, locally advanced vs. metastatic 
disease at the time of diagnosis of SM, and may possibly 
contribute to prolonged overall survival.

An important limitation of this study is the existing 
medical surveillance bias. Only patients with available 
follow-up information regarding the study variables were 

included in the study. Thus, there is a proportion of patients 
who were possibly lost due to lack of follow-up, refused 
imaging, etc. who were not included in the study and could 
impact the incidence rate of SM in the patient population. 
Since the data was collected retrospectively, the reporting of 
patient-related complaints had minimal interviewer bias. 

As per the results of this study, it is evident that the 
incidence of SM, both symptomatic and asymptomatic, 
in patients with advanced PDAC is increased from the 
previously established 2% in literature (12). There is no 
published evidence studying survival outcomes of these 
patients; as per this study, we found no overall survival 
difference but SM still pose a risk of increased morbidity 
due to the related complications. Thus, it raises an 
important question of devising a planned imaging strategy 
for SM screening in patients with advanced PDAC. This 
will facilitate early detection of SM and their management 
to decrease the complications and morbidity associated 
with them. This study forms the ground work for future 
studies which can be done at a multi-institutional platform, 
including a larger number of patients and provide 
corroborative evidence to these findings. There is also a 
need to address the question of needing dedicated skeletal 
imaging such as bone scan or PET scan in a subset of 
advanced pancreatic cancer patients who seem to be at 
higher risk to develop SM. As per this study, the increase 
in the incidence of SM is small but was seen predominantly 
in males, patients with primary tumor in pancreatic body/
tail, those diagnosed with metastatic cancer at initial 
presentation with liver and lung metastatic lesions, and 
those who have received more than one line of therapy. 
The range of patients included in this study was broad—
men and women from 53 to 92 years were included, and 
most of the patients received standard of care treatments. 
The results of the study can be applied to other settings 
of pancreatic cancer patients, as we included a cohort of 
patients which is a good representation of the general 
pancreatic cancer population in terms of age, sex, severity 
of disease and treatments. Impact of other factors like 
ethnicity, comorbidities, and genetic differences in patients 
from other countries need to be studied. 

Table 5 Fitted cox proportional hazards ratio for OS by skeletal metastases status

Group Hazard ratio 95% CI P value

Skeletal metastases vs. no skeletal metastases 1.24 0.66–2.30 0.51

OS, overall survival; CI, confidence interval. 
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Conclusions

The incidence of SM in this study was 9.1%, which is an 
increase from the less than 2% reported in prior literature. 
Thoracic and lumbar vertebrae are the most common 
sites and pathological fractures in these sites can be 
catastrophic. The data did not demonstrate a difference in 
survival in patients with and without SM. However, careful 
clinical evaluation of skeletal signs and symptoms and 
radiological evaluation for early detection and intervention 
are imperative to prevent morbidity and mortality from 
potential catastrophic complications related to SM. This 
study establishes the groundwork for future, larger sized 
studies to analyze the role of dedicated skeletal imaging in 
a subset of advanced pancreatic cancer patients. There is a 
need to further study these risk factors such as male gender, 
primary tumor in pancreatic body/tail, metastatic cancer at 
initial presentation, the presence of liver and lung metastatic 
lesions, and those who have received more than one line of 
therapy to identify which patients may be at a higher risk to 
develop SM and its related complications.
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