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Purpose: To evaluate the value of follow-up chest CT in the surveillance of HCC patients.
Background: Imaging guidelines for the surveillance of hepatocellular carcinoma (HCC) 
patients recommend multiple follow-up computed tomography (CT) examinations of the 
chest, abdomen, and pelvis. Imaging studies are a major driver of rising healthcare costs. The 
appropriate use of imaging studies must be evaluated to provide valued health care.
Methods: We reviewed the radiology reports of baseline and follow-up chest, abdominal, 
and pelvic CT examinations of HCC patients. We categorized the incidence of malignancy in 
the chest and abdomen for the baseline and follow-up examinations. We also categorized the 
follow-up examinations as showing improved disease, stable disease, or disease progression. 
We correlated any progression of disease in the chest with progression of disease in the 
abdomen. We determined the extent to which disease progression in the chest occurred 
alongside that in the abdomen. Descriptive statistical analysis was carried out using 
R (version 3.5.2, R Development Core Team).
Results: Of the 226 patients included in our study, only 7 (3%) had disease progression in 
the chest without corresponding disease progression in the abdomen and pelvis on follow-up 
CT. Only 1.8% of patients with disease progression in the chest had a negative CT chest at 
baseline.
Conclusion: Follow-up chest CT has limited benefit in the surveillance of HCC patients, 
especially those with negative baseline chest CT findings.
Keywords: malignancy, imaging, staging, metastases, benefit, cost-effective

Introduction
Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related 
death worldwide, with almost 30,000 new cases diagnosed annually in the United 
States alone.1 The incidence of HCC is predicted to increase steeply throughout the 
next decade owing to sustained increase in rates of obesity and obesity-related 
health problems.2

Imaging plays a major role in the surveillance of HCC patients.3 The current 
National Comprehensive Cancer Network guidelines for the surveillance of HCC 
patients include imaging with computed tomography (CT) of the chest and multi-
phasic CT or magnetic resonance imaging (MRI) of the abdomen and pelvis every 3–6 
months for 2 years and then every 6–12 months thereafter.4 CT imaging of the chest, 
abdomen and pelvis results in excessive radiation exposure to the patient. Evaluation 
of the value of imaging is important to reduce possible unnecessary exposure to 
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radiation. When combining the CT imaging of the chest, 
abdomen and pelvis in a single examination there is an 
increase in the total number of images required for inter-
pretation by the radiologists. Reducing unnecessary imaging 
should result in reducing radiologist’s fatigue that may lead 
to diagnostic errors.5 Finally, imaging is also considered to 
be the most important factor driving the rise of healthcare 
costs in the United States.6 Therefore, it is important to 
assess the benefit of imaging in each clinical scenario.

Abdominal CT or MRI with a liver protocol is clearly 
indicated for the surveillance of localized HCC in the liver. 
However, the role of additional imaging beyond the abdo-
men remains unclear. Some researchers have recom-
mended the discontinuation of pelvic imaging.7 Others 
have reported the low incidence of findings of extrahepatic 
disease, including that in the chest, in HCC patients.8,9

To our knowledge, no study has assessed the role of 
follow-up chest CT in the surveillance of HCC patients. 
There is a need for evidence-based medicine to support the 
current guidelines for surveillance of patients with HCC 
with serial CT chest examinations. The purpose of the 
present study is to evaluate the benefit of follow-up chest 
CT in HCC patients. We hypothesized that, following 
a baseline chest CT examination, follow-up chest CT has 
a limited role in the surveillance of HCC patients, especially 
those with a negative baseline chest CT examination.

Materials and Methods
Patient Population
This retrospective study was approved by our institution’s 
(University of Texas MD Anderson Cancer Center) 
Institutional Review Board, and informed consent was 
waived because of the retrospective nature of the study. 
The data accessed complied with relevant data protection 
and privacy regulations. We searched our institution’s elec-
tronic health record (EHR) to identify patients who were 
diagnosed with HCC from March 2016 through April 2019 
and who underwent baseline CT examination of the abdo-
men and chest and follow-up CT examination of the same 
areas at least 6 weeks later. The radiology reports, labora-
tory data, and demographics of the patients who met the 
study’s inclusion criteria were extracted from the EHR.

Imaging Techniques
All CT examinations were performed using multi-detector 
CT systems from GE Healthcare (Chicago, IL, USA) or 
Siemens Healthineers (Erlangen, Germany). CT liver 

protocols were performed with intravenous contrast. With 
the use of a bolus-tracking technique, the late arterial 
phase was acquired 17 seconds after a 100-HU threshold 
was reached at the celiac artery. This is approximately at 
25s after the initiation of contrast. The portal venous phase 
of the abdomen and pelvis was acquired approximately 
60–70 seconds after contrast administration. The chest, 
abdomen, and pelvis were imaged approximately 3 min-
utes after contrast administration. All patients also under-
went non-contrast-enhanced CT of the liver.

Data Analysis
Data on the location of disease in the abdomen and chest were 
extracted from the radiology reports of the baseline and fol-
low-up CT examinations. For both the baseline and follow-up 
CT examinations, metastatic disease was categorized as occur-
ring in 1 of 3 locations: 1) chest, 2) liver, or 3) abdomen 
(extrahepatic). The results of the follow-up CT examinations 
were categorized as showing 1) stable disease, 2) improved 
disease, or 3) disease progression. The radiology report was 
used to categorize disease status. The reports with indetermi-
nate findings were not considered malignant. Only reports of 
definite metastatic disease were considered malignant. For 
patients whose follow-up CT examinations showed disease 
progression in the chest, we assessed with follow-up CT 
findings in the liver and/or abdomen. Clinical and tumor 
characteristics were summarized using frequencies and per-
centages. Descriptive statistical analysis was carried out using 
R-statistics (version 3.5.2, R Development Core Team).

Results
Patient Demographics
Our initial search of the institutional database identified 
736 HCC patients. Of these 736 patients, 486 were 
excluded because they did not undergo chest CT at or 
within three days of the abdominal examination; 19 were 
excluded because they had multiple primary malignancies; 
and five were excluded because they underwent follow-up 
CT less than 6 weeks after baseline CT. Thus, the study 
included 226 patients (37 women and 189 men) (Figure 1). 
The mean age was 65 years (standard deviation, 9 years).

Radiology Results
Baseline Studies
Baseline CT revealed that 36 patients (16%) had meta-
static disease in the chest, 40 (17.7%) had extrahepatic 
metastatic disease, and 193 (85%) had disease burden in 
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the liver (Table 1). Seventy-six patients had extrahepatic 
disease in the chest or abdomen (33.6%).

Follow-Up Studies
Follow-up CT revealed that 38 (17%) patients had disease 
progression in the chest, 92 (41%) had disease progression in 
the liver (Table 2), and 49 (22%) had extrahepatic disease 
progression in the abdomen (Table 3). Forty-six (20.4%) and 
eighty-eight (38.9%) had improved or stable disease in the 
liver, respectively. Fourteen patients had improved extrahe-
patic disease in the abdomen and 163 had stable extrahepatic 
disease in the abdomen. The mean time to follow-up CT was 
22 weeks (range, 6 −110 weeks).

Follow-up CT also revealed that of the 38 patients 
who had progression in the chest, 25 also had progres-
sion in the liver (Table 2), 16 also had extrahepatic 
progression in the abdomen (Table 3), and 31 had 
extrahepatic or hepatic progression in the abdomen 

(Table 4). Only seven patients had progression in the 
chest without disease progression below the diaphragm. 
Of the 38 patients who had progression in the chest on 
follow-up CT, 16 had metastatic disease in the chest at 
baseline CT. Of these 16 patients, 15 also had progres-
sion in either the liver or abdomen on follow-up CT 
(Tables 2–4).

Twenty-two patients had progression in the chest on 
follow-up CT with no metastatic disease in the chest at 
baseline CT. Of 22 patients who had a negative baseline 
CT, 5 had progression in the chest with a negative baseline 
CT and without corresponding progression of disease in 
the liver or abdomen on follow-up CT (2.2%; 5/226).

Figure 1 Patient selection flowchart.

Table 1 Baseline Computed Tomography Findings of 
Extrahepatic Hepatocellular Carcinoma Metastasis in Either the 
Chest or Abdomen

Finding Number of  
Patients

Chest (36 patients)
Osseous metastasis 3

Pulmonary nodules 23

Lymphadenopathy (mediastinal, hilar) 10

Abdomen (40 patients)
Osseous metastases 5

Peritoneal implants 18

Adrenal nodules 3
Abdominal lymphadenopathy 12

Pancreatic metastasis 2

Liver

Disease burden 193

Table 2 Findings of Follow-Up Computed Tomography (CT) of 
the Chest and Liver

Follow-Up Chest CT 
Findings

Follow-Up Liver 
CT Findings

Number of 
Patients 
(%)

Improved disease (9 patients) Improved disease 5 (2.2)

Stable disease 2 (0.9)

Disease progression 2 (0.9)

Stable disease (179 patients) Improved disease 37 (16.4)

Stable disease 77 (34)
Disease progression 65 (28.8)

Disease progression (38 
patients)

Improved disease 4 (1.8)
Stable disease 9 (4.0)

Disease progression 25 (11)

Abbreviation: CT, computed tomography.
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In summary, 7 patients (3.1%; 7/226) had progression 
in the chest without corresponding progression in the liver 
or abdomen on follow-up CT.

Discussion
To our knowledge, we are the first to evaluate the use of 
follow-up chest CT in the surveillance of HCC patients. 
The results of the present study confirmed our hypothesis 
that follow-up chest CT is of limited value in the surveil-
lance of HCC patients. Only 3% of our patient population 
had disease progression in the chest without corresponding 
progression in the liver or abdomen on follow-up CT. 
Furthermore, only 2.2% of the patients who had 
a negative baseline chest CT examination had disease 
progression in the chest without a corresponding progres-
sion in the liver or abdomen on follow-up CT.

Others have assessed the incidence of extrahepatic 
disease burden in HCC patients. Leong et al reported that 
lung is the most common site of extrahepatic spread of 
HCC and that its incidence infrequent (12.6%).10 Kanda 
et al reported that the lifetime annual incidence rate of 
extrahepatic metastasis is approximately 2.5%. The 

reported incidence of extrahepatic metastasis is as high 
as 19.5% at 7 years.8 Jin et al, evaluating the role of 
chest CT in the staging workup of HCC patients, found 
that 2.9% of patients had metastatic disease in the chest 
but not the liver.11 Others have also reported a limited role 
of the chest CT examination in HCC patients.12,13 These 
reports did not correlate the disease progression in the 
abdomen with the progression of the disease in the 
chest.7,9–12

In the present study, baseline CT revealed a prevalence 
(76/226; 33.6%) of extrahepatic metastatic disease at base-
line. The incidence of extrahepatic disease in the present 
study (33.6%) was larger than that reported 
previously.7,9–12 This may have been because our study 
was conducted at a tertiary cancer center, whose patients 
tend to have more advanced disease.

Follow-up CT revealed that 38 patients had progression 
in the chest and that 31 of these 38 patients had corre-
sponding progression in the abdomen. These findings sug-
gest that abdominal CT alone should be sufficient to detect 
disease progression in most patients.

Our study had some limitations. We extracted data 
from the original radiology reports, not from a second 
review of the CT examinations. However, extraction of 
data from radiology reports approximates the clinical prac-
tice for making treatment and other clinical decisions. We 
did not stratify the patients according to their clinical 
disease stage, tumor burden, or tumor size. It may seem 
possible to consider that advanced stage and increased 
tumor burned may result in higher incidence of disease 
progression. However, we expect to see the progression in 
the abdomen and not chest-only disease progression. The 
very low incidence of chest only progression with 
a negative baseline CT will probably remain small. 
Another limitation was that the time lapse between the 
patients’ baseline CT and follow-up CT examinations 
were relatively short. However, we found that some 
patients had disease progression as few as 6 weeks after 
baseline CT. Although a longer follow-up period could 
yield more disease burden, we expect to be present in the 
liver and extrahepatic, and not chest-only disease progres-
sion. Finally, a substantial portion of our patient popula-
tion had a high disease burden. When extended to the 
larger population with less disease burden, we anticipate 
a lower incidence of extrahepatic disease and/or chest-only 
progression and anticipate a smaller percentage of chest 
only progression.

Table 3 Findings of Follow-Up Computed Tomography (CT) of 
the Chest and Abdomen

Follow-Up Chest 

CT Findings

Follow-Up Abdominal 

CT Findings

Number of 

Patients (%)

Improved disease  

(9 patients)

Improved or stable disease 9 (4)
Disease progression 0 (0.0)

Stable disease  

(179 patients)

Improved or stable disease 146 (64.3)
Disease progression 33 (14.6)

Disease progression  

(38 patients)

Improved or stable disease 22 (10)

Disease progression 16 (7.1)

Abbreviation: CT, computed tomography.

Table 4 Findings of Follow-Up Computed Tomography (CT) of 
the Chest and of the Liver or Abdomen

Follow-Up Chest 

CT Findings

Follow-Up Liver or 

Abdominal CT Findings

Number of 

Patients (%)

Improved disease  

(9 patients)

Improved or stable disease 7 (3.1)
Disease progression 2 (0.9)

Stable disease  

(179 patients)

Improved or stable disease 95 (42.0)
Disease progression 84 (37.2)

Disease progression 

(38 patients)

Improved or stable disease 7 (3.1)

Disease progression 31 (13.7)

Abbreviation: CT, computed tomography.
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In conclusion, the results of this study, in combination 
with those of prior reports, suggest that follow-up chest 
CT has limited benefit in HCC patients.
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