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Abstract

Background Little is known about the patterns of utilization of surveillance imaging after treatment of hepatocellular carcinoma
(HCC). We sought to define population-based patterns of surveillance and investigate if intensity of surveillance impacted
outcome following HCC treatment.

Methods The Surveillance, Epidemiology, and End Results-Medicare database was used to identify patients with HCC
diagnosed between 1998 and 2007 who underwent resection, ablation, or intra-arterial therapy (IAT). The association between
imaging frequency and long-term survival was analyzed.

Results Of the 1,467 patients, most underwent ablation only (41.5 %), while fewer underwent liver resection only (29.6 %) or
IAT only (18.3 %). Most patients had at least one CT scan (92.7 %) during follow-up, while fewer had an MRI (34.1 %). A
temporal trend was noted with more frequent surveillance imaging obtained in post-treatment year 1 (2.5 scans/year) vs. year 5
(0.9 scans/year; P=0.01); 34.5 % of alive patients had no imaging after 2 years. Frequency of surveillance imaging correlated
with procedure type (total number of scans/5 years, resection, 4.7; ablation, 4.9; IAT, 3.7; P<0.001). Frequency of surveillance
imaging was not associated with a survival benefit (three to four scans/year, 49.5 months vs. two scans/year, 71.7 months vs. one
scan/year, 67.6 months; P=0.01)

Conclusion Marked heterogeneity exists in how often surveillance imaging is obtained following treatment of HCC. Higher
intensity imaging does not confer a survival benefit.
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary
cancer of the liver in both men and women. It is one of the fastest
growing causes of cancer-related death in the USA with many
patients being over 65 years of age.' The incidence of HCC in the
USA has risen at a rate of 4.5 % per year in the last three decades
and is currently 4.9 per 100,000 persons.” Surgery is the mainstay
of treatment for HCC and offers the best hope of long-term
disease control. Other therapeutic options for patients include
ablation and intra-arterial therapies (IAT) such as trans-arterial
chemoembolization (TACE) and trans-arterial embolization
(TAE). While short- and long-term post-treatment survival rates
have significantly improved over the last two decades, up to 80 %
of patients with HCC will recur within 5 years of treatment.”

Given the relatively high incidence of recurrence, surveil-
lance with post-surgical cross-sectional imaging to detect
asymptomatic recurrent disease is a widespread practice. There
is no clear consensus on the intensity and usefulness of follow-
up imaging. Recent guidelines from the National Comprehen-
sive Cancer Network (NCCN) advocate imaging at 3—6-month
intervals for the first 2 years and then every 612 months.’
There is a paucity of information on patterns of imaging sur-
veillance among patients with HCC, and evidence on whether
intensity of imaging correlates with outcomes is lacking. It is
also not known if physician consultation patterns influence the
likelihood and intensity of surveillance for HCC, as has been
noted for other cancer sites.”” Most recurrences of HCC are
intrahepatic, and therefore, early detection may facilitate sec-
ondary interventions.* While intense, close surveillance with
cross-sectional imaging may intuitively seem appealing, there
has been concern about unnecessary exposure to radiation,® as
well as associated avoidable, high health care costs.”

In the present report, we sought to define the pattern of
utilization, as well as intensity of post-operative abdominal
imaging following HCC treatment using the population based
Surveillance, Epidemiology and End Results (SEER)-linked
Medicare database. In addition, we investigated whether the
intensity/frequency of surveillance impacted long-term survival.

Methods

Source of Data

We performed a retrospective cohort study using the SEER-
linked Medicare database. The details of this database have been

noted elsewhere.'® Briefly, the SEER database is sourced from
cancer registries from specific geographical areas that represent

28 % of the US population. For the present study, we considered
patients age 66 years or older, with a pathologically confirmed
diagnosis of HCC (International Classification of Diseases for
Oncology, third edition,'" histology codes 8170 to 8175 for
HCC and site code C22.0 for liver) between January 1, 1998
and December 31, 2007, who had continuous enrollment in
Medicare part A and B for a minimum of 12 months preceding
and 30 months following the diagnosis, and were not enrolled in
an HMO plan at any point in this time period. We excluded
patients with a diagnosis of another primary cancer within
5 years of the diagnosis of HCC; patients diagnosed on autopsy
or by death certificate were also excluded. We restricted the
cohort to patients with loco-regional disease as classified by the
SEER historic staging criteria and excluded those who had
distant disease. Patients with early-stage disease were defined
by an established algorithm. ">

Medicare data were used to ascertain type of treatment
received and date of delivery. Data on liver resection (hemi-
hepatectomy or lobectomy), ablation (radiofrequency, alco-
hol, cryoablation, or NOS), and TACE/TAE were abstracted
from the Medicare inpatient, outpatient, and provider files;
data on transplantation patients were not included. Repeat
procedures were defined as either of these procedures types
performed after 90 days of the index procedure. Demographic
covariates such as age at diagnosis, gender, and race/ethnicity
were extracted from the SEER database. Cancer-related co-
variates including: tumor stage, size, and focality were also
determined using SEER data. Elixhauser’s comorbidities were
extracted as a measure of preoperative comorbidity burden.'?

Surveillance Testing

The surveillance period extended from 90 days following
surgery to 5 years or until the date of last follow-up available
in the claims data. The 90-day lag was used to exclude patients
undergoing imaging and physician consultations related to
post-operative or post-procedural complications.” For each
monthly window of surveillance, we included only those
patients who survived at least until the end of that month.
We censored patients who were referred to, or were billed for,
by hospice. For all analyses, we included a patient in a
particular time period if he or she was alive and uncensored
by the end of that period.

For the present study, we abstracted data on all CT (CPT
code 74150, 74160, 74170; ICD-9 codes 88.01, 88.02) and
MRI (CPT codes 74818, 74182, 74183; ICD-9 code 88.97)
scans of the abdomen performed for any indication during
each month of follow-up during surveillance.

Physician Consultation

We extracted all records for physician consultations around
the date of initial diagnosis and HCC treatment for each
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patient. Physician specialty was determined by the Healthcare
Financing Administration (HCFA) specialty codes. Bills from
physicians who noted specialty designation as general prac-
tice, general surgery, family practice, gastroenterology, inter-
nal medicine, geriatric medicine, hematology, medical oncol-
ogy, surgical oncology, radiation oncology, and interventional
radiology (HCFA Specialty codes 01, 02, 08, 10, 11, 38, 83,
90, 91, 92, 94) were retained. One specialty code was allo-
cated to each physician identification number. Physicians who
billed both as a specialist and a generalist (i.e., gastroenterol-
ogist and internist) were given their specialist designation.
Physicians were classified as a primary care practitioner (gen-
eral practice, family practice, internal medicine, geriatric med-
icine), medical oncologist (hematology, medical oncology),
surgeon (general surgery, surgical oncology), radiation oncol-
ogist, and interventional radiologist. We dichotomized spe-
cialty designation between primary care practitioner, and
cancer specialist (surgeon, medical oncologist, radiation on-
cologist, and interventional radiologist).*’

Statistical Analysis

Mean and median values were used to describe continuous
data, with discrete variables displayed as totals and frequen-
cies. Cells with <11 cases per variable cell were relabeled as
“<11 (<%)” in compliance with the National Cancer Institute
regulation for reporting of SEER-Medicare data. Univariate
comparisons were assessed using the two-sample Student’s ¢
test for continuous variables and the Chi-square test for di-
chotomous and categorical variables. For purposes of analy-
ses, the distribution of the total number of comorbid condi-
tions per patient was divided into tertiles: 0, 1-2, or 3+
comorbidities. Cumulative event rates were calculated using
the method of Kaplan and Meier, and survival curves were
compared using the log-rank test. Overall survival time was
calculated from the date of the first HCC directed treatment to
the date of last follow-up. In order to assess the impact of
imaging on long-term survival, we performed a more restrict-
ed analysis on patients who had had survived for at least
2 years following the HCC procedure. This mitigated against
the effect of differential scanning frequency due to varying
time of follow-up due to early death. In the case of differences
in distribution of covariates among comparison groups, pro-
pensity score matching was used to create comparable co-
horts. Univariate comparisons of survival were performed
using the log-rank test. Multivariate modeling of survival
was performed using Cox proportional hazards models. Co-
variates were included in the multivariate Cox model based on
statistical significance in the univariate models (P<.20). The
overall fit of the multivariate models was assessed using the
likelihood ratio test. Relative risks were expressed as hazard
ratios (HR) with a 95 % confidence interval (CI). Adherence
to the proportional hazards assumption was assessed using
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Table 1 Demographic and clinical characteristics of the cohort

Demographic characteristics Total (n=1,476)

Age, years

66-69 378 (25.8)

70-74 480 (32.7)

75-79 372 (25.4)

80 + 237 (16.2)
Male gender 965 (65.8)
Race

White 985 (67.1)

Other 482 (32.9)
Urban location 1,329 (90.6)
Top two quintiles of SES 634 (43.2)
US Geographic region

Northeast 338 (23.0)

West 809 (55.2)

Midwest 159 (10.8)

South 161 (11.0)
Clinical characteristics
Non-liver-related comorbidities

0 685 (46.7)

1-2 485 (33.1)

3+ 297 (20.3)
Liver-related comorbidities

HCV infection 524 (35.7)

HBYV infection 206 (14.0)

Non-hepatitis-related cirrhosis 888 (60.5)
Cancer characteristics

Localized 1,023 (69.7)

Regional 295 (20.1)

No stage recorded 149 (10.2)
Multiple tumor foci® 398 (31.8)
Bilobar disease® 199 (17.9)
Size>5 cm® 600 (47.9)
Limited/potentially curable disease 571 (38.9)

“ Data were missing for 217 patients
® Data were missing for 353 patients

¢ Data were missing for 215 patients

Schoenfeld residuals and log—log plots. All reported P values
are two-tailed. All statistical analyses were performed using
SAS 9.3 (SAS Corp., Cary, NC).

Results

Patient, Disease, and Treatment Characteristics

Utilizing the SEER database, 1,710 patients were identified who
underwent liver resection, ablation, or IAT of HCC and met
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inclusion criteria; of these 1,467 patients survived for at least
90 days, defined as the start of surveillance period. Most patients
were diagnosed between years 2003 and 2007 (n=912, 62.2 %),
while the remaining cohort of 555 patients was diagnosed in
1998-2002. The demographic and clinical characteristics of the
patients are outlined in Table 1. The median patient age was
74 years (IQR, 70-78). The majority of patients were white
(n=985, 67.1 %) and male (=965, 65.8 %). Most patients lived
in an urban location (n=1,329, 90.6 %), were from the Western
United States (n=809, 55.2 %), and belonged to the lower three
quintiles of socioeconomic status (n=842, 57.0 %). At the time
of the procedure, most patients had non-hepatitis-related liver
cirrhosis (n=888, 60.5 %), while fewer had chronic HCV infec-
tion (n=524, 35.7 %) or HBV infection (=206, 14.0 %). The
majority of patients had non-liver-related comorbidities (n=791,
53.6 %); 485 (33.1 %) patients had one to two comorbidities, and
297 (20.3 %) had three or more comorbidities. The most com-
monly noted comorbidities were hypertension (n=476, 32.5 %),
diabetes mellitus (#=337; 23.0 %), anemia (n=173, 21.1 %), and
chronic pulmonary disease (n=144, 9.8 %).

The majority of patients had tumors that were staged as
localized disease (n=1,023; 69.7 %), while fewer had regional
disease (n=295; 20.1 %). Median tumor size was 4.6 cm (IQR,
3.0-7.0 cm), and multi-focal disease was present in 398 (31.8 %)
patients; 199 (17.9 %) patients had disease involving both lobes
of'the liver. Only a subset of patients (n=571; 38.9 %) had early-
stage disease. Around the time of HCC diagnosis, the majority of
patients visited a primary care physician (n=1,332; 90.8 %). A
smaller proportion saw a cancer specialist: surgeon (n1=976;
66.5 %), medical oncologist (n=976; 66.5 %), or interventional
radiologist (n=857; 58.4 %)).

At the time of liver-directed therapy, most patients underwent
ablation only (n=608, 41.5 %), while 434 (29.6 %) patients
underwent liver resection only. Other therapies included IAT only
(n=269; 18.3 %), concurrent hepatectomy and tumor ablation
(n=20; 1.4 %), some combination of hepatectomy and IAT
(n=37; 2.5 %) or ablation and IAT (n=91; 6.2 %). Surgical
resection consisted of at least a hemi-hepatectomy in 250
(50.1 %) patients, while 249 (49.9 %) patients had a partial/
wedge resection.

Repeat procedures were carried out in 285 (19.4 %) patients.
Most often the second procedure involved ablation (r=170,
11.6 %), IAT (n=123, 8.4 %), or hepatectomy (n=31, 2.1 %).
Median interval to any second procedure was 11.8 months. Me-
dian time interval to individual procedures was: ablation
12.9 months, IAT 8.8 month, and hepatectomy 15.7 months.

Intensity and Factors Associated with Follow-up Imaging

Among the 1,476 patients with HCC who underwent a liver-
directed procedure, a total of 6,735 imaging procedures were
performed from the time of treatment until being censored at
5 years following surgery or death. Overall yearly utilization

2.5

15

Frequency of scans/year survived

05

1998 1999 2000 2001 2002 2003 2004 2005 2006
Year of diagnosis

Fig. 1 Mean number of imaging scans per patient within 5 years of
surgery, ablation, or hepatic IAT for HCC

of surveillance abdominal imaging following therapy for
HCC increased over time (Fig. 1). Of note, a majority
(n=1,327, 90.5 %) of patients had some type of abdominal
imaging following treatment, a small subset of patients
(n=140, 9.5 %) did not have any record of abdominal imaging
after treatment. Among the 1,327 patients who had an imaging
scan, most patients had a CT scan (n=1,230, 92.7 %), while
fewer had an MRI (n=453, 34.1 %). The overall utilization of
CT increased slightly over time, but the greatest increase in
imaging was largely attributable to increased utilization of
MRI scanning (Fig. 2).

In the first year following treatment, 1,270 (86.6 %) pa-
tients had at least one abdominal scan; with each subsequent
year of follow-up, the proportion of patients having at least
one imaging scan decreased (year 2, n=745, 73.9 %; year 3,
n=418, 58.5 %; year 4, n=262, 48.1 %; year 5, n=149,
46.4 %). After adjusting for post-procedure survival time,
among the subset of patients who had at least one scan per
year, the intensity of scanning similarly decreased (year 1,
2.5 scans/year vs. year 2, 1.8 scans/year vs. year 3, 1.3 scan/
year vs. year 4, 1.0 scan/year vs. year 5, 0.9 scan/year; P value
for trend 0.01). Overall, 34.5 % (n=246) of patients who were
alive 2 years post-procedure did not receive any abdominal
imaging scans during subsequent follow-up. A number of fac-
tors were associated with receipt of any post-procedure surveil-
lance imaging (Table 2). Specifically, there were differences in
both patient and non-patient factors between individuals who
had at least one imaging procedure recorded and those who did
not. Patients who had post-surgical surveillance imaging were
more likely to have higher socioeconomic status (OR, 1.62;
95 % CI, 1.12-2.36), live in the Midwest or South region
(Midwest/South vs. West, OR, 2.00; 95 % CI, 1.18-3.35), have
one or more comorbidities at diagnosis (OR, 1.58; 95 % CI,
1.07-2.18), have tumors>5 cm (OR, 1.21; 95 % CI, 1.10-1.68),
multiple tumors (OR, 1.15; 95 % CI, 1.01-1.34), and have
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Fig. 2 Annual rate of imaging utilization per patient, adjusted for post-
operative or procedural survival

undergone a hepatectomy or tumor ablation as the index proce-
dure (hepatectomy vs. IAT, OR, 3.02; 95 % CI, 1.70-5.34;
ablation vs. IAT, OR, 2.36; 95 % CI, 1.47-3.79; all P<0.05).

Factors associated with intensity of surveillance imaging
were examined (<2 scans/year vs. >3 scans/year) among pa-
tients who had at least 2 years of follow-up and at least one
imaging event after treatment for HCC (n=792; Table 3). On
univariate analysis factors associated with higher intensity of
scanning were: undergoing ablation or IAT (ablation vs. hep-
atectomy, OR, 3.16; 95 % CI, 2.03—4.90; IAT vs. hepatecto-
my, OR, 3.61; 95 % CI, 2.06-6.44), consultation with an
interventional radiologist following diagnosis (OR, 1.95;
95 % CI, 1.34-2.85), and geographical region (Northeast vs.
Midwest/South, OR, 1.93; 95 % CI, 1.07-3.50; all P<0.05;
Table 3). On multivariate analysis, the only factor that
remained associated with increased intensity of scanning
was the index procedure type: undergoing ablation or IAT as
initial treatment (ablation vs. hepatectomy, OR, 2.77; 95 % CI,
1.76-4.38; P=0.01; IAT vs. hepatectomy, OR, 2.66; 95 % CI,
1.40-5.06; P=0.04). The mean number of scans performed
within 5 years of surgery was higher among patients under-
going ablation (4.9) compared with resection (4.7) or IAT
(3.7; P<0.001).

Table 2 Characteristics of 828

patients by scanning intensity Zero to one scan Regular, periodic scanning over 2 years P value
in 2 years (n=230)
One to two Three to four
scans/year (n=455) scans/year (n=143)
Age, n (%)
66-69 51(22.2) 135 (29.7) 48 (33.6) 0.10
70-74 76 (33.0) 145 (31.9) 47 (32.9)
75+ 103 (44.8) 175 (38.5) 48 (33.6)
Male gender; n (%) 142 (61.7) 298 (65.5) 94 (65.7) 0.59
White race; n (%) 152 (66.1) 292 (64.2) 85(59.4) 0.42
Urban location 202 (87.8) 413 (90.8) 132 (92.3) 0.16
Top two quintiles of SES 79 (34.4) 219 (48.1) 67 (46.9) <0.001
Geographic location
Northeast 40 (17.4) 98 (21.5) 37 (25.9) 0.18
West 140 (60.9) 263 (57.8) 86 (60.1)
Midwest/South 50 (21.7) 94 (20.7) 20 (14.0)
SEER historic stage of HCC
Localized/in situ 180 (79.1) 353 (77.6) 98 (68.5) 0.15
Regional 33 (14.4) 69 (15.2) 33 (23.1)
No stage recorded 15 (6.5) 33(7.3) 12 (8.4)
Any comorbidity 133 (57.8) 263 (57.8) 83 (58.0) 0.99
First procedure following diagnosis
Hepatectomy 125 (54.4) 198 (43.5) 31(21.7) <0.001
Ablation 76 (33.0) 210 (46.2) 86 (60.1)
IAT 29 (12.6) 47 (10.3) 26 (18.2)
Period of treatment
1998-2002 131 (57.0) 292 (64.2) 91 (63.6) 0.17
2003-2007 99 (43.0) 163 (35.8) 52 (36.4)
Characteristics of 828 patients by ~ Physician consultation
scanning intensity among patients Surgeon 156 (67.8) 303 (66.6) 92 (64.3) 0.79
who survived for more than Medical oncologist 129 (56.1) 274 (60.2) 87 (60.8) 0.53
2 years and did not have a second IR 105 (45.7) 236 (51.9) 94 (65.7) <0.001

procedure during these years
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Table 3 Factors associated with
higher intensity of imaging on Univariate Multivariate
univariate and multivariate logis-
tic regression OR (95 % CI) P value OR (95 % CI) P value
Age
6669 1.51 (0.97-2.36) 0.12 1.43 (0.91-2.25) 0.22
70-74 1.24 (0.78-1.92) 0.97 1.24 (0.79-1.95) 0.86
75+ Reference
Male gender 1.01 (0.66-1.57) 0.95 —
White race 0.80 (0.55-1.15) 0.22 -
Urban location 1.70 (0.83-3.49) 0.14 1.34 (0.63-2.84) 0.44
Top two quintiles of SES 1.14 (0.79-1.64) 0.47 -
Geographic location
Northeast 1.93 (1.07-3.50) 0.04 1.53 (0.82-2.85) 0.22
West 1.55(0.92-2.61) 0.57 1.30 (0.75-2.23) 0.81
Midwest/South Reference Reference
SEER historic stage of HCC primary
Localized/in situ Reference Reference
Regional 1.76 (1.12-2.75) 0.12 1.55 (0.98-2.47) 0.21
No stage recorded 1.76 (0.70-2.65) 0.94 1.22 (0.61-2.44) 0.95
Any comorbidity 1.00 (0.69-1.44) 0.99 -
Index procedure
Hepatectomy Reference Reference
Ablation 3.16 (2.03-4.90) <0.001 2.77 (1.76-4.38) 0.01
IAT 3.61 (2.06-6.44) <0.001 2.66 (1.40-5.06) 0.04
HCC diagnosis after 2002 1.09 (0.75-1.58) 0.67 -
Specialist consultation
Surgeon 0.88 (0.60-1.28) 0.49 -
Medical oncologist 1.08 (0.75-1.57) 0.67 -
Interventional radiologist 1.95 (1.34-2.85) <0.001 1.33 (0.87-2.04) 0.19
The proportion of patients undergoing a secondary proce-
dure for recurrence differed significantly by intensity of sur- 100 sy el =S4
veillance imaging (three to four scans/year, 36.2 % vs. two %0
scans/year, 14.0 % vs. one scan/year, 15.2 %; P<0.001). -
70
Impact of Imaging Surveillance on Survival é 60
_:i 50
The median survival of patients who underwent surgical man- %
agement of HCC was 29.0 months (95 % CI, 26.3-30.8 months) £ ¥
with 1-, 3-, and 5-year survival of 81.2, 42.0, and 26.6 %, T w
respectively. A number of well-described factors were associat- %
ed with worse survival such as older age (HR 1.35, 95 % CI | i - & - W
1.12-1.62), index treatment with ablation (HR 1.72, 95 % CI 127 104 2| 51 32 19 2y
1.44-2.06), or IAT (HR 1.98, 95 % CI 1.54-2.54), consultation 091 5 42 2 _ 13 ¥
with a medical oncologist (HR 1.31, 95 % CI 1.12-1.54), and " * wnm Mo mman ” 34

multiple tumors at diagnosis (HR 1.57, 95 % CI 1.31-1.88);
receipt of post-operative imaging was also associated with
survival (HR 1.47, 05 % CI 1.02-2.13; all P<0.05).

Fig. 3 Overall survival stratified by intensity of post-procedural imaging
during surveillance period (3 to 60 months) following surgery, ablation,
or IAT for HCC
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To further evaluate the potential relationship between sur-
vival and imaging surveillance, and to avoid patients who had
fewer scans due to early death, we compared survival among
the 475 patients who had survived for at least 2 years follow-
ing the index procedure and did not have a second procedure.
Paradoxically, overall median survival was lowest for patients
with the highest frequency of post-surgical imaging (three to
four scans/year, 49.5 months vs. two scans/year, 71.7 months
vs. one scan/year, 67.6 months; P=0.01; Fig. 3). The para-
doxical effect of increased scanning frequency and worse
survival was not as pronounced among patients undergoing
ablation (0.60) or IAT (0.72). Of note, among the 260 patients
who survived to 5 years, only 77 (29.6 %) had received
imaging at intervals of 1 year or greater.

Discussion

Post-treatment surveillance is of growing importance as the
number of cancer survivors is dramatically increasing due to
improved early detection and more effective therapies.'* Al-
though there are no uniform standards of coordinated care for
survivors, surveillance is a long-standing element of oncolog-
ic practice. Current surveillance practices include interval
clinic visits, serum tumor markers, and cross-sectional imag-
ing. Routine post-operative surveillance imaging is employed
in the majority of patients with gastrointestinal malignancy.
Both providers and patients are concerned about detecting
recurrences early, which may drive higher use of surveillance
imaging.'>'® The current NCCN guidelines for surveillance
among patients with HCC after resection or local regional
therapy recommend routine AFP levels, if initially elevated,
and imaging every 3 to 6 months for 2 years and then every 6
to 12 months.” Although several studies have looked at the
impact of surveillance on outcomes, as well as cost associated
with imaging patients with cancers such as colorectal, breast,
prostate, and lymphomas, there are limited data on outcomes
associated with surveillance after HCC therapy.'” ' The cur-
rent study is important because we used national, population-
based data to evaluate the utilization of post-operative surveil-
lance imaging among patients undergoing management of
HCC. Specifically, we demonstrated a significant rise in the
use of surveillance imaging over time following surgery,
ablation, and IAT among patients with HCC. We also noted
dramatic variations in the use of surveillance imaging that
were associated with procedure type, type of specialist seen
by the patient, and geographic location of the hospital.

The utilization of non-invasive diagnostic radiologic imag-
ing has increased over time.””” Dinan et al. reported an
increase in the use of radiological studies with CT accounting
for the most pronounced increase compared with more modest
increases in the use of PET and MRI.’ Bhargavan et al.
similarly reported a roughly 10 % higher use of imaging
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modalities over the last decade.”® Similarly, our own group
has described an increase in the overall utilization of cross-
sectional surveillance imaging following curative-intent sur-
gery among patients with colorectal liver metastasis.”* In the
current study, we expand on our previous work and examine
the use of surveillance imaging following treatment of HCC.
We found that utilization of surveillance imaging for patients
with HCC undergoing hepatic resection, ablation, or IAT
increased over time. In fact, the median number of scans
performed per year per patient following HCC treatment
increased from two/year in 1998 compared with four/year in
2007. In looking at the increase in surveillance imaging for
HCC, there was a relative increase in MRI over time, but the
increased use of CT accounted for the greatest absolute in-
crease in imaging. The dramatic overall increase in CT use in
the USA has been questioned not only due to the associated
increased radiation exposure but also due to the associated
costs and questionable benefits.**> The benefit of high-
frequency “aggressive” surveillance imaging following can-
cer surgery is controversial. Edelman et al. reported that the
aggressive routine surveillance testing with radiologic and
biochemical studies did not detect the vast majority of cancer
relapses or prolonged survival among patients with breast
cancer, prostate cancer, lung cancer, or lymphomas.'® In con-
trast, two more recent studies reported that frequent measure-
ment of serum tumor markers and surveillance imaging led to
earlier and increased detection of isolated recurrences, as well
as an overall survival benefit among patients with primary
colorectal cancer.”®?’” With regard to HCC, strategies for
surveillance have primarily focused on strategies to detect
primary HCC in high-risk populations.”® ' In these studies,
data have suggested that early detection of primary HCC may
lead to a higher chance at curative intent therapy and better
outcomes. Whether primary surveillance data can be extrapo-
lated to inform secondary surveillance strategies to detect
recurrent disease remains unclear. Only limited data are avail-
able for surveillance after transplantation for HCC. In one
study, Roberts reported on the role of routine surveillance
following transplantation of HCC.> In this study, the author
noted that recurrence ranged from 11 to 18 % in the post-
transplant population and that screening all patients would not
be cost-effective, while screening for high-risk patients may
be warrented.*” In the current study, we specifically excluded
patients undergoing transplantation. Instead, we focused on
HCC patients treated with resection, ablation, and TAT be-
cause of the lack of data on the trends and patterns of post-
treatment surveillance in this population.

Significant variation was noted in the intensity of surveil-
lance imaging obtained after resection, ablation, and IAT for
HCC. In fact, we found that a subset of patients—approxi-
mately 10 %—did not have any recorded instance of abdom-
inal imaging after management of HCC. Interestingly, among
patients who did undergo post-treatment surveillance both
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non-clinical and clinical factors were associated with the
frequency of imaging. Non-clinical factors associated with
imaging after therapy included higher socioeconomic status
and certain geographic locations, such as living in the
Midwest/South region. Clinical and tumor factors associated
with frequency of post-treatment imaging included patient
age, as well as tumor size and number. Previous studies had
demonstrated variation based on socioeconomic status, geo-
graphic and age variation with regard to receipt of treatment
for some cancers.”®>* The current work expands on these
previous studies and demonstrates that non-tumor-related fac-
tors not only impact receipt of therapy but also how patients
are followed in the post-treatment period. For example, as
patient age increased, provider utilization of surveillance im-
aging declined, perhaps suggesting the belief that detection of
early recurrence was less important among the very elderly.
We also noted that provider and type of index procedure was
associated with variation in surveillance imaging intensity.
Specifically, patients who were treated by an interventional
radiologist and who had ablation were more like to have a
higher intensity of imaging. These data are consistent with the
known increased utilization of cross-sectional imaging to
assess tumor response following local regional therapies.*> >’

In addition to defining overall trends in post-treatment
surveillance imaging of HCC, we sought to examine the
impact that imaging frequency had on long-term survival.
We failed to detect a beneficial effect of increased surveillance
imaging frequency on prognosis. Among long-term survivors
(e.g., those patients who survived to 5 years), only a small
subset (29.6 %) had received high-intensity surveillance im-
aging at intervals of 1 year or greater. In fact, overall median
survival was lowest for patients with the highest frequency of
post-surgical imaging. The paradoxical effect of increased
scanning frequency and worse survival was not seen among
patients undergoing ablation or IAT. While the reason for this
is undoubtedly multi-factorial, it likely relates to patient selec-
tion, as well as possibly the indication for obtaining additional
imaging in the different groups. In the ablation and IAT
groups, higher frequency imaging may be used to assess
treatment response. In contrast, in the surgical group, pro-
viders may be more likely to obtain imaging for patients with
advanced disease, especially those who have a worsening
clinical course. As such, this may account, in part, for why
patients who had the highest frequency of scans appeared to
have the worse prognosis on Kaplan—Meier analysis (Fig. 3).
Notwithstanding this, the data do seem to suggest that patients
do not necessarily derive a survival benefit from more intense
surveillance strategies. For example, there was no difference
in survival among patients who had one scan/year versus two
scans/year surveillance strategies. These findings are consis-
tent with data reported on surveillance strategies for other
primary cancers such as pancreatic adenocarcinoma. Witkowski
et al. noted that routine surveillance imaging following pancreatic

cancer resection had no survival benefit.*® While patients with
recurrent HCC may have more therapeutic options, it was inter-
esting to note that in the current study only a very small subset of
patients had any type of repeat liver-directed procedure.

The current study has several limitations. Due to the ad-
ministrative nature of the SEER-Medicare database, we had to
rely on billing codes to ascertain the utilization of CT and
MRI. Medicare data have previously been shown, however, to
be accurate in coding for relative high reimbursement proce-
dures such as CT and MRI.** While the number of scans
performed was therefore most likely to have been captured
accurately, there were no data available on the quality of the
scans. Specifically, we do not know if the scans that were
obtained were liver protocol, contrast enhanced, or non-
contrast. However, any limitation in reporting of CT and
MRI or differences in scan quality among patients would most
likely be random in nature and be unlikely to influence the
overall trends in procedure utilization herein reported. While
we also did not have information on the indication for post-
operative imaging, we specifically excluded any imaging
within 90 days of the procedure to avoid including imaging
that was not likely to be indicative of surveillance imaging.
Finally, as with all data derived from SEER-linked Medicare
data, the study cohort was limited to patients who were
>65 years of age. As such, patterns and impact of imaging
surveillance on younger patient populations may be different,
and further study is warranted in this population.

In conclusion, utilization of surveillance imaging following
surgery, ablation, and IAT for HCC has increased. The predom-
inant imaging used for surveillance was CT scanning, although
overall MRI utilization did increase over time. Despite the
dramatic increase in surveillance imaging, approximately 10 %
of Medicare beneficiaries had no imaging event recorded in the
post-operative period following HCC therapy. For those patients
who received post-procedural surveillance imaging, there was
significant variation in the intensity of annual scans related to
both patient and non-patient factors. Intensity of surveillance
image was not associated with improved survival. These data
may spur future investigation and discussion regarding post-
therapeutic surveillance imaging guidelines for HCC patients.
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