
Original article

Limited utility of routine bone scintigraphy in the staging of patients with
hepatocellular carcinoma: A cross-sectional study

Fatima Rodriguez-Alvareza,b,c, Blanca Zuleima Mota-Ayalaa, Ramiro Villavicencio-Martínezd,
Eric Kauffman-Ortegaa, Lucero Selene T�ellez-Mor�ane, Graciela Castro-Narroa,
Eleazar Ignacio-Alvarezf, Jes�us Alejandro Gabutti-Thomase, Carlos Moctezuma-Velazqueza,g,*
a Gastroenterology Department, Instituto Nacional de Ciencias M�edicas y Nutrici�on Salvador Zubir�an. Vasco de Quiroga 15, Belisario Domínguez Secc 16, Tlalpan.

Mexico City, CP 14080, Mexico
b Liver Unit, Hospital Clinic, University of Barcelona, Barcelona, Spain. Street Villarroel, 170, L’Eixample, 08036 Barcelona, Spain
c Faculty of Medicine and Health Sciences, Doctoral Program in Medicine and Translational Research, University of Barcelona, Barcelona, Spain. Street Casanova,

143, L’Eixample, 08036 Barcelona, Spain
d Surgery Department, Instituto Nacional de Ciencias M�edicas y Nutrici�on Salvador Zubir�an. Vasco de Quiroga 15, Belisario Domínguez Secc 16, Tlalpan. Mexico

City, CP 14080, Mexico
e Radiology Department, Instituto Nacional de Ciencias M�edicas y Nutrici�on Salvador Zubir�an. Vasco de Quiroga 15, Belisario Domínguez Secc 16, Tlalpan. Mexico

City, CP 14080, Mexico
f Nuclear Medicine Department, Instituto Nacional de Ciencias M�edicas y Nutrici�on Salvador Zubir�an. Vasco de Quiroga 15, Belisario Domínguez Secc 16, Tlalpan.

Mexico City, CP 14080, Mexico
g Department of Medicine - Division of Gastroenterology (Liver Unit), University of Alberta. Edmonton, Alberta, Canada. 8540 112 Street NW, Zeidler Ledcor Centre,

Room 1-20B, Edmonton, Alberta, T6G 2£8, Canada

A R T I C L E I N F O

Article History:

Received 8 February 2024

Accepted 15 July 2024

Available online 13 August 2024

A B S T R A C T

Introduction and Objectives: The most widely used staging system for hepatocellular carcinoma (HCC) is the

Barcelona Liver Clinic Cancer (BCLC) system, which considers tumor burden, performance status, and liver

function. Tumor burden is assessed with cross sectional imaging of the abdomen and chest, controversy sur-

rounds the routine use of bone scintigraphy (BS) for detecting extrahepatic metastases. This study evaluated

the role of BS in staging HCC in Mexican patients.

Patients and Methods: Retrospective cross-sectional study of all adults with HCC at a Mexican referral center

from 2000 to 2018. Staging included abdominal computed tomography (CT) or magnetic resonance imaging,

chest CT, and BS. The main outcome was the impact of BS on staging and/or therapy plans.

Results: Among 238 patients, 2 with fibrolamellar variant and 44 with incomplete data were excluded.

Median age was 66 years, 84 % had cirrhosis, and the predominant etiology was hepatitis C virus (43 %). BCLC

stages were distributed as follows: A (14 %), B (7 %), C (68 %), and D (11 %). Extrahepatic disease was present

in 18 %; only 8 % patients had a positive BS. Among the positive cases, 4 were true positives, but they did not

alter staging or therapy plans.

Conclusions: Routine BS in HCC staging demonstrated low yield, with a notable rate of false positives. Consid-

ering the implications of extrahepatic disease, BS may be justified for liver transplant candidates outside con-

ventional criteria. Our study highlights the limited role of BS in early-stage HCC and advocates for a more

selective utilization.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most common type of liver

cancer, and it is the third leading cause of cancer-related death. Its

global incidence is decreasing, mainly in Asia, but it is on the rise in

Latin America [1]. Diagnosis is usually based on imaging, without the

need for a biopsy, and staging is performed based on the Barcelona

Liver Clinic Cancer (BCLC) algorithm, which considers three aspects:

liver synthetic function, performance status, and tumor burden [2].

The tumor burden includes the size and number of lesions, as well as

the presence of vascular invasion and extrahepatic spread. The most

common sites of extrahepatic metastases are the lungs, regional

lymph nodes, and bones [3,4]. Therefore, staging is based on cross

Abbreviations: BCLC, Barcelona clinic liver cancer; BS, bone scintigraphy; CT, com-

puted tomography; HCC, hepatocellular carcinoma
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sectional imaging of the thorax and abdomen. Regarding bone scin-

tigraphy (BS), the most recent Mexican Consensus on Hepatocellular

Carcinoma recommends its routine use for staging [5], whereas the

European Society of Medical Oncology [6] and the National Compre-

hensive Cancer Network [7] recommend against its routine use (i.e.

reserve it for patients with skeletal symptoms), while the American

Association for the Study of the Liver [8] and the European Associa-

tion for the Study of the Liver [9] make no specific recommendation.

Therefore, the aim of this study was to assess the role of BS in the

staging of HCC in Mexican patients.

2. Patients and methods

This was a cross-sectional study that comprised all adult patients

with a new diagnosis of HCC assessed at a referral center in Mexico

between the years 2000 and 2018. We excluded patients without BS

or with incomplete data that would preclude adequate staging. For

the purpose of this study, HCC diagnosis was based on imaging crite-

ria on multiphase computed tomography (CT) or magnetic resonance

image in patients with cirrhosis; a liver biopsy was required in cases

with atypical imaging features and in all patients without cirrhosis.

Imaging-based diagnosis of HCC in patients with cirrhosis was deter-

mined based on the European Association for the Study of the Liver

guidelines [9]. A liver lesion was considered HCC if it exhibited arte-

rial phase hyperenhancement and washout in the portal and/or

delayed phases. Cirrhosis was diagnosed using one or more of the fol-

lowing criteria: histological evidence, radiological findings (ultra-

sound or cross-sectional imaging showing a lobulated liver and/or

unequivocal signs of portal hypertension), or transient elastography

with a liver stiffness measurement greater than 14 kPa.

Relevant data was gathered from each patient�s medical record. At

our hospital, after diagnosis, all HCC cases are staged with a cross sec-

tional study of the abdomen (either CT or magnetic resonance image),

a chest CT, and a BS. The main outcome of the study was the propor-

tion of cases in which the result of the BS modified the stage and/or

therapy plan of a patient.

2.1. Bone scintigraphy

BSs were performed 3 h after intravenous injection of 744 MBq of

Tc-99 m methyl diphosphonate. Anterior and posterior whole-body

images were acquired. In addition, single-photon emission computed

tomography (SPECT) with a dual-head gamma camera (Siemens,

Symbia T2 SPECT/CT) was acquired on a case-by-case basis in some

body regions when there was diagnostic uncertainty. Low-dose CT

imaging was used when relevant, in a targeted fashion on review of

BS findings. All studies at our center are interpreted by experienced

nuclear medicine physicians. For the purpose of this study, all BSs

that showed abnormal findings were reviewed by an experienced

nuclear radiologist (EIA), who adjudicated the findings as compatible

or not with bone metastasis based on the review of the BS and avail-

able CT, SPECT, magnetic resonance imaging, plain radiographs, and

also based on the behavior of the lesion over time. Positive BS results,

referring to any abnormal uptake that was interpreted in the original

report as compatible or suspicious for bone metastasis, were catego-

rized as true-positives when confirmed to be a bone metastasis, or

false-positives when the abnormal uptake was due to another reason.

This adjudication was done by the nuclear radiologist based on the

characteristics of the abnormal uptake, the presence or absence of

lesions interpreted as arthritis, osteophytes, or benign compression

fractures, and/or the clinical course of the abnormal uptake areas

over time. A lesion with a central cold defect was considered malig-

nant.

2.2. Sample size and statistical analyses

Continuous variables were reported with medians and interquar-

tile ranges, and categorical variables with absolute and relative val-

ues. We estimated a sample size of 125 patients to detect a change in

staging of 7 % of cases (i.e., proportion of cases migrating from BCLC

stage A or B to C), considering a type 1 error of 0.05, and a type 2 error

of 0.20 [10].

2.3. Ethical statements

The study protocol conforms to the ethical guidelines of the 1975

Declaration of Helsinki as reflected in a priori approval by the Ethics

Committee of hour hospital (GAS-4137-22-23-1). The need for

informed consent was waived due to its observational and retrospec-

tive nature.

3. Results

We reviewed the chart of 238 patients with diagnosis of HCC; we

excluded 2 patients who had a primary diagnosis of fibrolamellar var-

iant and 44 patients because of incomplete data (33 without BS, 7

cases where we could not retrieve their imaging studies, 2 with

incomplete laboratory results to assess liver function, and 2 due to

incomplete clinical/demographic data).

Median age of the population was 66 years (IQR 59-71), 113 were

male (59 %), 161 (84 %) had cirrhosis, and the most common etiology

of liver disease was hepatitis C virus infection in 70 (43 %) patients.

Regarding the stage of HCC, 26 (14 %), 14 (7 %), 131 (68 %), and 21

(11 %) were BCLC A, B, C, and D, respectively. The rest of the general

characteristics of the patients can be found in Table 1.

Thirty-five patients (18 %) had extrahepatic disease. Overall, only

15 (8 %) patients had a positive BS, and of these, only four were true

positives for bone metastasis. In two of these cases, the BS showed

ribcage lesions that had been missed on cross-sectional imaging, and

in the other two, the BS showed lesions in bones that are not rou-

tinely visualized when staging HCC (i.e., humerus, femur, skull). In

these four cases, the presence of bone metastasis did not change the

stage of the disease since the patients were already classified as BCLC

stage C due to the presence of extrahepatic non-bone metastases. A

false positive BS led to a bone biopsy that ruled out metastasis. Table 2

describes each of the cases with a positive BS.

4. Discussion

The most common HCC staging system is the BCLC, which consid-

ers tumor burden, performance status, and hepatic function [2]. The

recommended workup for staging includes imaging of the chest and

abdomen, but there is inconsistency amongst the international socie-

ties regarding the utility of the routine use of BS, as bone metastases

are described as the second or third most common site of extrahe-

patic disease after the lung and lymph nodes [3,4]. On its most recent

version of the HCC Consensus, the Mexican Association of Hepatology

recommends staging of HCC with BS in all patients [5] with early

HCCs undergoing a potentially curative treatment. Therefore, the aim

of this study was to assess the role of BS in the staging of HCC in Mex-

ican patients. In our study, we found that most positive BS were false

positives, and the 4 true positive BSs did not change the stage or the

therapy plan, suggesting there is no role for routinely ordering this

study. Our results are in line with those of Koneru B, et al., who stud-

ied the utility of BS in 117 patients with early-stage HCC being con-

sidered for liver transplantation. In their study, none of the BS were

positive, but 9 % were considered indeterminate, and recurrent dis-

ease after liver transplant was not different between those with nor-

mal and indeterminate BSs (5 % versus 7 %, respectively) [11].
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The proportion of patients with bone metastases in our study was

only 2 %,which is lower than the 4−24 % reported in other studies [12

−17], and this can be because we also included patients with early

stage disease. Risk factors for developing extrahepatic disease are

those representing the tumor burden (i.e. tumor size, number of nod-

ules, lymph node involvement, intrahepatic metastases, extrahepatic

non-bone metastases, and presence of vascular invasion) [4], so it is

very unlikely to have bone metastases in early HCC [11,17]. For exam-

ple, Kutaiba et al. reported 0 % of true-positive BSs in 186 patients

awaiting liver transplant [18], and Witjes et al. found bone metasta-

ses in only 2 % of 137 patients prior to HCC resection [19]. Therefore,

BS should be better reserved for patients outside conservative trans-

plant criteria (e.g. Milan) or for patients that are being considered for

downstaging, as a positive BS would have a significant impact in the

therapy plan of these patients. Symptom guided investigations are

also appropriate, as suggested by case reports of patients with HCC

and with atypical initial presentations attributed to bone metastases

[20−23], and by series showing that almost all patients with bone

disease will be symptomatic [4,24].

In addition to the relatively low frequency of bone metastases, the

performance of BS in the specific case of HCC patients is not optimal.

Sensitivity is hampered in HCC because most bone metastases are

osteolytic in nature [15,25]. In one multicenter study of 211 patients

with HCC, 82 % of bone metastases were osteolytic, and the rest were

distributed between osteoblastic and mixed [26]. Poor specificity was

also evident in our study, in which most positive studies were attrib-

uted to non-metastatic bone disease, mainly traumatic and degenera-

tive in nature. Poor specificity may result in over-staging and over-

diagnosing, which may result in harm, such as not offering a liver

transplant to a patient who otherwise would be an acceptable candi-

date. Likewise, positive BSs may lead to unnecessary invasive diag-

nostic procedures and risks, like in our series, in which a patient

underwent a bone biopsy. The specificity can be improved by pairing

it with a SPECT/CT [27], which can better characterize uptake areas in

the BS. However, since bone metastasis is a relatively infrequent

event in patients with HCC, and as shown in our study, they usually

Table 1

General characteristics of patients (n = 192).

Age, years, med (IQR) 66 (59−71)

Male, n (%) 113 (59)

Cirrhosis, n (%) 161 (84)

Underlying liver disease, n (%)

-Chronic hepatitis C virus

-Chronic hepatitis B virus

Alcohol

MASLD or cryptogenic

Other

70 (43)

4 (2)

17 (11)

52 (32)

18 (11)

AFP, ng/ml, med (IQR) 57.5 (9.6−1212.9)

MELD, med (IQR) 10 (8−12)

MELD-Na, med (IQR) 12 (10−15)

Child-Pugh Score, n (%)

-A

-B

-C

84 (44)

95 (49)

13 (7)

Size of biggest liver lesion, mm, med (IQR) 45 (25−81)

Number of lesions, med (IQR) 1 (1−3)

Number of lesions, n (%)

�1

�2−3

->3

99 (52)

66 (34)

27 (13)

Tumor thrombus, n (%) 20 (10)

Lymphatic metastasis, n (%) 16 (8)

Pulmonary metastasis, n (%) 22 (12)

Positive bone scintigraphy, n (%)

-True positive for bone metastases

-False positive for bone metastases

15 (8)

4/15

11/15

Eastern Clinical Oncology Group Performance Status, n (%)

�0

�1

�2

�3

54 (28)

108 (56)

17 (9)

12 (6)

Barcelona Clinic Liver Cancer stage, n (%)

-A

-B

-C

-D

26 (14)

14 (7)

131 (68)

21 (11)

IQR: Interquartile range. MASLD: Metabolic dysfunction-associated steatotic liver

disease. MELD: Model for end-stage liver disease.

Table 2

Patients with bone scintigraphy with abnormal findings.

BCLC

pre-BS

BCLC

post-BS

Interpretation and comments

1 C C True positive. The BS showed a metastasis in

the left femur. The staging CT had previ-

ously shown vascular invasion, pulmonary

and lymphatic metastases, so overall did

not change stage or treatment.

2 D D False positive. The BS showed uptake in L1

and this was due to a compression fracture.

3 C C True positive. The BS showed metastases in

several spots of the ribcage. The staging CT

had previously shown pulmonary metasta-

sis, so overall did not change stage or treat-

ment.

4 C C True positive. Metastases were found in the

ribcage, right femur, and right humerus.

The staging CT had previously shown pul-

monary, lymphatic, and bone metastases in

the ribcage, so overall did not change stage

or treatment.

5 B B False positive. Uptake was due to degenera-

tive bone disease. There was increased

tracer uptake in the right glenohumeral

joint, in one rib, in T12, L5, and right femur,

with no morphological evidence of bone

metastases on the CT. After 2 years, the

patient is still alive with no evidence of

extrahepatic spread.

6 A A False positive. Increased tracer uptake in a rib

was due to a previous rib fracture.

7 A A False positive. Increased uptake of the tracer

in two ribs, but there was no morphologi-

cal evidence of bone metastasis on those

ribs in the chest CT.

8 C C True positive. The staging CT had already

shown pulmonary metastasis so overall did

not change the stage or treatment.

9 B B False positive. Irregularities in the tracer

uptake were due to degenerative bone dis-

ease, with no evidence of bone metastasis

on CT. Patient had a follow up of >2 years

with no manifestations of bone disease.

10 B B False positive. Increased uptake in a rib was

found to be due to an enchondroma that

was better characterized on the chest CT.

11 A A False positive. The BS showed increased

uptake in a dorsal and a lumbar vertebra,

but a biopsy was negative for metastasis.

12 C C False positive. Positivity in a costovertebral

joint and in L3 were found to be due to

degenerative bone disease, with no evi-

dence of metastasis on CT.

13 C C False positive. Abnormal areas of uptake in

the ribcage were due to previous rib

trauma, no abnormalities were found on

the chest CT.

14 C C False positive. Abnormal areas of uptake in

the ribcage were due to degenerative bone

disease with no evidence of bone metasta-

sis on chest CT

15 C C False positive. Abnormal areas of uptake in

ribcage were due to previous rib fractures

BCLC: Barcelona Clinic Liver Cancer. BS: Bone scintigraphy. CT: Computed

tomography.
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happen in patients with advanced tumors, there does not seem to be

a role for proactively searching for bone metastases in the absence of

symptoms. Moreover, as suggested by other authors, routine BS is

not cost effective [11,19], and adding SPECT/CT in all cases would

increase healthcare costs. Finally, BS interpretation is subject to inter-

observer variability, adding further uncertainty when using it to stage

patients [28].

Our study does have limitations. Due to its retrospective and

cross-sectional nature, we were unable to assess if patients with

bone metastases were symptomatic, and/or if the findings of the BSs

led to any specific interventions, such as palliative radiotherapy,

which would further support ordering BSs based on clinical suspi-

cion. In addition, we could not determine the reasons why 33

patients were missing BS results. One of the major limitations is that

all BSs were reviewed by a single nuclear radiologist, and as men-

tioned, interpretation of BSs is subject to interobserver variability. In

the particular case of bone metastasis, kappa coefficients are

described between 0.53 and 0.88 [29]. However, because the objec-

tive of our study was to assess the role of BS in staging, it may be that

interobserver variability was not as significant in our study. The

nuclear radiologist was able to interpret the findings in light of other

available imaging studies and the progression of lesions over time so

that any abnormal finding could be retrospectively adjudicated as a

bone metastasis.

5. Conclusions

In conclusion, the yield of routinely doing BS as part of the staging

of patients with HCC is low and can lead to a significant rate of false

positive results. Therefore, we favor a more customized approach,

ordering BS on a case-by-case basis based on clinical suspicion. Based

on the implications of having extrahepatic disease, BS can also be

considered in patients being assessed for liver transplants when out-

side of conventional criteria. A prospective study focused on this

group of patients, intentionally investigating any abnormal findings,

would provide important information.
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