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Abstract
Background: Bone metastases are common in hepatocellular carcinoma (HCC), but their incidence, morbidity, and mortality are not well 
defined. Methods: The Memorial Sloan Kettering Cancer Center database was queried for all patients with HCC and metastases seen from 
2002 to 2014. The prevalence of bone metastasis was determined and cumulative incidence function was used to estimate the probability 
of developing a bone metastasis. Regression models were created to identify risk factors for osseous metastasis. The frequency of skeletal-
related events (SREs), defined as pathologic fracture, spinal cord compression, need for radiation therapy to bone, and/or surgical resection 
of bone, was determined and cumulative incidence function was used to estimate the probability of SRE development. Regression models 
were created to identify SRE risk factors. Correlation of clinicopathologic parameters, including bone metastases and SREs, with overall 
survival was analyzed using Kaplan-Meier methodology. Results: A total of 459 patients with HCC and extrahepatic metastases were identi-
fied; 151 patients (32.9%) had or developed bone metastases: 128 (27.9%) as a primary site and 23 (4.6%) as a secondary site of extrahe-
patic disease. Among the 331 patients without bone metastasis at presentation, the yearly incidence of bone metastasis was 6.4% (95% 
CI, 3.6%–9.2%). Hepatitis B virus (HBV) infection increased the chance of developing a bone metastasis (P=.02). The cumulative incidence 
of SREs was 50% at 6 months. Univariate analysis showed that patients with HBV-related HCC had a significantly higher incidence of SREs 
(P=.02). Sorafenib and bisphosphonates each protected against SREs. The presence of SREs was independently associated with a worse 
overall survival (hazard ratio, 2.13; 95% CI, 1.52–2.97; P<.01) in the multivariable model. Conclusions: Patients with AJCC stage IV HCC and 
bone metastases that are clinically evident on routine radiography or on clinical examination at presentation are apt to develop frequent, 
morbid, and mortal SREs, whereas those without evident bone metastasis at presentation are unlikely to develop these complications. 
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Bone metastases are common in hepatocellular carci-
noma (HCC), occurring in 25.5% to 38.5% of patients 
with extrahepatic disease.1–5 As such, major practice 
guidelines, including those of NCCN, acknowledge the 
need to evaluate for HCC bone metastases,6–8 although 
they are often vague regarding the clinical course and 
treatment recommendations for patients with this 
complication. Furthermore, guidelines for the optimal 
method, frequency, and patient population to screen for 
bone metastasis are in flux; currently, screening is rec-
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ommended in symptomatic patients6 and mandated as 
part of the evaluation for transplant candidates.7 Due 
to concerns regarding the utility and cost-effectiveness 
of screening in transplant candidates,9 guidelines for 
pretransplant screening for osseous spread are likely to 
be relaxed in the future. Given the uncertainty in deal-
ing with HCC bone metastasis, and because few stud-
ies have explored its clinical impact,10 we conducted a 
single-institution retrospective review of patients with 
HCC and extrahepatic metastases to better understand 
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bone metastasis and to develop potential recom-
mendations for screening and management in this 
population. 

Methods
Study Design 
The Memorial Sloan Kettering Cancer Center 
(MSKCC) database was queried for all patients with 
HCC with extrahepatic spread diagnosed by pathol-
ogy review or established imaging criteria between 
2002 and 2014. The study was approved by the 
MSKCC Institutional Review Board and Privacy 
Board. Through retrospective chart review, we ex-
tracted demographic information (age, sex, race), 
HCC etiologic factors (eg, hepatitis B virus [HBV] 
infection, hepatitis C virus [HCV] infection, alco-
holic liver disease, nonalcoholic steatohepatitis 
[NASH]), liver functionality (Child-Pugh score), 
HCC characteristics (stage based on AJCC 7th Edi-
tion) at initial presentation, time and sites of first 
metastatic disease, α-fetoprotein (AFP) levels at the 
time of extrahepatic disease, and duration from first 
metastatic disease to death. Bone metastases were 
identified by at least one imaging modality. We re-
corded the initial sites and time of bone metastasis, 
symptoms related to bone metastasis, initial serum 
calcium and alkaline phosphatase (ALP) levels, and 
type of and time to skeletal-related events (SREs), 
defined as a pathologic fracture, spinal cord compres-
sion, and need for radiation and/or surgery to bone.11 
All types and duration of treatment, including ra-
diation, surgical resection, bisphosphonates, and 
sorafenib, and the number of SREs per patient were 
also recorded. 

Statistical Analysis 
Descriptive statistics were used to tabulate patient 
demographics and determine the prevalence of bone 
metastasis in the cohort. In patients without bone 
metastases as a first site of extrahepatic disease, cu-
mulative incidence function was used to estimate 
the probability of developing a bone metastasis. Pa-
tients who died without developing an event of in-
terest were treated as competing events. Gray’s test 
was used to compare the cumulative incidence func-
tions by covariates of interest including age, sex, race, 
treatment era, HCC etiologic risk factor, Child-Pugh 
score, AFP level, and median calcium and ALP lev-

els. Among patients who presented with bone metas-
tasis as a first site of extrahepatic disease, cumulative 
incidence function was used to estimate the probabil-
ity of developing an SRE, and Gray’s test was used 
to explore the impact of the covariates of interest on 
SRE development. The effects of bisphosphonates 
and sorafenib on SREs were also explored; however, 
because their effect occurs during administration, and 
the timing of administration varied among patients, a 
time-dependent covariate was generated in the com-
peting risk regression model. Covariate differences 
between bone metastases were tested using Wilcoxon 
rank sum test for continuous and chi-square test for 
categorical variables. Overall survival (OS) was cal-
culated from the date of initial metastasis of any type 
to the date of death, and estimated using Kaplan-
Meier methods or last follow-up. A Cox proportional 
hazards model was used to evaluate the association 
between various clinical factors and OS. The model 
was stratified by year of treatment (2002–2007 vs 
2008–2014) to account for subpopulation differ-
ences, specifically the approval of sorafenib for HCC. 
The final multivariable model included clinical and 
pathologic variables that, in univariate analyses, were 
correlated with OS with a P value of ≤0.2. SRE was 
treated as a time-dependent covariate in the univari-
ate and multivariate analyses.

All P values were based on 2-tailed statistical 
analysis, and P<.05 was considered to indicate statis-
tical significance. All analyses were performed with 
SAS 9.3 (SAS Institute, Cary, NC) and R version 
3.0.1 (R Foundation for Statistical Computing, Vi-
enna, Austria).

Results
Patient Characteristics and Prevalence of  
Bone Metastases 
From 2002 to 2014, a total of 640 patients with HCC 
were identified through a query of the MSKCC in-
stitutional database; 181 were excluded due to incor-
rect coding of HCC or the absence of extrahepatic 
disease. The final data set included 459 patients with 
HCC and extrahepatic disease; 198 presented with 
extrahepatic disease, whereas 261 (57%) had recur-
rent or progressive disease. A total of 151 of 459 
patients (32.9%) presented with or developed bone 
metastasis and 128 (27.9%) had bone metastasis as 
a first site of extrahepatic disease (ie, bone metasta-
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ses must have been a first extrahepatic site, but were 
not necessarily the only site of extrahepatic disease), 
whereas 23 (4.6%) developed bone metastases dur-
ing the disease course (Table 1). Clinical variables 
were not appreciably different between patients pre-
senting with or who developed a bone metastases 
(N=151) versus those without bone lesions (N=308). 
Among patients presenting with or who developed 
bone metastases, 85% were male, with a mean age 
of 64 years (SD, 12). Tumor etiology included 56 
(37.1%) HCV-related, 41 (27.1%) HBV-related, 26 
(17.2%) alcohol-related, 10 (6.6%) NASH-related, 
and 30 (19.9%) of other or unknown etiologies, and 
55% of patients had Child-Pugh A liver function. 
Other factors, including treatment era, median AFP 
level, and race, are reported in Table 1. 

Characteristics of Bone Metastases 
For patients who presented with bone metastases 
(N=128), these lesions occurred predominately in 

the axial skeleton (87%) and were symptomatic in 
78 patients (61%) (Table 2). The median plasma 
ALP level was 150 U/L (range, 57–1,719 U/L) and 
the median calcium level was 9.2 mg/dL (range, 
7.4–14.1 mg/dL). Hypercalcemia was rare, occur-
ring in only 3 of 128 patients (2.3%), represented by 
calcium levels of 11.1 to 14.1 mg/dL. Most patients 
(56.3%) developed an SRE. These clinical variables 
were not appreciably different from those in patients 
who went on to develop a bone metastasis (N=23).   

Incidence of Bone Metastases 
Among the 23 patients who developed bone metasta-
ses during the course of follow-up, 20 had symptoms 
that prompted imaging, whereas 3 had incidentally 
found lesions. The cumulative incidence of metas-
tasis at 1 year after initial diagnosis of extrahepatic 
disease was 6.4% (95% CI, 3.6%–9.2%; Figure 1A). 
In univariate analysis, race and HBV status increased 
the likelihood of developing skeletal metastasis. The 

Table 1. Patient Characteristics (N=459)
HCC With Extrahepatic Disease 

Without Bone Metastases
(N=308)

HCC With Extrahepatic Disease With 
Bone Metastases at Presentation

(N=128)

Extrahepatic Disease With Bone 
Metastases Development

(N=23)

Mean age, y (SD) 64 (13) 65 (12) 59 (11)

Sex, n (%)

Female 67 (21.8) 19 (14.8) 4 (17.4)

Race, n (%)

Asian 45 (14.6) 21 (16.4) 7 (30.4)

Non-Asian 257 (83.4) 102 (79.7) 16 (69.6)

Unknown/Missing 6 (1.9) 5  (3.9) 0 (0)

Etiology, n (%)a

HCV 95 (30.8) 48 (37.5) 8 (34.8)

HBV 78 (25.3) 30 (23.4) 11 (47.8)

Alcohol-related 82 (23.5) 21 (16.3) 5 (21.7)

NASH 24 (7.8) 8 (6.3) 2 (8.7)

Other 25 (8.1) 28 (21.8) 2 (8.7)

Child-Pugh, n (%)

A 147 (47.7) 71 (55.5) 12 (52.2)

B 95 (30.8) 31 (24.2) 6 (26.1)

C 13 (2.8) 0 (0) 0 (0)

Missing/Unknown 53 (17.2) 26 (20.3) 5 (21.7)

AFP, median (range), ng/mL 440 (1.3–1,023,000) 228.9 (0–508,070) 481.2 (1.6–162,127)

Treatment period, n (%)

2002–2007 124 (40.3) 48 (37.5) 7 (30.4)

2008–2014 184 (59.7) 80 (62.5) 16 (69.5)

Abbreviation: AFP, α-fetoprotein; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis.
aDue to co-occurrence of etiologies, percentages may not add up to 100%.
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cumulative incidences at 1 year between non-Asian 
and Asian patients were 5.8% (95% CI, 2.8%–8.7%) 
versus 10.8% (95% CI, 1.6%–19.2%), respectively 
(P=.07; Figure 1B). The cumulative incidence at 
1 year was 11.4% (95% CI, 4.3%–18.6%) for pa-
tients with HBV infection versus 4.6% (95% CI, 
1.8%–7.4%) for those without (P=.02; Figure 1C). 
Asian patients were significantly more likely to have 
a confirmed HBV infection than non-Asian patients 
(80% vs 17%; P<.01). No other disease-specific fac-
tors modulated the chance of developing osseous 
disease. Osseous disease was rarely observed >1 year 
after the diagnosis of extrahepatic disease, likely due 
to the expected survival of patients with HCC and 
known metastases.   

Incidence of SREs
We evaluated the 128 patients who presented with 
bone metastasis to assess for proportion, type, and 
frequency of SREs (Table 2). Median follow-up from 
the time of SRE was 4.3 months (range, 0.03–38.6 

months). A total of 72 patients (56.3%) had at least 
one SRE after diagnosis of bone metastasis, with a 
median time to first SRE of 0.8 months (range, 0.03–
21.0 months). The first SREs included 35 irradiated 
bone lesions, 20 pathologic fractures (9 vertebral, 5 
rib, 4 femoral, and 2 pelvic bones), 10 spinal cord 
compressions, and 7 surgeries to bone. The median 

Table 2. �Description of Patients With Extrahepatic 
HCC With Bone Metastasis (N=151)

Bone Metastases at 
Presentation

(N=128)

Bone Metastases
Development

(N=23)

Location, n (%)

Axial 111 (86.7) 20 (87)

Appendicular 9 (7.0) 3 (13)

Both 8 (6.2) 0 (0)

Symptomatic, n (%)

Yes 78 (60.9) 20 (87)

No 30 (23.4) 3 (13)

Unknown 20 (15.6) 0 (0)

ALP, median (range), U/L 150 (57–1,719) 151 (49–493)

Calcium, median 
(range), mg/dL

9.2 (7.4–14.1) 9.2 (8.1–10.8)

SRE type, n (%)

None 56 (43.7) 9 (39.1)

Cord compression 10 (7.8) 2 (8.7)

Fracturea 20 (15.6) 4 (21.2)

Radiationa 35 (27.3) 7 (30.4)

Surgery 7 (5.4) 1 (4.3)

Total number of SREs, 
median (range)

2 (1–7) 1 (1–4)

Abbreviation: ALP, alkaline phosphatase; HBV, hepatitis B virus; HCC, 
hepatocellular carcinoma; HCV, hepatitis C virus; NASH, nonalcoholic 
steatohepatitis; SREs, skeletal-related events.
a1 fracture and 3 radiation SREs were excluded from cumulative 
incidence analysis because the dates of these events were unknown.       
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Figure 1. Incidence of bone metastasis in patients with extrahepatic 
hepatocellular carcinoma (HCC). The cumulative incidence over time 
(months) to the development of HCC skeletal metastasis, with death as 
a competing risk factor, in (A) patients with extrahepatic disease, (B) 
non-Asians versus Asians, and (C) hepatitis B virus (HBV) versus not. 

A
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number of SREs per patient was 2 (range, 1–7). The 
first SREs occurred rapidly after the identification of 
osseous disease, with 1-, 3-, and 6-month cumulative 
incidences of 30% (95% CI, 22%–38%), 43% (95% 
CI, 35%–52%), and 50% (95% CI, 41%–59%), re-
spectively (Figure 2A). Among the 72 patients who 
had an SRE, we observed that 41 had a second SRE, 
with a median time to this event of 0.9 months. Be-
fore the second SRE, 13 patients had prior radiation 

to bone, 9 received bisphosphonates, and 15 received 
sorafenib.

Correlation of Clinicopathologic Parameters  
and SREs 
A greater incidence of SREs was associated with 
race (Figure 2B; 66% vs 47% for Asian vs non-
Asian incidence of SRE at 6 months, respectively; 
P=.01) and HBV positivity (Figure 2C; 58% vs 46% 
for HBV positivity vs not, respectively; P=.02). The 
unadjusted hazard ratios (HRs) for bisphosphonates 
and sorafenib therapy were 0.3 (0.13–0.64; P<.01) 
and 0.4 (0.19–0.77; P<.02), respectively. No other 
disease-specific factors modulated the chance of de-
veloping SREs.  

Bone Metastasis, SREs, and Patient Outcome 
Median follow-up for the entire cohort was 6 months 
(range, 0.03–72 months). At last assessment, 89 of 
459 patients were alive. Median survival for the 
cohort was 5.6 months (95% CI, 4.6–6.9). Factors 
significantly associated with OS on univariate analy-
sis were age, AFP level, NASH-associated HCC, 
Child-Pugh score, and SREs (Table 3). As previ-
ously shown, high AFP levels in patients with HCC 
and extrahepatic disease portends a poor prognosis 
(HR, 1.9; 95% CI, 1.5–2.4; P<.01). Consistent with 
emerging data, NASH appeared to be a positive prog-
nostic factor (HR, 0.60; 95% CI, 0.39–0.92).12 Liver 
function was a negative prognostic factor (Child-
Pugh B7: HR, 2.22; 95% CI, 1.66–2.97; Child-Pugh 
B8 and 9: HR, 2.34; 95% CI, 1.71–3.20; and Child-
Pugh C: HR, 1.73; 95% CI, 0.93–3.20; P<.01). The 
presence or absence of bone metastasis at presenta-
tion of extrahepatic disease had no impact on OS; 
however, SREs were associated with worse OS (HR, 
1.5; 1.16–2.05; P<.01). Multivariate analysis con-
firmed that AFP levels, Child-Pugh score, and SREs 
were independently associated with a poor outcome 
in patients with extrahepatic HCC, with SREs hav-
ing an HR of 2.13 (95% CI, 1.52–2.97; P<.01). 

Discussion 
The present study is one of the largest single-cen-
ter series of HCC-associated bone metastases. We 
identified and confirmed that HCC bone metasta-
ses are relatively common; most patients with bone 
metastases (85%) will present with such lesions as 
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Figure 2. Incidence of skeletal-related events (SREs) in patients with 
hepatocellular carcinoma osseous metastasis. The cumulative incidence 
over time (months) to the development of SREs, with death as a 
competing risk factor, in (A) all patients with bone metastasis, (B) non-
Asians versus Asians, and (C) hepatitis B virus (HBV) versus not. 
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a primary extrahepatic site of disease. In patients 
with extrahepatic disease who do not have skeletal 
disease at presentation, the incidence of bone me-
tastasis development is low, and when it does arise, 
it is often symptomatic and unlikely to occur after 
the first year of follow-up. Among patients with os-
seous disease as an initial extrahepatic manifestation 
of HCC, most will rapidly develop SREs, particularly 
those of Asian descent and with HBV-associated 
HCC. Sorafenib and bisphosphonate treatment may 
be protective against SREs. Although bone metas-
tases do not portend a worse outcome, SREs are an 
independent prognostic factor associated with poor 
OS. These findings imply a unique biology of HCC 
osseous lesions. 

There are several limitations to our study, name-
ly that the single-center retrospective design intro-

Table 3. Overall Mortality in Patients Diagnosed With Extrahepatic Metastasis (N=459)a

Characteristics

Univariate Multivariate

HR (95% CI) P Value HR (95% CI) P Value

Ageb 1.1 (0.98–1.25) .09 1.1 (0.94–1.28) .22

Bone metastasis at presentation  .76

Yes 1.04 (0.82–1.30)

No 1.00

Sex, n (%) .16 .68

Male 1.21 (0.92–1.58) 1.07 (0.77–1.48)

Female 1.00

Race, n (%) .053 .12

Asian 0.75 (0.56–1.004) 0.76 (0.54–1.07)

Non-Asian 1.00

AFP, ng/mL <.01 <.01

>360.50 1.9 (1.5–2.4) 1.8 (1.43–2.42)

≤360.50 1.00

Etiology, n (%) 

HBV 0.92 (0.73–1.17) .53

HCV 1.14 (0.91–1.41) .24

Alcohol-related 1.02 (0.79–1.29) .90

NASH 0.60 (0.39–0.92) .01 0.9 (0.53–1.58) .76

Child-Pugh, n (%) <.01 <.01

A 1.00 1.00

B7 2.22 (1.66–2.97) 2.05 (1.49–2.81)

B8/B9 2.34 (1.71–3.20) 2.42 (1.68–3.48)

C 1.73 (0.93–3.20) 2.58 (1.32–5.03)

Presence of SREsc 1.54 (1.16–2.05) <.01 2.13 (1.52–2.97) <.01

Abbreviations: AFP, α-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; NASH, nonalcoholic steatohepatitis; SREs, 
skeletal-related events.
aAnalyses were stratified by treatment period (2002–2007 vs 2008–2014). 
bPer 15 year increase in age. 
cPresence of SRE was treated as a time-dependent variable in the Cox proportional hazards model.

duces referral and ascertainment bias. Furthermore, 
although the data suggest that screening for bone 
metastases at earlier stages may be needed, the op-
timal patient population to screen, modality, and 
frequency of screening are currently unclear. Re-
garding treatment, because bisphosphonates and 
sorafenib were treated as time-dependent covariates, 
we could not interrogate the individual contribution 
of each therapy to SRE outcome; it is possible that 
the sorafenib treatment effect was the main driver 
of benefit. Finally, tissue-specific correlates were not 
explored in this cohort analysis but are needed in the 
future. 

From a clinical perspective, our work supports 
the observation that SREs are morbid events that di-
minish quality of life and increase the economic bur-
den and healthcare utilization costs.13,14 Impressively, 
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>50% of patients who presented with osseous metas-
tases went on to develop an SRE within 6 months of 
their detection. As observed in other solids tumors 
but not previously in HCC, SREs are independently 
associated with poor survival in advanced HCC after 
adjusting for other potential confounders.15–17 Dimin-
ished survival is not unexpected—SREs worsen per-
formance status, impair access or interrupt systemic 
therapy, and may require operative management or 
radiotherapy and/or lead to spinal cord compression. 
Importantly, metastases to the spine, but not other 
sites, have been associated with a decrease in OS in 
patients with HCC.10 

Given the high frequency of SREs in advanced 
HCC and their deleterious effect on survival, a 
screening and treatment approach should be delin-
eated for bone metastases in patients with HCC. To 
date, there are limited screening and management 
guidelines for HCC-related skeletal disease.6–8 The 
data presented herein help fill this void, support cur-
rent recommendations, and call attention to this 
important clinical problem. Based on these retro-
spective data and our literature review, we provide 
our institutional recommendations to guide clinical 
practice for patients with HCC and bone metasta-
ses. Perhaps the most powerful observation is that 
patients who present with extrahepatic disease but 
without bone lesions are unlikely to develop skel-
etal disease. This observation presumably reflects 
differential biology and short survival in the meta-
static setting. It also indicates that routine surveil-
lance after the development of extrahepatic disease, 
with bone scans or other modalities geared at assess-
ing bone lesions, will yield little benefit. Further-
more, because nearly all of such lesions are indeed 
symptomatic, a symptom-directed approach is more 
sensible and economical in this population. On the 
contrary, at the time of extrahepatic disease, most 
bone metastases are easily detectable with standard 
clinical and radiographic assessments. The critical 
question remaining is whether a screening algorithm 
should be applied to earlier stages of disease. Large 
prospective observational cohorts will be required 
to determine whether screening for bone lesions in 
high-risk, liver-limited HCC is warranted, useful, 
and cost-effective.18–20 Until such data are available, 
we do not recommend routine screening for bone le-
sions in the absence of patient-reported symptoms.   

When bone metastases are documented, a 
prompt multidisciplinary review with the applica-
tion of radiation, operative, or combined modality 
management dictated by the clinical scenario should 
ensue. Our data suggest that bisphosphonates and 
HCC-directed systemic therapy should decrease 
the risk of SRE development. Indeed, clinical trials 
of the bisphosphonate zoledronic acid21,22 and the 
RANKL inhibitor denosumab,23 which demonstrat-
ed the protective effects of bone-modifying agents 
against SREs, did not include a large proportion of 
patients with advanced HCC. Furthermore, because 
the protective effects of bisphosphates are only ob-
served with extended treatment, which exceeds 
the historic median OS of patients with HCC, one 
might question the utility of bisphosphonates in ag-
gressive tumor types with poor outcomes in general. 
Nevertheless, our data, several anecdotes, and other 
series suggest a benefit with such agents.10,24–26 In the 
absence of a formal clinical trial in HCC, the avail-
able evidence indicates that bisphosphonate therapy 
is reasonable in patients with intact hepatic function 
and bone lesions. The observation that sorafenib re-
duces the risk of SREs is consistent with its docu-
mented antitumor activity.27 One must be cautious 
of overinterpreting the protective effects of sorafenib 
on HCC-associated SREs, however, because it is pos-
sible that the observed SRE HR reduction related to 
sorafenib is driven by the relative contraindication 
of sorafenib, an antiangiogenic and radiosensitizer, 
in the setting of surgery or radiation therapy. Our 
expectation is that emerging therapies for HCC, 
including those targeting immune checkpoint mol-
ecules, would similarly prevent SREs.28 However, 
interestingly, early reports suggest that the specific 
metastatic site may predict for differential outcome 
to immunotherapy due to altered immune compe-
tence of different organs.28,29 

A predictive nomogram for patients with HCC 
at risk of developing osseous complications would be 
ideal, specifically to prevent pathologic fractures and 
improve patient outcomes. In other disease systems, 
performance status, tumor histology, and serologic 
markers are predictive of SREs.30–35 With the ex-
ception of Asian race and HBV infection, no other 
patient-specific or tumor-specific factor had any im-
pact on SRE development. The covariates of Asian 
ancestry and HBV infection represent the observed 
epidemiology of global HBV infection and are de-
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pendent variables in our analysis.36 HBV-associated 
HCC may behave more aggressively and appears to 
have worse outcomes compared with HCV-associat-
ed HCC, despite sorafenib treatment.37 It remains 
unclear whether the higher incidence of bone metas-
tases and SREs in HBV-associated HCC is indicative 
of true biologic phenomena or epiphenomena, which 
is not controlled for in the retrospective analysis.

Zheng et al38 have proposed that stromal signals 
resembling distant organ sites may select for cancer 
cells primed for metastasis in that organ. Preclinical 
and translational data demonstrate a differential ex-
pression of 67 genes between HCC primary tumors 
that ultimately metastasize to bone versus another 
site.39,40 Specifically, high-level expression of tumoral 
connective tissue growth factor, interleukin-11, and 
matrix metalloproteinase-1 from curative resected 
specimens is correlated with a higher risk of devel-
oping bone metastases.41 The clinical data reported 
herein are hypothesis-generating in that these data 
support a unique biology for HCC osseous lesions. 

That is, patients with nonosseous extrahepatic dis-
ease are very unlikely to develop bony lesions. 

Conclusions 
This study demonstrates that one-third of patients 
with HCC and extrahepatic metastasis will present 
with or develop a bone metastasis. Most of these 
patients will go on to develop morbid SREs. Such 
events are independently associated with a worse 
OS, and may be higher risk in patients with HBV 
infection, with reduced incidence in patients treated 
with bisphosphonates and sorafenib. We therefore 
recommend an aggressive clinical and radiologic as-
sessment at the time of metastatic disease diagnosis. 
In patients with metastatic disease but not to bone, 
the risk of bone metastasis is low, and therefore for-
mal radiographic screening is not required and may 
be directed by patient symptoms. Our data and the 
current literature indicate that a high prevalence of 
HCC osseous lesions in advanced disease argues for a 
deeper understanding of HCC biology. 
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