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ABSTRACT 

 

Background: Curative treatment of hepatocellular carcinoma (HCC) improves 5-year 

survival rates from 0-5% to 40-70%.1, 2 We aimed to study the: I) effect of routine non-

HCC cancer screening tests (nHCS) on earlier cancer detection and survival; and II) 

impact of receiving recommended HCC treatment per the American Association for the 

Study of Liver Diseases guidelines, on adverse events (AE) and survival versus non-

recommended therapies.  

 

Methods: This retrospective cohort study evaluates Medicare beneficiaries with HCC 

from 2004-2007 using SEER-Medicare registry. Outcomes ( Aim I) were stage at 

diagnosis (American Joint Commission on Cancer) dichotomized into non-late (Stages I-

III) and late stage HCC (Stage IV); and mortality. The odds of late stage at diagnosis and 

hazard of death among >67 year old recipients of nHCS within 2 years before HCC 

diagnosis   were determined by logistic  and Cox proportional hazards regression, 

respectively, stratified by sex and adjusted for sociodemographic variables, year of 

diagnosis, HCC risk factors, and comorbidities. For Aim II, patients >66 years were 

stratified according to stage at diagnosis, tumor size/nodularity, and cirrhosis. Within 

each group, AE operationalized as non-treatment hospitalizations, and mortality, were 

compared among those receiving and not receiving recommended treatments. Risk of 

hospitalization and death (binary variables) within each person-day were explored via 

logistic regression and generalized estimating equations (correcting for correlation in 

hospitalization days).  

 
 



 
 

 

Results: Women receiving nHCS (Aim I) in the 2 years before HCC had higher odds of 

non-late after adjustment. An analysis dichotomizing stages into Early (I/II) and Late 

(III/IV) found no difference between the two groups. Men and women receiving nHCS 

had reduced mortality, independent of stage at diagnosis. (Aim II) There were higher 

hospitalization and lower mortality among Stages I/II patients receiving recommended 

versus non-recommended therapy; and the opposite effect in Stages III/IV.  

 

Conclusions: Medicare recipients receiving nHCS had reduced mortality, independent of 

earlier diagnosis, suggesting a need to follow routine cancer screening guidelines among 

HCC patients. Those receiving guideline-recommended therapy had reduced mortality 

but increased hospitalization in Stages I/II; with the opposite effect among Stages III/IV, 

suggesting that treating HCC patients according to guidelines improves survival, despite 

the cost of hospitalizations. 
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I.  RESEARCH QUESTIONS AND SPECIFIC AIMS 

 

 

1) Is healthy patient behavior, based on utilization of routine preventive medical care 

such as recommended cancer screening tests, associated with earlier diagnosis and 

improved survival for another unscreened cancer like hepatocellular carcinoma 

(HCC)? 

 

Hypothesis  

 

Utilization of routine non-HCC cancer screening tests, as an example of preventive 

medical care, will lead to detection of HCC at an earlier histological stage, where it is 

more likely to respond favorably to treatment, and result in better survival.  

 

Specific Aim I:   

To determine whether receipt of routine non-HCC cancer screening tests, as an example 

of utilization of preventive medical care in the SEER-Medicare cohort is associated with 

earlier histological staging of HCC, and subsequent improved survival, and whether this 

survival is mediated by histological stage of HCC at diagnosis. 

 

Aim I.a. To determine whether receipt of routine non-HCC cancer screening tests in the 

SEER-Medicare cohort is associated with earlier histological stage of HCC at diagnosis. 

 

1 
 



 
 

Aim I.b. To determine whether receipt of routine non-HCC cancer screening tests in the 

SEER-Medicare cohort is associated with improved survival. 

 

Aim I.c. If there is an association in Ib, then to analyze whether the effect of receipt of 

routine non-HCC cancer screening tests on survival is mediated by histological stage of 

HCC at diagnosis.  

  

 

2) Does guideline-recommended HCC management lead to decreased number of days of 

hospitalization and improved survival? 

 

Hypothesis  

 

Guideline-recommended HCC management is associated with reduced hospital days (a 

proxy for adverse events) and increased survival compared to receiving non-

recommended management. 

 

Specific Aim II:   

To determine whether guideline-recommended HCC management is associated with 

decreased number of hospital days among HCC patients, and increased survival, 

compared to receiving non-recommended management. 
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Aim II.a. To determine whether guideline-recommended HCC management is associated 

with decreased number of hospital days among HCC patients, compared to receiving 

non-recommended management. 

 

Aim II.b. To determine whether guideline-recommended HCC management is associated 

with increased survival among HCC patients, compared to receiving non-recommended 

management. 
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II. BACKGROUND AND SIGNIFICANCE 

 

A. The Public Health Problem of Hepatocellular Carcinoma 

 

Hepatocellular carcinoma (HCC) is the commonest primary liver malignancy in adults. 

Worldwide, it is the leading cause of mortality in cirrhotic patients and the third leading 

cause of cancer-related mortality.2-7 The mortality rate in the United States  has increased 

more than any other leading cancer.8  

 

Cirrhosis is the most common cause of  HCC regardless of etiology (though most cases in 

the United States are due to hepatitis C), responsible for 80-90% of cases in the United 

States.9 Hepatitis C infection (HCV) is responsible for 40-60% of cases of HCC.10 Other 

important causes include alcoholic liver cirrhosis, hepatitis B infection (HBV) mainly in 

immigrants from high-incidence regions (in some countries in Asia and Africa), and non-

alcoholic fatty liver disease/non-alcoholic steatohepatitis (NAFLD/NASH).11  The latter 

is threatening to become the predominant etiology in the US because of the accelerating 

rates of obesity. Less common causes of HCC include alfatoxin ingestion, common 

especially in the developing world, whose effect is synergized by coinfection with 

HBV;12 alpha anti-trypsin deficiency, autoimmune hepatitis, Wilson’s disease, 

hemochromatosis.12 Though HCC is mainly an adult cancer, it can affect children with 

congenital liver diseases that cause cirrhosis including biliary atresia, infantile 

cholestasis, and glycogen-storage disease. Established cofactors that increase risk of HCC 
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includes human immunodeficiency virus (HIV) infection, diabetes mellitus type II (DM), 

and smoking.13-15 

 

The principal mechanism by which liver disease leads to HCC is, which is most 

elucidated in the case of HCV, through cirrhosis, considered a preneoplastic phase. The 

major hypothesis is that there is a multi-step, sequential process beginning with induction 

of inflammatory cytokines and free oxygen radicles from chronic hepatitis, fibrosis, liver 

regeneration, and ultimately cirrhosis.15 This is followed by epigenetic and genetic 

changes including in the DNA repair mechanism.11 HCC can occur without cirrhosis as in 

the case of HBV, when the virus DNA integrates directly into the genome of infected 

cells causing transactivation of host oncogenes,16 and in the case of NASH.17 

 

The mortality rate, another term for the incidence rate for death, is defined as the number 

of deaths [in a specified population, typically 100,000 individuals] divided by the time 

period (typically one year) that this population was under observation.18 The case fatality 

rate (CFR) is the number of deaths due to a disease among those with the disease 

(incident cases). Hence, an increase in mortality in HCC can be due to either an increase 

in disease incidence, an increase in the CFR, or both.19 We know that that there has been 

a dramatic rise in HCC incidence in the US owing to the increased prevalence of hepatitis 

C virus (HCV) infection.20 

 

There are several indications that the survival rate of HCC in the US has increased and 

thus, the CFR has decreased. For example, in a major population-based study of HCC 
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survival in the SEER-Medicare data set, the overall median survival increased from 0.26 

years in 1991-1998, 0.29 years in 1999-2001, to reach 0.44 years in 2002-2005.21 In those 

who received treatment, the median survival times were and 0.91, 1.23, and 1.57, years, 

respectively. In a SEER study, overall median survival in those 60 years and older was 

0.56 years in 1977-1981 which rose to 0.63 in 1992-1996.22 Though these studies cannot 

be compared because of different ages as well as eligibility criteria, it can be observed 

that, in general, the median survival time has been increasing. It is possible that the 

survival time has only increased because of earlier diagnosis, an effect known as lead-

time bias, but this would not affect the mortality rate. Lead-time bias is an incorrect 

impression that a patient survives longer after diagnosis of the disease, when all that 

changed is that a better screening test diagnosed the disease earlier.23 In a rapidly fatal 

disease such as HCC, where early diagnosis and timely surgical intervention can be 

curative, the extension in survival is real, and not merely an artifact of earlier diagnosis.  

 

 It has been reported that in Taiwan, annual CFR declined from 1.6 in 1985 to 0.84 in 

1998,  due to earlier HCC diagnosis and increased cure rates and survival.19 It is logical 

to assume that earlier diagnosis of HCC and subsequent improved curative treatment had 

a similar impact in the US. However, there is a paucity of reports on trends of stage at 

diagnosis. The current study addresses this issue.  

 

B. A Disease of the Elderly 

HCC is predominantly a disease of the elderly. The age-adjusted incidence rate for HCC 

in the United States has tripled in the last few decades, with a rate of 1.3 per 100,000 in 
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1981 rising to 4.9 per 100,000 by 2005.8, 24, 25 The rising trend of HCC incidence is 

expected to continue at least over the next two decades, largely because of the existing 

burden of chronic hepatitis C in an aging American population.21, 25 Recent 

recommendations by the CDC now advocate HCV testing of all persons born between 

1945-1965 given the high prevalence of HCV in this ageing population.26. 

 

C. Identifying Modifiable Factors for Earlier Diagnosis and Improved Survival 

 

The best approach to improve survival in HCC is to detect it at earlier stages when it is 

still amenable to treatment.27-29 By studying predictors of earlier detection, particularly 

factors that can be encouraged or avoided, such as utilization of preventive medical care, 

we may be able to improve earlier detection. Subsequently, after detection of HCC, 

patients need to be provided with appropriate evidence-based management. If a patient is 

treated using non-proven, non-recommended (i.e. based on national guidelines) therapies, 

we may adversely affect clinical outcome and survival. While the positive effect of 

guideline-recommended therapy on HCC survival is well known, the potentially adverse 

effect of non-recommended therapies on clinical outcomes and survival remains largely 

unexplored. 

 

D. Specific Aim I 
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To determine whether receipt of routine non-HCC cancer screening tests in the SEER-

Medicare cohort is associated with earlier histological staging of HCC, and subsequent 

improved survival, and whether this survival is mediated by histological stage of HCC at 

diagnosis. 

 

1. Background 

 

a. Screening  
 

Unfortunately, most cases of HCC are detected at advanced stages when curative 

treatment, such as resection, local ablation, or liver transplantation, cannot be 

employed.30 As a consequence, there is a dismal survival rate among HCC patients of 0-

5% within 5 years.6 The recommended screening for HCC is by ultrasound and serum 

alpha-fetoprotein every 6 months in at-risk patients.28, 31-34 Such screening has been 

shown to improve survival primarily via earlier cancer detection, 35-38 while suboptimal 

screening has been linked to lower detection of HCC, later stage at diagnosis, fewer 

treatment options, and worse survival.38-40 Currently, rates of HCC screening among at-

risk patients are only ~20%,40-43 with most cases being at late and incurable stages.44, 45 

With these facts in mind, it is highly desirable to identify non-modifiable and modifiable 

factors for screening and/or detection of HCC.  

  

b. Factors Associated with HCC Screening and/or Earlier Detection 
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Observational studies have identified a number of preexisting, non-modifiable patient and 

provider factors that are associated with greater screening and earlier stage of HCC at 

diagnosis. Among at-risk patients, being 50-64 years of age (versus <50 years) and/or of 

white race (versus black) was associated with higher rates of HCC screening.41 Those 

with cirrhotic liver disease (versus no cirrhosis);30 underlying liver disease/cirrhosis due 

to alcohol or viral hepatitis (rather than of unknown etiology);39, 46 more severe chronic 

liver disease; less frequent comorbidities;41 and higher levels of total bilirubin and liver 

enzymes30  was associated with greater screening and thus an earlier stage of diagnosis.40 

Other studies looking directly at an outcome of histological stage of HCC at diagnosis 

found that being white (versus black)47 and female, and having cirrhosis of known cause 

(e.g. viral) was associated with earlier47, 48 or smaller HCC at diagnosis.39  

 

Other potentially modifiable determinants of earlier stage of HCC at diagnosis have not 

been sufficiently studied. One of the factors that have been studied is physician specialty. 

Patients being seen by a specialist rather than a non-specialist received better HCC 

screening.34, 40, 43, 46 A potential important, modifiable determinant of earlier cancer 

detection and survival may be increased patient utilization of preventive medical care  

such as periodic or preventive health visits and follow-up with common, often 

recommended screening tests. Such receipt of routine non-HCC cancer screening tests 

administered by non-specialists can affect physician and/or patient behavior, and thus 

influence health outcomes. For example, the discovery of abnormally elevated liver 

enzymes in a routine blood test may necessitate and thus lead to additional testing for 

chronic hepatitis B or C. In turn, further positive tests will lead to assessments for liver 
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cirrhosis and eventually HCC, which ultimately will lead to earlier HCC detection. 

Increased engagement in utilizing routine non-HCC cancer screening tests may further 

encourage patient healthy behavior defined by Rosenstock as “the activity undertaken by 

persons who believe themselves to be healthy, for the purpose of preventing or detecting 

disease in an asymptomatic stage;” and may reinforce the conviction that illness is 

preventable or curable.49 The mechanisms by which utilization of seemingly unrelated 

routine non-HCC cancer screening tests could lead to better outcomes in HCC are 

discussed in further detail below. 

 

c. Prior Literature on the Effects of Utilization of Preventive Medical Care 
 

Healthy patient behavior, including receipt of routine non-HCC cancer screening tests, is 

associated with other healthy behaviors. For example, studies have confirmed the 

association of specific preventive medical care services with other preventive medical 

care services. Rates of colorectal cancer screening are higher among men who report 

prostate cancer screening,50 and among women who report cervical or breast cancer 

screening.51 In a Medicare study, breast cancer screening in women and flu shots in men 

were associated with cervical cancer and prostate cancer screening, respectively, 

irrespective of race and income.52 Similarly, preventive health visits have been associated 

with colorectal, breast, and prostate cancer screening.53 

 

i. Effects on Non-HCC Earlier Cancer Detection, Screening, and Survival 
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Within the SEER-Medicare dataset, Gornick, et al. found that those utilizing routine 

cancer screening tests and/or immunizations within the 2 years prior to the onset of 

cancer, had a lower risk of having advanced cancer stage at diagnosis compared to those 

with less utilization of receipt of routine non-HCC cancer screening tests.54 This 

association was observed, specifically, with breast, colorectal, uterine, prostate, and male 

bladder cancer. The effect this early detection had on mortality was not studied. When 

justifying HCC screening, improved survival, rather than simply stage of cancer at 

detection, is ultimately the most desirable outcome, to ensure that we are not observing 

exclusively stage migration, where more cancers are being detected earlier, in association 

with lead-time bias, rather than an actual improvement in survival.28, 55 This is particular 

relevant in HCC where an otherwise fatal condition can be cured if surgical intervention 

can be implemented at the earliest stages of the disease. 

 

ii. Effects on Earlier HCC Detection, Screening, and Survival 
 

With regards to HCC, studies have focused solely on the effects of HCC screening on 

detection and survival,35, 37, 38, 56-67 but not on whether receipt of routine non-HCC cancer 

screening tests is associated with HCC screening and survival.  Receipt of routine non-

HCC cancer screening tests may be a predictor of better HCC-specific screening or may 

influence earlier diagnosis of HCC and improved survival by another mechanism. It has 

been seen that a higher frequency of clinic visits to hepatologists (as opposed to primary 

care physicians) lead to better HCC screening and survival. These studies, a single center 

hospital-based and a community clinic-based study in Northern California found that 

those patients who were seen more often per year by a liver specialist had a significantly 
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higher likelihood of being screened for HCC.30, 46 These were specialist visits for the 

precise purpose of managing their underlying liver condition, unlike the preventive 

medical care visits for routine non-HCC cancer screening we refer to in our study. Only 

one study by Davila et al. using the SEER-Medicare dataset found an association of a 

higher number of overall physician visits (specialists and non-specialists) 3 years prior to 

HCC diagnosis, with an increased likelihood of receiving routine HCC screening. 

However, unlike our planned study, they did not analyze stage of HCC at diagnosis or 

ultimate survival; and unlike us, they focused on liver specialist visits instead of non-

HCC cancer screening that is known to occur predominantly in preventive medical care 

visits.42   

 

 

iii. An Existing Research Gap 
 

To our knowledge, only one study explored the effects of receipt of routine non-HCC 

cancer screening tests (mammography, pap smear, and colorectal and prostate cancer 

screening tests), and influenza and pneumonia immunization on breast, colorectal, 

uterine, ovarian, prostate, bladder, or stomach cancer stage at detection.54 However, such 

a study would not be generalizable to other cancers. For each of the seven cancers that 

Gornick et al. studied (breast, colorectal, uterine, ovarian, prostate, bladder, or stomach 

cancer), they placed the same covariates in each of their logistic regression models: 

namely age, race, education, geographical location, and socioeconomic status. However, 

it is known, for example, that ovarian cancer is related to certain medications (e.g. 

androgens, clomiphene) and alcohol use, that require additional cancer-specific 
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adjustment.68 Similarly, stomach cancer is related to helicobacter pylori infection and 

autoimmune atrophic gastritis.69 In our case, HCC, has unique etiological factors that 

could potentially confound our results. Our study will be the first to focus on receipt of 

routine non-HCC cancer screening tests with a specific focus on HCC stage at detection 

and survival.  By focusing only on HCC and expanding the study population to those 

diagnosed with cancer in a 4 year period, we increased our sample size and avoided 

ignoring the unique etiologic features of a specific cancer.  

 

 

iv. Potential Mechanisms 
 

It is our hypothesis that receipt of routine non-HCC cancer screening tests will be 

associated with earlier detection of HCC and better survival of elderly patients diagnosed 

with HCC. There are two possible mechanisms theorized for this effect. Routine 

screening tests are frequently requested in association with primary care physician visits 

that, as a rule, are more comprehensive and frequent than specialist visits (whether to 

hepatologists or other specialists).42 This allows repeated opportunities for identifying 

HCC risk factors through routine history taking (e.g. history of intravenous drug use, 

alcohol and HBV/HCV infection), physical examinations (e.g. liver tenderness or 

enlargement), and laboratory studies (e.g. elevated liver enzymes). The relevance of this 

mechanism is underscored by the fact that an estimated 75% of all people with HCV, the 

leading cause of cirrhosis and the principal risk-factor for HCC in the USA, are unaware 

of their infection.70  A second mechanism could be that receipt of routine non-HCC 

cancer screening tests, as a healthy behavior, is associated with other health behaviors 

13 
 



 
 

more directly related to HCC, such as HCC-related preventive medical care (e.g. 

screening), healthier life choices (e.g. avoiding smoking or alcohol use), or even better 

access to medical care. In this case, non-HCC screening is simply a proxy of the ‘real’ 

cause of earlier diagnosis and improved survival. The distinction between these two 

mechanisms is important to consider since in the latter case, increasing non-HCC 

screening utilization would not alter odds of earlier stage of HCC at diagnosis nor 

improve survival. 

  

v. Rationale 
 

Based on the evidence summarized above, our rationale is that increased and regular 

receipt of routine non-HCC cancer screening tests will be positively associated with 

earlier HCC detection and improved survival. If this hypothesis is confirmed, then receipt 

of routine non-HCC cancer screening tests may potentially represent an underutilized 

modifiable factor which could be encouraged and promoted. This may guide policy-

makers on their decisions regarding programs that should be covered by Medicare and 

other governmental and private insurance programs. Those who underutilize routine non-

HCC cancer screening tests may represent at-risk individuals for HCC detection at later 

stages and/or eventual worse survival.    
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E. Specific Aim II 

 

To determine whether guideline-recommended HCC management is associated with 

decreased number of hospital days among HCC patients, and increased survival, 

compared to receiving non-recommended management. 

1. Background  

 

a. The Importance of Guideline-Recommended Therapy 
 

Based on the most recent literature and policy guidelines, in 2011, the Practice 

Guidelines Committee of the American Association for Study of Liver Disease (AASLD) 

released updated recommendations for the management of HCC. The levels of evidence 

range from descriptive epidemiological studies to the gold standard of randomized 

controlled trials.28 Based on these recommendations, the mainstay of treatment for early 

stages of HCC is either surgery, whether (1) resection or (2) liver transplantation; or loco-

regional therapies such as (3) local ablation; and (4) transarterial embolization/ 

chemoembolization (TAE/TACE). All four therapies are curative in small early-stage 

tumors, while the fourth (TAE/TACE) can also be used to reduce tumor bulk in more 

advanced incurable HCC disease stages. These treatment options in early stage HCC 

improve survival considerably, with 3-year and 5-year survival rates of 60–80% and 40–

70%, respectively.1, 2  For those with advanced unresectable HCC, sorafenib (an inhibitor 

of tyrosine protein kinases and Raf) and the management of factors and comorbidities 
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that worsen the prognosis, such as alcohol use, also have a survival benefit.71, 72 No other 

treatments have been proven to improve survival. 

 

b. The Problem of Non-Guideline Recommended Therapy 

 

Adherence to evidence-based, guideline-recommended HCC treatment should be 

important to avoid unnecessary medication side effects, improve quality of life, and 

ultimately, survival in HCC patients. Non-guideline recommended treatment is that 

which is not recommended by the AASLD national guidelines because of a lack of 

evidence of survival benefit, or for harms that outweigh benefits. Patients with HCC 

commonly receive non-recommended treatment in the clinical setting.28  

 

For example, the AASLD  does not recommend systemic or selective intra-arterial 

chemotherapy, apart from the minority of patients who receive sorafenib or TACE 

(which are recommended for certain patients) for the management of HCC.28 

Nevertheless, HCC patients still frequently receive systemic chemotherapy in the clinical 

setting.28, 73 Notably, “non-recommended therapy” includes the delay in therapy, or 

complete absence of therapy when it is recommended, namely in early-stage HCC.21, 74 

Previous studies on Medicare patients showed that more than half of patients with known 

early-stage HCC did not receive treatment; and this was not due to a lack of insurance 

since these patients all had Medicare.21, 74 
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c. Prior Literature on the Effects of Guideline-Recommended Therapies Compared to 
Non-Recommended Therapies 

 

i. In Early-Stage HCC (Stage I and II) 
 

Stage in our study is described in detail in the Methods section, and was defined 

according to the American Joint Committee on Cancer (AJCC)/TNM (Tumor-Node-

Metastases) 6th Edition  HCC staging system.75 76 Early-stage HCC, defined as Stage I 

and II, can be curatively treated by resection.28 If the patient has liver cirrhosis and portal 

hypertension, then this patient should receive a liver transplantation (LT). If there are 

associated comorbidities that preclude being a surgical candidate, then local ablation 

(LA) is recommended as a ‘bridge’ until transplantation becomes available.28 Thus, an 

absence of treatment is not recommended.28 Similarly, systemic chemotherapy is never 

recommended, for any stage of HCC.  

 

Among patients who have undergone hepatic resection, pretreatment with 

chemoembolization or portal vein embolization of the affected hepatic lobe has been 

shown to offer no survival benefit.77 In fact, it has even been suggested that such 

treatment may induce tumor progression.28 Thus, since there is no proven survival benefit 

and a risk of procedural and medication adverse events, such investigational therapies 

would not be recommended.  

 

Post-resection treatment is administered to potentially reduce the risk of recurrence, 

which occurs in greater than 70% of patients within 5 years.78, 79 However, treatments 
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such as adjuvant chemoembolization or systemic chemotherapy have not been shown to 

be effective and thus should not be given.28 Though post-resection adoptive 

immunotherapy by activated lymphocytes,80 retinoid administration,81  and interferon 

therapy82, 83 have shown some anti-tumor efficacy, since the effects on survival are yet to 

be validated, these are not yet guideline-recommended.28 

 

AASLD guidelines recommend ‘consideration’ of therapy for patients on the waiting list 

for a liver transplantation, on condition that the waiting time already exceeded six 

months, or it is expected to take longer than six months.28 However, there is a lack of 

properly controlled cohort studies or well-designed randomized controlled trials to assess 

cost-effectiveness or survival by comparing resection or loco-regional therapies 

(including TAE/TACE and LA) to no therapy (control group). TAE or TACE is 

frequently administered for waiting list patients because it has been shown to reduce 

tumor burden and delay tumor progression.84 Statistical modeling has shown that LA in 

patients who are listed for longer than six months is cost-effective.85 Pre-transplantation 

systemic chemotherapy has shown mixed results, with the most recent data showing that 

it does not improve survival,86, 87 and  not recommended to administer therapy to 

transplant list patients before six months have lapsed, or if the transplantation is expected 

to take longer than six months.28 However, despite this latter recommendation, clinicians 

will be reluctant to not attempt treatment immediately upon entry into LT waiting list 

since the expected time on the list usually unknown (co-author [CH] experience). 
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Also, there is insufficient evidence to either recommend or reject post-transplantation 

immunosuppression (sometimes coded as chemotherapy) for the purpose of retarding the 

growth of tumor nests that have spread before the surgery.28 Thus, for the purpose of our 

study, we will not consider immunosuppression (i.e. chemotherapy) after LT as non-

guideline recommended.   

 

To our knowledge, there is an absence of studies comparing guideline-recommended 

treatments in early-stage HCC, as described above, to no treatment.28 This will be the 

first study to compare recommended therapy (surgical resection/LT, LA, or TAE/TACE) 

to non-recommended therapy (no treatment, chemotherapy, or investigational therapies).  

 

 

ii. In Intermediate and Advanced-Stage HCC (Stage III and IV) 
 

Only TACE and sorafenib have been shown to increase life expectancy in non-curative 

intermediate and advanced stages of HCC (Stage III and IV).88 Though sorafenib has 

been shown in a randomized controlled trial to improve survival in those with advanced 

HCC, whether sorafenib is effective in a non-experimental situation in terms of reducing 

complication rate and improving survival remains unknown.89 There is no evidence of 

any survival benefit with selective intra-arterial chemotherapy with any agent.88, 90 

  

Similarly, systemic chemotherapy has no effect on survival.91, 92 Nevertheless, systemic 

chemotherapy, particularly doxorubicin, is commonly administered by clinicians. Also, 

such agents are commonly given to the control group in randomized controlled clinical 
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trials, and often misrepresented as a ‘placebo’. Since a control group therapy should, by 

definition, either be a harmless placebo (if there is no standard of care), or the guideline 

recommended standard of care, this practice is unethical because of the significant 

adverse events associated with these medications.28   

 

Likewise, no survival benefit has been demonstrated with octreotide,90, 93, 94 interferon,95 

external radiation,96 tamoxifen,97-102 anti-androgenic therapy,103-105 or megestrol106 and 

thus are also not recommended.28 Though radioembolization through intra-arterial 

injection of lipiodol-I-131 or Yttrium-90 labeled microspheres are still being tested in 

clinical trials, they are not currently recommended for treatment of advanced HCC.28, 107-

109   

  

Thus, systemic chemotherapy (apart from sorafenib), selective intra-arterial 

chemotherapy (not including TACE), and/or other therapies are not recommended for 

standard of care in intermediate and advanced-stage HCC (Stage III and IV).  

 

 

iii. Research Gaps 
 

There is a paucity of studies comparing the effects of recommended HCC therapies (i.e. 

surgical resection, LT, LA and TAE/TACE) with each other or with a no-treatment 

control arm.28 Our study compares treatment scenarios that are guideline-recommended 

with those that are not, which included, depending on the recommendations, comparing 

curative treatments with each other, as well as an analysis of a no-treatment category. Our 
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analysis was limited to comparing treatments that may be guideline-recommended to 

treatment strategies that are definitely not recommended.  

  

It should be noted here that we did not explore the reasons for receipt of non-

recommended treatment, e.g. why the patient’s physician prescribed such therapy. While 

the cause behind the choice of therapy is likely a complicated decision process based on a 

combination of physician and patient factors, such an inquiry is a different research 

question. Moreover, physician’s attitudes, perspectives and prescribing behaviors would 

not be available in this dataset, and would better be addressed through a prospective 

study with specific questionnaires targeting the prescribing physicians of a cohort of 

HCC patients.  

  

The categorization of recommended and non-recommended treatments by tumor 

characteristics is discussed in detail in the Methods Section in the Statistical Analyses 

below.  

 

In early stage HCC (Stage I and II by AJCC/TNM), resection, LT, LA, or TAE/TACE 

were guideline-recommended treatments, while no treatment was considered outside of 

guidelines. Frequently in clinical practice and within our analyses, a patient received both 

recommended and non-recommended treatments. Thus, receiving resection alone was 

recommended while receiving pre- or prost-resection treatment, whether 

chemoembolization, portal vein embolization, or chemotherapy was not. In those who 

underwent LT, post-LT adjuvant therapy with systemic chemotherapy or 

21 
 



 
 

immunosuppression was neither recommended nor rejected compared to no treatment as 

per guidelines. Thus, we did not compare the effects of these two approaches on 

complications and survival. 

  

In intermediate HCC (Stage III AJCC/TNM), TACE/TAE was considered guideline-

recommended. This was compared to a non-recommended approach of either no 

treatment or other treatments including systemic chemotherapy, tamoxifen, anti-

androgens, and octreotide; hepatic artery ligation/embolization; radioembolization with 

Yttrium-90-labeled glass beads; and/or selective intra-arterial chemotherapy . 

  

In stage IV HCC, the only recommended management was to not treat. Sorafenib was not 

included in the analyses, since the observation period of this study (2004-2007) did not 

completely span its time of recommendation and availability. Sorafenib was officially 

recommended for the treatment of advanced liver cancer by the Food and Drug 

Administration November, 2007.110 Non-recommended treatments included treatments 

recommended only for earlier stages including resection, LT, LA, and TAE/TACE as 

well as experimental therapies as tamoxifen, anti-androgens, octreotide, hepatic artery 

ligation/embolization, radioembolization with Yttrium-90-labeled glass beads, and/or 

systemic or selective intra-arterial chemotherapy. 

 

d. Rationale for this study 
 

It was our goal to determine whether, on a population-based level, guideline-

recommended HCC treatment lead to fewer adverse events and improved survival, 
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compared to receiving inappropriate, non-recommended therapy.  Our hypothesis was 

that guideline-recommended treatment would indeed be associated with fewer adverse 

events and, as a rule, improve survival compared to non-guideline recommended 

treatment. This would have clinical relevance in underscoring the need by clinicians to 

follow evidence-based, guideline-supported HCC treatment, and avoid non-

recommended management.  
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F. Research Design and Methods 

 

1. Study Design 

This was a retrospective cohort study utilizing the SEER-Medicare dataset. All analyses 

were approved by the University of Maryland Institutional Review Board Protocol #HP-

00050251 and by the National Cancer Institute.  

 

2. Eligibility 

Eligible participants were those with an initial diagnosis of HCC from the years 2004 

until 2007 based on specific HCC histology codes (International Classification of 

Diseases for Oncology, 3rd Edition [ICD-O-3] site C22.0 and histology codes 8170, 

8171, 8172, 8173, 8174, and 8175).111 The eligibility and exclusion criterion are 

described in detail below.   

 

3. Data Source 

 The National Cancer Institute’s linked Surveillance, Epidemiology, and End Results 

(SEER) - Medicare database (SEER-Medicare) was the primary source of data for this 

dissertation project. The SEER-Medicare database was developed in 1991 via the linkage 

of two large population-based and complementary data sources: SEER registry data and 

Medicare enrollment and claims files.112, 113 
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The SEER program of the National Cancer Institute (NCI) is comprised of 17 

population-based cancer registries within all geographic areas of the United States, 

representing 26% of the US population. Cancer incidence and survival data are collected, 

including demographic characteristics, dates of diagnosis, cancer-specific data (e.g., 

histology, stage, and grade), and treatments recommended or provided within 4 months 

of diagnosis. There is data for vital status which has been obtained from data collected by 

the National Center for Health Statistics. There is no information in SEER about use of 

screening or diagnostic tests, treatment provided more than 4 months after diagnosis, 

comorbidities, or disease status (apart from vital status).114  

  

Medicare is a federally funded program that is the source of primary health insurance to 

Americans 65 years and older in the United States.114, 115 Most (97%) of Medicare 

beneficiaries have Part A coverage which includes hospital, nursing home, hospice, and 

home health care; and most of these (96%) are also enrolled in Part B, which covers 

physician and outpatient services, durable medical equipment, and certain medications, 

including a variety of oral and intravenous chemotherapeutic agents. With most 

beneficiaries opting for fee-for-service (FFS) care, only a minority of beneficiaries have 

Part C (Medicare managed care) which is a health maintenance organization (HMO) 

plan. Since 2006, there has been increasing participation in the optional Part D plan 

which covers prescription drugs, so that, in 2008, The Centers for Medicare & Medicaid 

Services reported that approximately 60% are actively enrolled.115 
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The linking of both SEER and Medicare files as the SEER-Medicare database was 

initiated in 1991 but has continued to expand via linkage updates every 3 years. The 

purpose of this linkage was to broaden the utility of the SEER database in health service 

and health outcomes research. With data that is reported by health providers as Medicare 

claims, information became available on utilization of health services.114 When the 

linkages are updated every 3 years, only cancer cases diagnosed 2 years earlier are added 

since there is a delay in the reporting of cancer cases to the SEER program. Thus, at the 

time of this study, the most recently released data contained SEER cases that were 

diagnosed through 2007 with associated Medicare claims through December 31, 2009.114  

  

The NCI provides nine data files linked by unique encrypted patient identifiers. Together, 

these provide a rich source of clinical data as well as associated health resource 

utilization claims per patient, with each file containing information from different 

services offered through Medicare Parts A, B, and D. Therefore, variables used in this 

study were obtained from various files.114 A summary of the files with the key 

information within the file as it relates to this study is shown in Table 1. Compared with 

the elderly population in the United States the SEER-Medicare population has a similar 

age and sex distribution and is more likely to live in urban and affluent areas but has a 

smaller proportion of nonwhite individuals.116 
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Table 1: Summary of SEER-Medicare Data Files117-119 Utilized in the Analyses 

File:  Information Included and Use In Study: 

SEER-BASED FILES (ENTITLEMENT FILES): 

PEDSF 

 

Patient Entitlement 

and Diagnosis 

Summary file 

Used to obtain tumor characteristics at time of diagnosis 

including stage as well as basic demographics on cancer cases 

including date of death  (via linkage with the National Death 

Index), and socioeconomic information from the Census (for use 

in determining SES).120 Date of diagnosis was obtained from 

Medicare files below unless it was missing upon which it was 

obtained from here. 

MEDICARE-BASED FILES (CLAIMS FILES): 

MEDPAR 

 

Medicare Provider 

Analysis and 

Review 

Part A claims: hospitalization information with up to 10 

diagnostic and procedure codes per admission (used for 

identification of therapies). 

NCH 

 

Carrier Claims / 

National Claims 

History 

Part B claims (non-institutional services). Source of procedure 

codes (including screening tests and treatments), diagnoses, 

dates of claims, and chemotherapy administration (including 

which agents used).  

OUTPT 

 

Part B claims from institutional outpatient services with similar 

information as above. Was used to obtain dates of diagnosis as 
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Outpatient files well as various diagnosis and procedure codes for routine non-

HCC cancer screening tests, treatments, risk factors, and other 

covariates. 

 

 

4. Specific Aim I 

To determine whether utilization of preventive medical care, namely, routine non-HCC 

cancer screening, in the SEER-Medicare cohort is associated with earlier histological 

stage of HCC at diagnosis (Aim I.a.) and improved survival (Aim I.b.); and, if there is a 

survival effect, whether this effect [on survival] is mediated by histological stage at 

diagnosis (Aim I.c.).  

 

a. Exclusion criteria  
 
Medicare overwhelmingly covers only patients 65 years and older, except for disabled 

patients or those with end-stage renal disease. Since our exposure (non-HCC cancer 

screening tests) was identified within patient data in the 2 years prior to HCC diagnosis, 

patients who were diagnosed before 67 years of age were excluded (since there would not 

be a complete 2 year observation period for exposure). A two year interval prior to 

diagnosis was selected to allow sufficient time for the commonest non-HCC screening 

tests to be completed: namely, screening mammography in women which is 

recommended for those aged 50 to 74 years biennially,121 and PSA in men which is 

covered annually by Medicare.122  Those who had prior gastric, colo-rectal, lung, 

pancreatic, breast, or prostate cancer were excluded to ensure that the HCC was not 
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misclassified as metastases from one of these cancers. Those whose HCC diagnosis was 

not confirmed with either microscropic or radiological examination or had no 

corresponding AJCC staging (i.e. those diagnosed before the year 2004 before the AJCC 

staging was implemented by SEER) were also excluded. Finally, patients who were 

discontinuously enrolled in Medicare Parts A and B in the two years before diagnosis 

were excluded. Microscopic confirmation was based either on positive histology, 

exfoliative cytology, or unspecified type of microscopic confirmation.(Figure 1) 

 

Figure 1: Flow Chart of Aim 1 Sample Exclusions 
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b. Exposure of Interest 
 
The exposure of interest was receipt of routine non-HCC cancer screening tests. The 

specific routine non-HCC cancer screening tests included colorectal cancer (CRC) 

screening, screening Pap smear and mammography for women; and prostate-specific 

antigen (PSA) testing for men. 

  

Screening tests were identified in the NCH (inpatient) and OUTPT (outpatient) files 

(Table 1) through the use of procedure and associated diagnosis codes. These codes 

included Healthcare Common Procedure Coding System (HCPCS) Level I (based on the 

Common Procedure Terminology [CPT] Coding System) and Level II codes; and 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-

CM) procedure and diagnosis codes.  

  

CRC tests included sigmoidoscopy, colonoscopy, and barium enema based on the codes 

enumerated in Appendix I. For mammography, CPT codes 76090–76092, G0202–G0207, 

G0236, and ICD-9-CM code V76.12 were identified.123 For screening pap smears, the 

HCPCS codes P3000-P3001 (screening) were used.124 PSA use was identified by the 

CPT code G0103 and the ICD-9-CM code V76.44.122  

 

i. Criteria of Selection 
 

Only screening tests that were done in the two years before the diagnosis of HCC were 

counted.  In general, tests that were associated with diagnoses codes were assumed to be 

done for diagnostic and not screening purposes, and were, therefore, not counted as 
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screening tests. Those individuals with ICD-O-3 site code for prior cancers before the 

index date (the date HCC was diagnosed) were excluded (see below). Thus there were no 

screening tests associated with histology ICD-O-3 site code for the respective cancers 

though other diagnoses and procedure codes may have indicated suspected cancer.   

  

 

With regards to the counting of specific screening tests, the following criteria were 

employed: 

 

• CRC Screening 
 

CRC tests were not considered screening tests if the presence of CRC was suspected as 

evidenced by ICD-9 codes for CRC and/or other known pre-cancerous or early conditions 

that confer a higher risk of CRC, including carcinoma in-situ, other digestive tract 

cancers, ulcerative colitis, diverticulitis, and regional enteritis, in the year preceding the 

test, as previously described.125   

 

• Pap Smears 
 

Pap smears were not considered screening tests if associated with diagnosis codes for the 

specific medical conditions enumerated in Table 2 below.  

 

31 
 



 
 

Table 2: CPT And ICD-9 Codes for Medical Conditions Indicating Pap Smears 

were for Diagnostic Rather than for Screening Purposes 

CPT Codes  Associated ICD-9 Codes Indicating 

Diagnostic Pap Smears 

88150 Cytopathology, smears, cervical or vaginal 

(e.g., Papanicolaou), up to three smears;  

screening by technician under physician 

supervision; or  

88151 Cytopathology, smears, cervical or vaginal 

(e.g., Papanicolaou), up to three smears; requiring 

interpretation by physician.  

88156 Cytopathology, smears, cervical or vaginal 

(the Bethesda System (TBS) up to  

three smears; screening by technician under 

physician supervision; or  

88157 Cytopathology, smears, cervical or vaginal 

(the Bethesda System (TBS) up to three smears; 

requiring interpretation by physician. 

 

 

219.1 Corpus uteri  

219.8 Other specified parts of uterus  

219.9 Uterus, part unspecified  

233.1 Cervix uteri  

233.2 Other and unspecified female genital organs  

614.9 Unspecified inflammatory disease of female 

pelvic organs and tissues  

616.0 Cervicitis and endocervicitis  

616.1 Vaginitis and vulvovaginitis  

616.9 Unspecified inflammatory disease of cervix, 

vagina, and vulva  

622 Noninflammatory disorders of cervix  

622.0 Erosion and ectropion of cervix  

622.1 Dysplasia of cervix (uteri)  

622.2 Leukoplakia of cervix (uteri)  

623.1 Leukoplakia of vagina  

623.5 Leukorrhea, not specified as infective  

625.0 Dyspareunia  

625.3 Dysmenorrhea  

626.0 Absence of menstruation  

627.0 Premenopausal menorrhagia  

627.1 Postmenopausal bleeding  

795.0 Nonspecific abnormal Papanicolaou smear of 
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other site  

795.1 Nonspecific abnormal findings on 

chromosomal analysis  

Adapted from: Carriers Advisory Committee (CAC). Medicare: Pap Smear, Diagnostic and Screening Medicare News: 

The University of Mississippi Medical Center, 1995. http://www.library.umc.edu/Medicare/medi-papsmear.html. 

Accessed September 20, 2011.  

 

• Mammograms 
 
Mammograms performed in women were not counted as screening tests if there was a 

prior diagnosis of breast cancer (whether via ICD-9-CM codes 174.0-9) on or before the 

index date. Also mammograms associated with ICD-9-CM and CPT codes for breast 

cancer surgeries before the index date were not counted as screening. These codes were 

identified based on previous literature and are enumerated in Table 3.126 

 

Table 3: Procedure Codes for Breast Cancer Surgeries 

Surgery Types of Surgeries Associated Billing Codes 

Breast-

Conserving 

Surgery 

Segmental/Subtotal Mastectomy, 

Lumpectomy, Quandrantectomy, 

Tylectomy, Wedge Resection, Nipple 

Resection, Excisional Biopsy, or 

Partial Mastectomy, Not Otherwise 

Specified 

ICD-9-CM procedure codes: 

85.20-85.23   

 

CPT codes: 19120, 19125, 

19126, 19160, 19162 

Mastectomy Subcutaneous, Total (Simple), 

Modified Radical, Radical, or 

ICD-9-CM procedure codes: 

85.41, 854.2, 854.3, 85.44, 
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Extended Radical Mastectomy 85.45-85.48   

 

CPT codes: 19240, 19220, 

19180, 19182 

ICD-9-CM: Internal Classification of Disease, 9th revision, Clinical Modification; CPT: Current Procedural 

Terminology. 

Adapted from: Haggstrom DA, Quale C, Smith-Bindman R. Differences in the quality of breast cancer care among 

vulnerable populations. Cancer 2005;104:2347-2358. 

 

• PSA testing 
 
PSA tests in men were not counted if there were ICD-9-CM codes (185.x) suggestive of 

prostate cancer on or before their index date. Also, the PSA was not counted as screening 

if it was associated with CPT codes before their index date indicating that they had 

undergone prior radical prostatectomy, radical cystectomy (cystoprostatectomy), bilateral 

orchiectomy, prostate biopsy, or brachytherapy; or had a procedure commonly used in a 

diagnostic or staging workup for prostate cancer.127 In these cases, the PSA was assumed 

to be done for diagnostic purposes.  

 

ii. Operationalization 
 
Screening was analyzed as a binary variable (0 or ≥1 screening tests) separately in men 

and women (stratified by sex) since many of the screening tests were gender-specific. 

 

  

c. Outcomes of Interest 
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i. Aim I.a. 
 
For Aim I.a., histological stage of the tumor at diagnosis was the outcome variable. Stage 

was defined according to the AJCC/TNM staging system.75 Data for stage was obtained 

from the SEER file (i.e. PEDSF) as seen in Table 1.  Those who were of unknown stage 

were analyzed as a separate stratum.  

  

We initially explored histological stage as a categorical variable with its four natural 

categories according to the AJCC/TNM system:76  

 

1) Stage I: Single tumor of any size that has not grown into any blood vessels. 

Tumor has not spread to nearby lymph nodes or distant sites;  

 

2) Stage II: Either a single tumor of any size that has grown into blood vessels OR 

several tumors all 5 cm (2 inches) or less in diameter. The cancer has not spread 

to nearby lymph nodes or distant sites; 

 

3) Stage III A-C: Several tumors with at least one larger than 5 cm (2 inches) across. 

The cancer has not spread to nearby lymph nodes or distant sites (IIIA); at least 

one tumor is growing into a branch of the major veins of the liver (portal vein or 

hepatic vein). The cancer has not spread to nearby lymph nodes or distant sites 

(IIIB); tumor growing into a nearby organ (other than the gallbladder) OR a tumor 

has grown into the outer covering of the liver. The cancer has not spread to nearby 

lymph nodes or distant sites (IIIC); 
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4) Stage IV A-B: Tumors of any size or number have grown into blood vessels or 

nearby organs. The cancer has invaded nearby lymph nodes. The cancer has not 

spread to distant sites (IV.A); cancer has spread to other parts of the body 

regardless of size, number, and involvement of nearby lymph nodes (IV.B).  

 

Based on the exploratory analyses, it was decided to dichotomize this variable so that:   

1) Non-Late Stage: For stages I, II, and III; and  

2) Late stage: For stage IV.  

An additional analysis was also done where this variable was dichotomized into: 

1) Early Stage: For stages I and II; and  

2) Late stage: For stages III and IV 

 

ii. Aim I.b.  
 
 In Aim I.b., our dependent variable was mortality as part of a discrete time survival 

analyses. Survival time was calculated from the time of diagnosis until either the date of 

death, discontinuity in enrollment in Medicare Parts A and/or B and/or enrollment in an 

HMO plan, or the end of the study.  The date of death was obtained primarily from the 

Medicare files and if it was missing was obtained from the PEDSF (Table 1). The date of 

last follow-up for those who did not die was December 31, 2009 (last date of claims). 

 

iii. Aim 1.c. 
 
This was a decision made based on observing the effects of the exposure variable receipt 

of routine non-HCC cancer screening tests on both aforementioned outcome variables, so 
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as to decide if stage at diagnosis mediated the effects of receipt of routine non-HCC 

cancer screening tests on survival. Thus there was no separate outcome variable for this 

subaim. 

 

d. Covariates 
 
Covariates included the sociodemographic variables of age, race, geographic region 

based on SEER registry, type of residence, income and high-school education based on 

census tract, and marital status; year of diagnosis; pre-exisiting medical conditions; and 

smoking. Pre-exisiting medical conditions included hepatitis C (HCV), B (HBV), and 

unspecified viral infection, alcoholic liver disease, hemachromotosis, Wilson’s disease, 

smoking, impaired fasting glucose/diabetes mellitus, and Charlson Comorbidity Index 

(CCI).  

 
i. Age 

Age was categorized into approximate five-year intervals  ≤ 70, >70-75 , >75-80 , and 

>80.  

 

ii. Race 

The race categories in the study where based on the SEER race variable with some 

modification, where we included Whites, Blacks, Asians, Hispanics, and Other, as 

reported in SEER but included all other strata into the Other stratum, i.e. Native 

Americans and Unknown.128 

 

iii. Geographic Region 
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 This was based on geographic location of the SEER registry and was divided into 9 

groups. East North Central was Detroit; West North Central was Iowa; South Atlantic 

was Atlanta and Rural Georgia; East South Central was Kentucky; West South Central 

was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; Pacific was 

Greater California, San Francisco, San Jose, Los Angeles, Seattle, and Hawaii; and 

Mountain was New Mexico and Utah. 

 

iv. Type of Residence 

This variable distinguished between metropolitan (metro) and non-metropolitan counties 

based on the official classification of metro status of the US Department of Agriculture, 

Office of Management and Budget which were applied to the 2000 Census. This 

classification was based on population size, degree of urbanization and adjacency to a 

metro area. A metro county had an urban core with a population of at least 50,000 

persons. Otherwise, urban counties with cores have less than 50,000 or rural counties 

were classified as non-metro.129 This was a dichotomous variable: metro versus non-

metro.  

 

v. Income 

Income was based on zip code and census tract level and was not available at an 

individual level. Priority was given to the median Income for census tract based on the 

2000 Census Bureau survey. If this was missing, then income was obtained from the 

median household income for zip code. If both were missing, then income was obtained 

from per capita income for census tract based on the 2000 Census Bureau survey. If that 
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was missing, then income was obtained from per capita income for zip code. If all of the 

above were missing, then income was assumed to be of the lowest category.  This 

hierarchy of income selection was based on the work of Shah et al.21 This variable was 

categorized as follows:  ≤$20,000, >$20,000-40,000, >$40,000-60,000, >$60,000-80,000, 

>$80,000-100,000, and >$100,000.  

 

vi. High-School Education 

This variable was populated based on the percentage of persons 25 years or older with a 

high school education only in the census tract (Census 2000). Hence, a higher percentage 

in this variable indicates that more people have a high-school education only, with fewer 

people having an education beyond high-school. If this was missing, then we used the zip 

code level data. If both were missing, it was assumed that the individual resided in the 

category with the highest high-school education only per census tract/zip code. 

 

vii. Marital Status 

Based on the documented marital status at the time of the diagnosis of HCC in the 

PEDSF, marital status was categorized into married, unmarried (which included 

divorced, separated, widowed, and never-married), and unknown. Population-based 

studies have not shown any significant differences in mortality between never-married, 

divorced, separated, and widowed individuals.130 This variable was meant to be an 

indicator of social support.  

 

viii. Year of Diagnosis 
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This variable indicated the year of HCC diagnosis obtained from the PEDSF, and as 

explained above was limited to 2004-2007. 

 

ix. Preexisting Medical Conditions  

For HCV infection, the following ICD-9-CM codes were identified: 070.41, 070.44, 

070.51, 070.54, 070.7, V02.62; HBV infection: 070.2, 070.3, 070.42, 070.52, V02.61; 

and unspecified viral hepatitis: 070.40, 070.45, 070.4, 070.9, 070.5, 070.53, 070.59, 

070.49. To identify alcoholic liver disease, we identified alcoholic fatty liver disease 

(571.0), alcoholic hepatitis (571.1), alcoholic cirrhosis of the liver (571.2), alcoholic liver 

damage (571.3), or the combined presence of unspecified cirrhosis (571.5, 571.6) with 

alcoholism or other alcohol-related disorders (303, 305.0, V11.3, V79.1, 291).131 

Impaired fasting glucose or diabetes mellitus was identified via: 250, 790.2, 790.21, 

790.22, 790.29.132  

  

The Charlson Comorbidity Index (CCI) was meant to reflect the individual’s co-existing 

illnesses that may be confound the effects seen on our outcomes of interest.133  We used 

the Deyo and Romano adaptation of the CCI and, since liver cancer is the disease of 

interest, chronic liver disease and cancer were not included in the calculation.134, 135  A 

total of 22 conditions are utilized to score the CCI, which has been shown to predict ten-

year mortality.133 Scores depend on the effect each condition would have on survival 

ranging from 1 (least) to 3 and 6 (worst). A score of 1 is given to each of the following: 

myocardial infarct, congestive heart failure, peripheral vascular disease, dementia, 

cerebrovascular disease, chronic lung disease, connective tissue disease, ulcer, chronic 
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liver disease. A 2 for each of: hemiplegia, moderate/severe kidney disease, diabetes, 

diabetes with complication, tumor, leukemia, lymphoma; and a 3 each for moderate or 

severe liver disease. Finally, a 6 is given for a malignant tumor, metastasis, and/or AIDS. 

Comorbidities were searched for within the two years preceding the HCC diagnosis in the 

hospital (MEDPAR) and physician (NCH) and outpatient (OUTPT) files. This variable 

was categorized into quartiles: 0, 1, 2, or 3 ≤, as previously described.21  

 

 

e. Statistical Analysis 
 
All analyses was performed using SAS version 9.2 (SAS Institute, Cary, NC) directly on 

the UNIX server containing the source dataset. P-values were treated as a continuous 

measure of evidence. 

 

i. Aim I.a. 
 
For Aim I.a., we initially explored stage as a 5-level categorical dependent variable (i.e. I, 

II, III, IV, unknown) using multinomial logistic regression. With stage IV HCC as the 

reference group, we carried both unadjusted and fully adjusted models to determine the 

effect of receipt of routine non-HCC cancer screening tests on an earlier stage compared 

to stage IV. Though we did not find an association between receipt of routine non-HCC 

cancer screening tests among the different stages, we noted that there was a trend toward 

less receipt of routine non-HCC cancer screening tests among stage IV than earlier 

stages, particularly in females. We then chose to operationalize stage as a dichotomous 

variable with stages I-III (non-late HCC) in one stratum and stage IV (late HCC) in 
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another. Univariate analyses were conducted using Chi-square to detect differences in 

likelihood a patient be diagnosed at a non-late stage versus late stage among those who 

receive routine non-HCC cancer screening tests versus not. Logistic regression was used 

for multivariable analyses.  Odds ratios and 95% confidence intervals were reported.  

 

We also performed a separate analysis operationalizing stage as early (stage I/II) and late 

(stage III/IV) based solely on that, from a clinical standpoint, having the cancer 

diagnosed at stage I/II has a greater survival benefit than having the cancer diagnosed 

beyond stage II.  Univariate analyses were also conducted using Chi-square to detect 

differences in likelihood a patient be diagnosed at a early stage versus late stage among 

those who receive routine non-HCC cancer screening tests versus not; as well as logistic 

regression was used for multivariable analyses.   

 

 

ii. Aim I.b. 
 
For Aim I.b., survival by receipt of routine non-HCC cancer screening tests and 

covariates was estimated using the Kaplan-Meier method. Risk of death was estimated 

using Cox proportional hazards regression models, both unadjusted and fully adjusted for 

all covariates.  Hazard ratios (HR) and 95% confidence intervals (95% CI) were reported.  

 

iii. Aim I.c. 

The objective of this analytic aim was to determine if the relationship between receipt of 

routine non-HCC cancer screening tests and survival, if present, was mediated by stage of 
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HCC at diagnosis, and to what degree. The conditions of mediation as put forth by Baron 

and Kenny are that: first, that the independent variable (receipt of routine non-HCC 

cancer screening tests in this case) predicts the dependent variable (survival here); 

secondly, that the independent variable predicts the potential mediator (stage at diagnosis 

in this case); and finally, that the mediator (i.e. stage) significantly predicts the dependent 

variable (survival) after adjusting for the independent variable, receipt of routine non-

HCC cancer screening tests.136 We therefore determined the presence of mediation via 

examining the findings in Aims I.a. and I.b.  

 

5. Specific Aim II 

To determine whether guideline-recommended HCC treatment is associated with 

decreased hospitalization (as a proxy for adverse events) and improved survival among 

HCC patients, compared to receiving non-recommended therapy. 

 

a. Exclusion criteria 
 
Those patients who were diagnosed before 66 years of age were excluded (since there 

would not be at least one year of claims by which to determine CCI). Again, those who 

had prior gastric, colorectal, lung, pancreatic, breast, or prostate cancer, those whose 

HCC diagnosis was not confirmed with either microscopic or radiological examination, 

and/or those with unknown AJCC stage were excluded. Patients who were 

discontinuously enrolled in Medicare Parts A and B one year before diagnosis were 

excluded to ensure that there was at least one year of continuous claims needed to 

calculate CCI (Figure 2). 
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Figure 2: Aim 2 Sample 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

b. Exposure of Interest 
 
The exposure of interest was AASLD guideline-recommended therapy which varied by 

the AJCC stage of HCC, the size/nodularity of the HCC, and the presence of cirrhosis.  

Because of the importance of these variables (stage, size/nodularity, cirrhosis) and their 

clinical effect modification, all analyses were stratified accordingly. Stratification and 

types of analyses that were performed are outlined below in Table 4.  
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The question of whether a specific HCC treatment (or lack thereof) was or was not 

guideline-recommended was defined by recommendations from the AASLD, as has been 

described Chapter 1 above. Recommendations were based on the most recent AASLD 

recommendation guidelines (2011) despite our sample population that were diagnosed 

with HCC and treated from years 2004-2007 (though treatment has been reported as far 

as 12/31/2009). It may be noted that it would be unfair to judge whether a therapy is 

recommended or not when the recommendations were not even released or made at the 

time of treatment. However, it should be clarified that whether a treatment has been 

recommended by the physician or not is not the research question of interest. We sought 

only to compare different treatment groups and then classify, post-event, whether it is 

recommended or not. This is not a study analyzing predictors of recommended therapy 

but simply a comparative effectiveness study of various treatments. Thus which 

recommendations we used has no influence on the study results. Nevertheless, the reader 

should know that overall the recommendations pertinent to this study did not change 

whether we used the current (2011) or the previous (2005) recommendations except for 

sorafenib which is currently recommended for advanced HCC.28, 32  . Sorafenib was not 

included in the analyses, since the observation period of this study (2004-2007) did not 

completely span its time of recommendation and availability. Sorafenib was officially 

recommended for the treatment of advanced liver cancer by the Food and Drug 

Administration in November, 2007.110 Thus, for the purpose of this study, whether we 

used the previous or current AASLD recommendations was a nonissue. 
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Briefly, among Stage I HCC, surgery (liver transplantation [LT] or resection) and/or local 

ablation (LA) is recommended if the size is less than 5 cm and there is no cirrhosis; 

however, once cirrhosis occurs, resection is no longer recommended. For those ≥5 cm,  

LT is no longer recommended though now TACE (as well as LA) is considered 

recommended; if there is no cirrhosis, resection could also be utilized. In stage II HCC, if 

it is a single mass, resection and/or LA is the recommended path; while if there are 

multiple masses, TACE is the only recommendation. Finally, in stage III and above, no 

treatment is recommended. Any other treatment is considered non-recommended per the 

AASLD recommendations.   

 

ICD-9-CM procedure and HCPCS codes that indicated the above therapies were 

identified from the MEDPAR (hospital inpatient), physician (NCH), and outpatient files. 

(Table 5). Codes for systemic or selective intra-arterial chemotherapy are listed in Table 

6. Specific chemotherapeutic agents were identified from the hospital outpatient and 

physician bills.137 Table 7 contains codes for all other treatments.  

 

 

c. Outcome of Interest 
 

i. Aim 2.a. 
 

The dependent variable for Aim 2.a. was hospitalization on each person-day. If an 

individual was hospitalized on a specific day then that was counted as a positive 
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outcome.  Hospitalization was meant to be a proxy for adverse events or complications of 

treatment. 

 

Table 4: Treatment Groups Analyzed (7 

Groups) 

Stage I 

HCC tumor size: Less than or equal 5 cm 

Group 1: Less than 5 cm and no cirrhosis 

Guideline recommended: 

Transplant or resection or local ablation 

Non-Recommended: 

Other treatment 

No treatment~ 

Group 2: Less than 5 cm with cirrhosis  

Guideline recommended: 

Local ablation w/ or w/o transplant  

Non-Recommended: 

Other treatment 

No treatment 
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HCC tumor size: More than 5 cm 

Group 3: More than or equal to 5 cm and no 

cirrhosis 

Guideline recommended: 

Resection or TACE or local ablation 

Non-Recommended: 

Other treatment 

No treatment 

Group 4: More than or equal to 5 cm with 

cirrhosis  

Guideline recommended: 

TACE or local ablation 

Non-Recommended: 

Other treatment 

Stage II 

Group 5: Stage II with a single mass 

Guideline recommended: 
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Resection or local ablation 

Non-Recommended: 

Other treatment 

No treatment 

Group 6: Stage II with multiple masses 

Guideline recommended: 

TACE 

Non-Recommended: 

Other treatment 

No treatment 

Group 7: Stage III and IV 

 

Guideline recommended: 

No treatment 

Non-Recommended: 

Other treatment 

Grey shading indicates each group analyzed (7 

analyses) 
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Table 5: Procedure Codes for Therapies 

 

Type of therapy: ICD-9-CM HCPCS 

Liver resection  50.3 or 50.22 47120, 47122, 47125, 47130, 47140, 47141, 

and 47142 

Liver Transplantation (LT) 50.4, 50.5, 50.51, and 

50.59 

47131, 47133, 47135, 47136, 47140, 47141, 

47142, 47143, 47144, 47145, 47146, and 47147 

Local ablation (LA) 50.23, 50.24, 50.25, 

and 50.26 

47380, 47381, 47382, 47370, and 47371 

TACE 99.25 37204, 36249, 75726, 75894, and 75898 

 

 

Table 6: Codes used to identify chemotherapy claims137 

 

 ICD-9 diagnosis 

codes 

ICD-9 

procedure 

HCPCS codes 

General chemotherapy 

administration 

V58.1, V66.2, V67.2 99.25 96400-40, 96521-

3,-42, 

-49, Q0083-Q0085 

5-Fluorouracil   J9190 

Methotrexate   J8610, J9250, 

J9260 

Cyclophosphamide   J9070-J9097 

Cisplatin   J9060, J9062 

Carboplatin   J9045 
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Table 7: Codes for experimental treatments 

 

Type of treatment ICD-9-CM 

Procedure Code 

HCPCS Code 

Tamoxifen  E932.9 (Non-specific ) S0187, 4179F 

Anti-androgens   G9132 

Octreotide   J2353-4,  J3490 

Hepatic artery ligation/embolization  38.86, 99.29 36246, 36247, J9000-1,  

J9060, -62, J9280-J9291,  

Q0084,  96400-96459 

(CPT) 

Radioembolization with Yttrium90-labeled glass 

beads (TheraSpheres®)  

 37204, 79445 (CPT), 

C2616, S2095138 

 

 

 

Hospitalization was thus operationalized as a dichotomous variable in each person day, 

with a value of “1” if that day was spent as an in-patient and “0” if not.  

Hospitalization was identified from the MEDPAR file. The beginning of hospitalization 

was based on the admission date and the end of hospitalization was the discharge date. 

All days starting from the admission date until the discharge date were considered 

hospital days, provided no treatment was given. If an HCC-associated treatment was 

given during hospitalization, as indicated by the procedure codes described above, then 
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these hospital days were set to missing for the length of the median for that treatment, 

since that hospitalization was just an indication of treatment received and not due to an 

adverse event that resulted from a treatment. However, if the length of stay (LOS) in the 

hospital exceeded the median stay expected for that treatment, then it was assumed that a 

complication or adverse event had occurred that required extending hospitalization. Thus 

each extra day after the expected median number of days for each treatment group were 

counted as hospitalizations. The median expected LOS for LT was 10 days, 7 for 

resection, 3 for LA, and 2 for TACE and other treatments. Thus if the hospitalization was 

associated with a LT, then all hospital days up to 10 days were counted as missing, and 

subsequent hospital days (for that same hospitalization) were counted as “1” until 

discharge.  

 

ii. Aim 2.b. 
 

The ultimate outcome examined was mortality. Again this was a dichotomous variable 

within each observation (person-day). All person-days had a value of “0” until the patient 

died, when it was given a value of “1”. Subsequently, that patient was removed from the 

study. Otherwise if the patient was censored indicated either by loss of enrollment in 

Medicare Parts A/B, enrollment in an HMO, or the end of the study, then all person-days 

were given a value of “0” for death until the last observation date. The date of last follow-

up for those who did not die was December 31, 2009. 

 

 

d. Covariates 
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Covariates included AJCC stage; time from diagnosis (in Aim 2.b. only); the 

sociodemographic variables of age, sex, race, geographic region based on SEER registry, 

type of residence, income based on census tract, and marital status; year of diagnosis; and 

Charlson Comorbidity Index (CCI).  

 

i. Stage at Diagnosis 
 
The histological stage of the tumor at diagnosis was defined according to the AJCC/TNM 

staging system from the SEER file.75  The definition of each Stage has been described in 

Aim 1.a.. We operationalized stage as a categorical variable of three categories: Stage I, 

Stage II, and Stage ≥III. The reason we aggregated Stage III with Stage IV was because 

treatment recommendations are the same as has been described above. Analysed groups 

were stratified according to this variable in addition to tumor size and cirrhosis (effect 

modification). 

 

ii. Time from Diagnosis (Days) 

By the nature of the person-day approach used for the analysis, time varying predictors 

are controlled for. Thus, there was no concern of immortal time bias as a consequence of  

comparing those who received treatment to those who did not receive treatment, as would 

be in another study which did not use this approach. In immortal time bias, also known as 

survivor treatment selection bias,139 there may be a bias because patients who received 

treatment had to be alive long enough to receive treatment, whereas as those who died did 

so before they had time to receive treatment. Hence, an erroneous conclusion could be 

made that treatment was far more beneficial because those who did not receive treatment 
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died, while all those who received treatment never died, or were immortal. Thus, the 

investigator should control for the time between diagnosis and treatment in some fashion. 

In our case, each patient before receiving treatment is counted in the group that is ‘non-

treated’ and then, after the start of treatment, if they receive treatment, are counted in the 

group that received that treatment. Thus those who got  treated in terms of their person-

days are compared only to non-treated  person-days (which frequently meant that a 

patient is being compared to their own self at an earlier or later time after diagnosis). So 

there is no issue of comparing an untreated group that dies soon after diagnosis to a 

treated group that receives treatment at a longer duration after diagnosis, since we would 

have inherently controlled for the time until treatment by using the data of that patient 

before they received treatment.  

  

However, in this analysis, it was necessary to control for time from diagnosis since this 

may also be a factor that predicts risk of hospitalization or death independently of 

treatment or other covariates. Thus, when comparing a treated person-day to a non-

treated person-day, a treated person-day may have a higher risk of death simply because 

they received treatment a year after diagnosis, while those who are not treated were only 

early after diagnosis. This would confound the results if there was a relationship between 

time from diagnosis and the outcomes.   

 

iii. Age 

Age was categorized into approximate five-year intervals  ≤ 70, >70-75 , >75-80 , and 

>80.  
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iv. Race 

The race categories in the study where based on the SEER race variable with some 

modification. We included Whites, Blacks, Asians, Hispanics, and Other as described 

above. 

 

v. Geographic Region 

This was based on geographic location of the SEER registry and was divided into 9 

groups. East North Central was Detroit; West North Central was Iowa; South Atlantic 

was Atlanta and Rural Georgia; East South Central was Kentucky; West South Central 

was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; Pacific was 

Greater California, San Francisco, San Jose, Los Angeles, Seattle, and Hawaii; and 

Mountain was New Mexico and Utah. 

 

vi. Type of Residence 

This variable distinguished between metropolitan (metro) and nonmetropolitan counties 

based on the official classification of metro status of the US Department of Agriculture, 

Office of Management and Budget which were applied to the 2000 Census. This 

classification was based on population size, degree of urbanization and adjacency to a 

metro area. This was made a dichotomous variable: Metro versus Non-Metro (described 

above).  

 

vii. Income 
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Income was based on zip code and census tract level and was not available at an 

individual level. Priority was given to the median income for census tract based on the 

2000 Census Bureau survey. If this was missing, then income was obtained from the 

median household income for zip code. If both were missing, then income was obtained 

from per capita income for census tract based on the 2000 Census Bureau survey. If that 

was missing, then income was obtained from per capita income for zip code. If all of the 

above were missing, then income was assumed to be of the lowest category.  This 

hierarchy of income selection was based on the work of Shah et al.21  This variable was 

categorized as follows:  ≤$20,000, >$20,000-40,000, >$40,000-60,000, >$60,000-80,000, 

>$80,000-100,000, and >$100,000.  

 

viii. High-School Education 

This variable was populated based on the percentage of persons 25 years or older with a 

high school education only in the census tract (Census 2000). Hence, a higher percentage 

in this variable indicates that more people have a high-school education only, with fewer 

people having an education beyond high-school. If this was missing, then we used the zip 

code level data. If both were missing, it was assumed that the individual resided in the 

category with the highest high-school education only per census tract/zip code. 

 

ix. Marital Status 

Based on the documented marital status at the time of the diagnosis of HCC in the 

PEDSF, marital status was categorized into married, unmarried (which included 

divorced, separated, widowed, and never married), and unknown.  
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x. Year of Diagnosis 

This variable indicated the year of HCC diagnosis obtained from the PEDSF, and as 

explained above was limited to 2004-2007. 

 

xi. Preexisting Medical Conditions  

For HCV infection, the following ICD-9-CM codes were identified: 070.41, 070.44, 

070.51, 070.54, 070.7, V02.62; HBV infection: 070.2, 070.3, 070.42, 070.52, V02.61; 

and unspecified viral hepatitis: 070.40, 070.45, 070.4, 070.9, 070.5, 070.53, 070.59, 

070.49. To identify alcoholic liver disease, we identified alcoholic fatty liver disease 

(571.0), alcoholic hepatitis (571.1), alcoholic cirrhosis of the liver (571.2), alcoholic liver 

damage (571.3), or the combined presence of unspecified cirrhosis (571.5, 571.6) with 

alcoholism or other alcohol-related disorders (303, 305.0, V11.3, V79.1, 291).131 

Impaired fasting glucose or diabetes mellitus was identified via: 250, 790.2, 790.21, 

790.22, 790.29.132  

  

The Charlson Comorbidity Index (CCI) was meant to reflect the individual’s co-existing 

illnesses that may be confound the effects seen on our outcomes of interest.133  We used 

the Deyo and Romano adaptation of the CCI and, since liver cancer is the disease of 

interest, chronic liver disease and cancer were not included in the calculation.134, 135  A 

total of 22 conditions are utilized to score the CCI, which has been shown to predict ten-

year mortality.133 Scores depend on the effect each condition would have on survival 

ranging from 1 (least) to 3 and 6 (worst). A score of 1 is given to each of the following: 
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myocardial infarct, congestive heart failure, peripheral vascular disease, dementia, 

cerebrovascular disease, chronic lung disease, connective tissue disease, ulcer, chronic 

liver disease. A 2 for each of: hemiplegia, moderate/severe kidney disease, diabetes, 

diabetes with complication, tumor, leukemia, lymphoma; and a 3 each for moderate or 

severe liver disease. Finally, a 6 is given for a malignant tumor, metastasis, and/or AIDS. 

Comorbidities were searched for within the two years preceding the HCC diagnosis in the 

hospital (MEDPAR) and physician (NCH) and outpatient (OUTPT) files. This variable 

was categorized into quartiles: 0, 1, 2, or 3 ≤, as previously described.21  

 

e.   Statistical Analysis 
 
A discrete time survival analyses framework was used for the Aim 2 analyses. The unit of 

observation for all analyses was the person-day. Person-days were counted from the date 

of diagnosis (index date)  until one of three outcomes:  death of the patient from any 

cause, patient drop-out as signaled by no enrollment in Medicare Parts A/B or by 

enrollment in an HMO,  or the end of the study. The date of last follow-up for those who 

did not die was December 31, 2009.  

 

To obtain a person-day file (where each row is each day of a patient’s clinical course), 

the original claims ‘vertical,’ or long-format file (where each row was a claim) was first 

converted to a horizontal or wide-format file. Thus, for each row there was only one 

patient with a different variable for each claim and for each associated date. These 

variables were created by the use of array statements and retained (by the use of the 

‘retain’ statement). The conversion to a wide format was done by sorting by patient ID 
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and only keeping the most recent claim (i.e. last.ID). This wide file was in turn converted 

to a person-day file via the creation of a ‘date’ variable representing each person-day 

starting from the date of diagnosis, and by a series of ‘do’ statements. Since for each 

person-day we had outcomes that were dichotomous, the final analyses were performed 

by the use of logistic regression. All analyses were performed using SAS version 9.2 

(SAS Institute, Cary, NC) directly on the UNIX server containing the source database.  

 

i. Aim 2.a. 

As previously described in the relevant ‘Outcome of Interest’ subsection, within each 

person-day, a HCC case may be in the hospital or not, and is given a respective value for 

hospitalization of 1 or 0.  For the descriptive analyses, unadjusted logistic regression 

models were fitted for each independent variable.  

  

Since each hospital day within a patient is highly correlated with the next hospital day, 

with a correlation that is exponentially higher when it is near the index hospital day 

(since they represent that same hospitalization), we needed to account for these repeated, 

non-independent (i.e. correlated) events within our analyses. This was done by fitting 

logistic regression models with general estimating equations (GEE) and autoregressive 

correlation structures. 

  

Models were estimated by a maximum likelihood (ML) method that did not require any 

restrictions on the interceptt, using proc logistic in SAS. Again, each discrete time 

(person-day) unit was the unit of observation.  Multivariable analyses was done by fitting 
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logistic regression models for hospitalization (binary) regressed on whether therapy was 

recommended or not and other covariates, stratifying by AJCC stage, tumor size/nodules, 

and presence of cirrhosis. There were separate models for each stratum.  Proportions of 

hospital days per 100 person-days, rate ratios (RRs) and 95% confidence intervals (CIs) 

were reported.  

 

ii. Aim 2.b. 
 
For the descriptive analyses, unadjusted logistic regression models for risk of death 

(binary variable) regressed on each independent variable were fitted. Multivariable 

analyses were done by fitting logistic regression models for HCC mortality regressed on 

whether therapy was recommended or not and other covariates, stratifying by AJCC 

stage, tumor size/nodules, and presence of cirrhosis. There were separate models for each 

stratum. Proportion who died, one-year mortality rates, hazard ratios (HRs) and 95% CIs 

were reported. To report measures for the covariates, a model was created with only the 

covariates (i.e. without the addition of treatment).  
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III. MANUSCRIPTS 

 

A. Survival of US Elderly Americans with Hepatocellular Carcinoma (HCC) is higher 

among those who routinely undergo screening for non-HCC cancers: A SEER-

Medicare Analysis 

 

1. Abstract 

Background & Aims: Routine screening for unrelated cancers has been shown to predict 

earlier stage of diagnosis of several other cancers. No studies have investigated the 

association of receipt of routine non-HCC cancer screening tests with stage of diagnosis 

and ultimate survival in patients who develop hepatocellular carcinoma (HCC).  

 

Methods: By using Surveillance, Epidemiology, and End-Results program (SEER)-

Medicare–linked data, we conducted a population-based study to examine the association 

of non-HCC cancer screening tests (mammography and Pap smear/pelvic exams in 

women, prostate-specific antigen in men, and colorectal cancer screening in both sexes) 

on stage of HCC at diagnosis and ultimate survival in men and women 65 years and older 

diagnosed with HCC between 2004 to 2007. Only patients with continuous Medicare 

enrollment for 2 years before after HCC diagnosis were examined. Univariate, bivariate 

and multiple logistic regression analyses were used to evaluate stage of HCC at diagnosis 
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and Kaplan-Meier analyses and unadjusted and adjusted Cox proportional hazards 

regression were used to assess survival and mortality, respectively.  

 

Results: We identified 3,403 diagnosed with HCC between 2004 and 2007 who met our 

inclusion and exclusion criteria. Nearly a third of the cohort (30%) had hepatitis C virus 

infection; 26%  had a hepatitis B virus infection; 14% had alcoholic liver disease; and 

62% had either impaired glucose tolerance or diabetes mellitus. In multivariable adjusted 

analysis, receipt of screening tests was associated with HCC stage at diagnosis only 

among women (Odds Ratio [OR] and 95% confidence interval [95%CI]: 0.62[0.43-

0.91]). Among men, only those of Asian race (OR: 0.51; 95% CI: 0.34-0.79) and those 

with HCV infection (OR: 0.66; 95% CI: 0.48-0.90) had diminished odds of late stage of 

HCC stage at diagnosis.  Among women, being married (OR: 0.61; 95% CI: 0.41-0.91), 

or having HCV infection (OR: 0.60; 95% CI: 0.40-0.90), or having alcoholic liver disease 

(OR: 0.45; 95% CI: 0.21-0.94) reduced odds of late stage of HCC at diagnosis. Receipt of 

routine non-HCC cancer screening tests reduced mortality in both men and women 

(Hazards Ratio [HR] and [95% CI]: 0.84 [0.72-0.98] and 0.83 [0.70-0.99], respectively).  

 

Conclusions: In the Medicare population, older Americans who received receipt of 

routine non-HCC cancer screening tests in the two years prior to diagnosis with HCC 

experienced an improvement in survival compared to those who did not receive such 

care. Further studies are needed to examine the mechanism by which receipt of routine 

non-HCC cancer screening tests improved survival among individuals who developed 

HCC. 
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2. Introduction 

Hepatocellular carcinoma (HCC) is the commonest primary liver malignancy in adults 

and, worldwide, the third leading cause of cancer-related mortality.2-7 The mortality rate 

in the United States has increased more than any other cancer.8  The age-adjusted 

incidence rate for HCC in the United States has tripled in the last few decades, with a rate 

of 1.3 per 100,000 in 1981 rising to 4.9 per 100,000 by 2005.24 HCC is predominantly a 

disease of the elderly.25 The rising trend of HCC incidence is expected to continue at least 

over the next two decades, largely because of the existing burden of chronic hepatitis C in 

an aging American population.21, 25 

 

Recommended HCC screening, by ultrasound and serum alpha-fetoprotein every 6 

months in at-risk patients, has been shown to improve survival primarily via earlier 

cancer detection.28, 31-38 Suboptimal screening has been linked to lower detection of HCC, 

later stage at diagnosis, fewer treatment options, and worse survival.38-40 Rates of HCC 

screening among at-risk patients are only ~20%.40-43 As a result, most cases of HCC are 

detected at advanced stages when curative treatment, such as resection, local ablation, or 

liver transplantation, cannot be employed.30, 44, 45 As a consequence, we witness the 

dismal 5-year survival rate of 0-5% among those who are untreated.1, 46  

  

The best approach to improve survival in HCC is to detect it at earlier stages when it is 

still amenable to curative or palliative treatment.27, 28 By studying predictors of early 

detection, particularly factors that can be encouraged, such as increased utilization of 

routine cancer screening tests, we can increase rates of earlier detection.  
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Healthy patient behavior, including seeking recommended screening tests, is associated 

with other healthy behaviors. Studies have confirmed the association of specific 

preventive medical care services with other, unrelated preventive medical care services. 

For example, rates of colorectal cancer screening are higher among men who report 

prostate cancer screening50 and among women who report cervical or breast cancer 

screening.51 In  Medicare patients, breast cancer screening in women and annual 

influenza vaccination in men were associated with increased cervical cancer and prostate 

cancer screening, respectively, irrespective of race and income.52 Similarly, preventive 

health visits have been associated with colorectal, breast, and prostate cancer screening.53 

  

Within the SEER-Medicare dataset, Gornick and colleagues found that those receiving  

routine unrelated cancer screening tests and immunizations, within the 2 years prior to the 

onset of cancer, had a lower risk of having advanced cancer stage at diagnosis compared 

to those with less utilization of these screening tests. This association was observed, 

specifically, with breast, colorectal, uterine, prostate, and male bladder cancer. Patients 

who developed HCC were not included. It is unknown if this early detection reduced 

mortality or even improved survival. When justifying HCC screening, improved survival, 

rather than simply stage of cancer at detection, is ultimately the most desirable outcome, 

to ensure that we are not observing exclusively stage migration, where more cancers are 

being detected earlier, in association with lead-time bias, rather than an actual 

improvement in survival.28, 55 In a rapidly fatal disease such as HCC, where early 
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diagnosis and timely surgical intervention can be curative, the extension in survival is 

real, and not merely an artifact of earlier diagnosis. 

 

No studies have been wholly dedicated to investigating the association of  routine non-

HCC cancer screening tests with stage of HCC at diagnosis and survival. HCC screening 

is effective in earlier HCC detection and improving survival.35, 37, 38, 56-67However, HCC 

screening has not been found to be cost-effective to recommend its use except in high-

risk patients. However, even in high-risk patients, HCC surveillance is greatly 

underutilized (<20%).140 Moreover, the identification of high-risk patients is itself grossly 

diminished. This is underscored by the fact that an estimated 75% of all people with 

HCV, the leading cause of cirrhosis and the principal risk-factor for HCC in the USA, are 

unaware of their infection.70 Receipt of routine non-HCC cancer screening tests may be 

an avenue where high-risk patients are identified and thus informed and encouraged to 

pursue HCC screening to have their HCC detected at earlier stage where curative 

treatment is still possible. This would improve survival but also, engaging in such 

preventive medical care, as an indicator of healthy behavior in a more health-oriented 

person, may independently improve survival in the HCC cohort.  

  

It was our hypothesis that receiving common non-HCC cancer screening tests (our 

operationalization of preventive medical care), as a marker for greater engagement in the 

health-care system and general healthy behavior, will be associated with earlier detection 

of HCC and better survival of elderly patients diagnosed with HCC. Routine screening 

tests are frequently performed in association with primary care visits that are generally 
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more comprehensive and frequent than specialist visits.42 This would allow repeated 

opportunities for identifying HCC risk factors through routine history taking (e.g. history 

of intravenous drug use, HCV and HBV infection, high alcohol consumption), physical 

examinations (e.g. liver enlargement or tenderness), and laboratory studies (e.g. elevated 

liver enzymes).  

  

If our hypothesis is confirmed, receipt of routine non-HCC cancer screening tests may 

represent an underutilized modifiable factor which could be encouraged and promoted in 

the general population,  at least in the case of elderly Americans, as it has been seen to be 

such a factor in those who develop many other types of cancers in this cohort.54 This may 

guide policy decision-makers when selecting what should be covered by public and 

private insurance programs. Those who underutilize routine non-HCC cancer screening 

tests may represent at-risk individuals for HCC detection at later stages and/or eventual 

worse survival.   

  

The Surveillance, Epidemiology, and End Results (SEER) Program is composed of 

several tumor registries in several regions of the country, collecting cancer incidence and 

survival data. The SEER data has been merged with Medicare, with its demographic, 

clinical and medical claims data on cancer patients mostly over age 65 at diagnosis, to 

form the SEER-Medicare database. This database has been extensively utilized to study 

outcomes of various prognostic factors, including receipt of routine unrelated cancer 

screening tests on several cancers, but not HCC, and the effect of receipt of routine non-
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HCC cancer screening tests on HCC cancer stage of diagnosis and survival has not been 

investigated. 

  

Using SEER-Medicare, we sought to identify whether engaging in receipt of routine non-

HCC cancer screening tests was associated with earlier stage of HCC at diagnosis and an 

improvement in survival among patients diagnosed with HCC, independent of stage at 

diagnosis and other relevant covariates. Secondary objectives were to provide an updated 

description of a cohort of Medicare patients who were diagnosed with HCC from 2004-

2007, i.e. after the establishment of the American Joint Committee on Cancer 

(AJCC)/TNM (Tumor-Node-Metastases) 6th Edition  HCC staging system by SEER;75 76 

as well as to explore other predictors of HCC stage of diagnosis and survival.    
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3. Materials and Methods 

a. The SEER-Medicare Database 

The National Cancer Institute (NCI) developed the SEER-Medicare database in 1991 via 

the linkage of two large population-based and complementary data sources: the SEER 

registry data and Medicare enrollment and claims files.112, 113 The SEER program is 

composed of 18 population-based cancer registries representing 26% of the US 

population. Cancer incidence and survival data, including demographic characteristics, 

dates of diagnosis, and cancer-specific data such as histology, stage, and grade are 

included. There is data for vital status which has been obtained the National Center for 

Health Statistics. There is no information in SEER about use of screening or diagnostic 

tests, treatment provided more than 4 months after diagnosis, comorbidities, or disease 

status (apart from vital status).114  

  

Medicare is a federally funded program that is the source of primary health insurance to 

Americans 65 years and older in the United States.114, 115  The vast majority of Medicare 

beneficiaries (97%) opt for fee-for-service care with Part A coverage which includes 

hospital, nursing home, hospice, and home health care; and Part B, which covers 

physician and outpatient services, durable medical equipment, and certain medications, 

including chemotherapeutic agents. Only a minority of beneficiaries have Part C 

(Medicare managed care), a health maintenance organization (HMO) plan.115 

Though  SEER-Medicare was initiated in 1991, since then the linkage has been updated  

every 3 years.114  In each update, only cancer cases diagnosed 2 years earlier are added 

since there is a delay in the reporting of cancer cases to the SEER program. At the time of 
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this study, the most recently released data by NCI contained SEER cases that were 

diagnosed through 2007 with associated Medicare claims through December 31, 2009. 

The NCI provides nine data files linked by unique encrypted patient identifiers. Together, 

these provide a rich source of clinical data as well as associated health resource 

utilization claims per patient, with each file containing information from different 

services offered through Medicare Parts A, B, and D.114  

  

Compared with the elderly population in the United States the SEER-Medicare 

population has a similar age, sex, and socioeconomic status distribution. However, the 

SEER-Medicare cohort is more likely to live in urban and affluent areas, has a smaller 

proportion of nonwhite individuals, and has slightly lower cancer mortality rates.114, 116, 

137 
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b. Study Population 

Since the AJCC/TNM staging was adopted by SEER from 2004 onward, to ensure that 

each patient had an opportunity to be staged, only those diagnosed from 2004 onwards 

were included. Eligible participants were those with an initial diagnosis of HCC from the 

years 2004 until 2007 based on specific HCC histology codes (International 

Classification of Diseases for Oncology, 3rd Edition [ICD-O-3] site C22.0 and histology 

codes 8170, 8171, 8172, 8173, 8174, and 8175).  

  

Medicare overwhelmingly covers only those patients 65 years and older, except for 

disabled patients or those with end-stage renal disease. Since our primary exposure 

(cancer screening tests) was identified within patient data in the 2 years prior to HCC 

diagnosis, patients who were diagnosed before 67 years of age were excluded to allow a 

complete 2 year observation period since their enrollment into Medicare at the age of 65 

years. Those with prior gastric, colo-rectal, lung, pancreatic, breast, or prostate cancer 

were excluded to ensure that the HCC was not misclassified as metastases from one of 

these cancers. Those whose diagnosis was not confirmed with either microscropy or 

radiology were excluded. Microscopic confirmation was based either on positive 

histology, exfoliative cytology, or unspecified type of microscopic confirmation. Finally, 

patients who were discontinuously enrolled in Medicare Parts A and B in the two years 

before diagnosis were also excluded.  
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c. Screening Tests 

The primary exposure of interest was utilization of non-HCC cancer screening, including 

screening Pap smear and mammography for women; prostate-specific antigen (PSA) 

testing for men; and colorectal cancer (CRC) screening for both. 

 

Screening tests were identified in the carrier (Carrier Claims dataset, i.e. physician 

claims) and outpatient files through the use of procedure and associated diagnosis codes 

in the two year interval prior to HCC diagnosis to allow sufficient time for the 

commonest non-HCC screening tests to be completed, as screening mammography in 

women and PSA in men. CRC tests included sigmoidoscopy, colonoscopy, and barium 

enema based on the codes enumerated in Supplementary Table 1. For mammography, 

Common Procedure Terminology (CPT)  codes 76090–76092, G0202–G0207, G0236, 

and the International Classification of Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM) code V76.12 were identified.123 For screening pap smears, the Healthcare 

Common Procedure Coding System (HCPCS) Level I codes P3000-P3001 (screening) 

were used.124 PSA use was identified by the CPT code G0103 and the ICD-9-CM code 

V76.44.122  

  

A test was counted if it was done in the two years before the diagnosis of HCC. In 

general, it is not recommended to have these screening tests more than once a year nor 

would it be covered by Medicare.127 If the test was done more frequently than once a 

year, it was not counted as these were likely performed for diagnostic purposes.  If tests 

were associated with diagnoses/procedure codes indicating the test was being done for 
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diagnostic purposes, they were not counted. For CRC screening, these included the 

presence of CRC by ICD-9 codes for CRC and/or other known pre-cancerous or early 

conditions that confer a higher risk of CRC, including carcinoma in-situ, other digestive 

tract cancers, ulcerative colitis, diverticulitis, and regional enteritis, in the year preceding 

the test, as previously described.125  For Pap smears, these included diagnosis codes for 

the specific medical conditions enumerated in Supplementary Table 2. Mammograms in 

women were not counted as screening tests if there was a prior diagnosis of breast cancer 

(ICD-9-CM codes 174.0-9) or if they were associated with billing codes for breast cancer 

surgeries (Supplementary Table 3) on or before the index date. Finally, PSA tests in men 

were not counted if there was an ICD-9-CM codes (185) suggestive of prostate cancer or 

if there were associated CPT codes indicating radical prostatectomy, radical cystectomy 

(cystoprostatectomy), bilateral orchiectomy, prostate biopsy, or brachytherapy; or any 

other procedure commonly used in a diagnostic workup for prostate cancer, on or before 

their index date.127 Screening was analyzed as a binary variable (0 or ≥1screening tests) 

separately in men and women. 

 

d. Definition of Patient and Tumor Characteristics 
 
We analyzed information on age (≤ 70, >70-75 , >75-80 , and >80), race (Whites, Blacks, 

Asians, Hispanics, and Other), geographic region based on SEER registry, marital status 

(married, unmarried, unknown), and year of cancer. This variable distinguished between 

metropolitan (metro) and non-metropolitan counties based on the official classification of 

metro status of the US Department of Agriculture, Office of Management and Budget 

which were applied to the 2000 Census. This classification was based on population size, 
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degree of urbanization and adjacency to a metro area. Metro counties had an urban core 

of at least 50,000 persons. Non-metro counties may be urban (less than 50,000) or rural. 

This variable was dichotomous: metro and non-metro counties.129  

  

Income was imputed based on zip code or census tract level. Based on the hierarchy used 

by Shah et al., priority was given to the median income for census tract based on the Year 

2000 Census Bureau survey. If this was missing, then income was obtained from the 

median household income for zip code. If both were missing, then income was obtained 

from per capita income for census tract based on the 2000 Census Bureau survey. If that 

was missing, then income was obtained from per capita income for zip code. If all of the 

above were missing, then income was assumed to be of the lowest category.21 Categories 

for income were as follows:  ≤$20,000, >$20,000-40,000, >$40,000-60,000, >$60,000-

80,000, >$80,000-100,000, and >$100,000. High-school education was based on the 

percent of persons 25 years and older with a high school education only in the census 

tract (Census 2000), and no other higher education. If this was missing, then we used the 

zip code level data. If both were missing, it was assumed that the individual resided in the 

category with the highest high-school education only per census tract/zip code. 

  

Preexisting illnesses and known prognostic factors affecting survival were collected.  For 

hepatitis C (HCV) infection, the following ICD-9-CM codes were identified: 070.41, 

070.44, 070.51, 070.54, 070.7, V02.62; hepatitis B (HBV) infection: 070.2, 070.3, 

070.42, 070.52, V02.61; and unspecified viral hepatitis: 070.40, 070.45, 070.4, 070.9, 

070.5, 070.53, 070.59, 070.49. To identify alcoholic liver disease, we identified alcoholic 
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fatty liver disease (571.0), alcoholic hepatitis (571.1), alcoholic cirrhosis of the liver 

(571.2), alcoholic liver damage (571.3), or the combined presence of unspecified 

cirrhosis (571.5, 571.6) with alcoholism or other alcohol-related disorders (303, 305.0, 

V11.3, V79.1, 291).131 Impaired fasting glucose or diabetes mellitus was identified via: 

250, 790.2, 790.21, 790.22, 790.29.132  

  

The Charlson Comorbidity Index (CCI) was meant to reflect the individual’s co-existing 

illnesses that may be confound the effects seen on our outcomes of interest.133  We used 

the Deyo and Romano adaptation of the CCI and, since liver cancer is the disease of 

interest, chronic liver disease and cancer were not included in the calculation.134, 135  A 

total of 22 conditions are utilized to score the CCI, which has been shown to predict ten-

year mortality.133 Scores depend on the effect each condition would have on survival 

ranging from 1 (least) to 3 and 6 (worst). A score of 1 is given to each of the following: 

myocardial infarct, congestive heart failure, peripheral vascular disease, dementia, 

cerebrovascular disease, chronic lung disease, connective tissue disease, ulcer, chronic 

liver disease. A 2 for each of: hemiplegia, moderate/severe kidney disease, diabetes, 

diabetes with complication, tumor, leukemia, lymphoma; and a 3 each for moderate or 

severe liver disease. Finally, a 6 is given for a malignant tumor, metastasis, and/or AIDS. 

Comorbidities were searched for within the two years preceding the HCC diagnosis in the 

hospital (MEDPAR) and physician (NCH) and outpatient (OUTPT) files. This variable 

was categorized into quartiles: 0, 1, 2, or 3 ≤, as previously described.21  
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e. Stage at Diagnosis 
 
Histological stage of the tumor at diagnosis was the dependent variable for the first step 

of analysis, which we hypothesized, may be an intervening variable on the effect of non-

HCC screening on HCC survival. Stage was defined according to the AJCC/TNM staging 

system,75 and was obtained from the SEER file (i.e. PEDSF).  

  
f. Survival 

The date of death was obtained primarily from the Medicare files and if it was missing 

was obtained from the PEDSF through its linkage with the National Death Index, updated 

annually by the National Centers for Health Statistics.  Survival time was calculated from 

the date of diagnosis until either the date of death, the date of discontinuity in enrollment 

in Medicare Parts A and/or B and/or enrollment in an HMO plan, or censorship at the last 

date of claims (the end of the study) on December 31, 2009. 

 

g. Statistical Analyses 

Initially, stage was explored in its original 5-level categories (I, II, III, IV, unknown) 

using multinomial logistic regression. With stage IV HCC as the reference group, both 

unadjusted and adjusted models to determine the effect of non-HCC screening on an 

earlier stage compared to stage IV found no association between screening among the 

different stages. Univariate analysis revealed a trend toward less screening intake among 

stage IV than earlier stages, particularly in females (Supplementary Table 4). Thus, stage 

was dichotomized to non-late HCC (stages I-III) and late HCC (stage IV). Bivariate 

analyses were conducted on this binary variable using Chi-square to detect differences in 

likelihood a patient be diagnosed at a non-late stage versus late stage among those who 
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received the screening tests versus not. Logistic regression was used for multivariable 

analyses.  Odds ratios and 95% confidence intervals were reported.   

 

We also performed a separate analysis operationalizing stage as early (stage I/II) and late 

(stage III/IV) based solely on that, from a clinical standpoint, having the cancer 

diagnosed at stage I/II has a greater survival benefit than having the cancer diagnosed 

beyond stage II.  Univariate analyses were also conducted using Chi-square to detect 

differences in likelihood a patient be diagnosed at a early stage versus late stage among 

those who receive routine non-HCC cancer screening tests versus not; as well as logistic 

regression was used for multivariable analyses.   

  

  

Survival by screening intake and covariates was estimated using the Kaplan-Meier 

method. Risk of death was estimated using Cox proportional hazards regression models, 

both unadjusted and fully adjusted for all covariates.  Hazard ratios (HR) and 95% 

confidence intervals (95% CI) were reported for the latter.  

 

 We sought to determine whether the relationship between receipt of routine non-HCC 

cancer screening tests and survival, if present, was mediated by stage of HCC at 

diagnosis, and to what degree. The conditions of mediation as put forth by Baron and 

Kenny are that: first, that the independent variable (receipt of routine non-HCC cancer 

screening tests in this case) predicts the dependent variable (survival here); secondly, that 

the independent variable predicts the potential mediator (stage at diagnosis in this case); 
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and finally, that the mediator (i.e. stage) significantly predicts the dependent variable 

(survival) after adjusting for the independent variable, receipt of routine non-HCC cancer 

screening tests.136  To estimate the indirect, or mediating effect, two separate cox 

regression models were fitted, with i representing observation, t total effect, d direct 

effect, and stage Stage of HCC at diagnosis: 

 

1. log hi(t) = α + β1Screeningt + covar 

 

 

2. log hi(t) = α + β1Screeningd + β2stagei + covar 

 

 The first model determined the total effect (β1Screeningt) of receipt of routine non-HCC 

cancer screening tests on survival of HCC patients after accounting for all covariates 

except stage. The latter formula included stage of HCC at the diagnosis in the model: 

thus, the effect of receipt of routine non-HCC cancer screening tests here represented the 

direct effect (β1Screeningd) after accounting for the mediating effect of stage. The final 

step was to estimate the degree of mediation of stage on the relationship between receipt 

of routine non-HCC cancer screening tests and survival and this will be calculated based 

on the subtracting β1Screeningt from β1Screeningd. 

 

P values were used as continuous measures of evidence. 

 

  

77 
 



 
 

4. Results 

a. Sample Characteristics 

Our sample consisted of 3,403 diagnosed with HCC between 2004 and 2007 who met our 

inclusion and exclusion criteria. The mean age of patients was 76 years (range 67-102 

years). Men constituted 65% of the sample. The patients’ races were 67% White, 14% 

Asian, 7% Black, 7% Other which included Native Americans and unknown race, and 

5% Hispanic. More patients had an imputed income ranging from $20,000 to $60,000 

(70%), resided in metropolitan areas (90%) and were married (57.0%). Thirty percent of 

patients were diagnosed with HCC at stage I and 43% of elderly patients in the US have 

their cancer detected at AJCC Stage I and II. Approximately 30% were diagnosed with 

HCV and 26% with HBV, 14% with alcoholic liver disease, and 62% had either insulin 

resistance (IR) or diabetes mellitus (DM) (Table 8).   

  

Since type of screening tests differed by sex, we analyzed sexes separately. There were 

more men 67-75 years old while there were more women >75 years. There were, 

however, more women diagnosed with Stage I HCC and more men with Stage III and IV. 

There was a substantially higher proportion of men who were married (68%) compared to 

women (37%) (Table 8).   

  

Utilization of non-HCC screening tests varied by patient demographic and other patient 

and tumor related factors (Table 9).  Approximately 21% of men and 43% of women in 

our sample received at least one non-HCC cancer screening test in the two years prior to 

diagnosis (Table 9). More men screeners were white (P =0.0781) and diagnosed with 
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HCC in 2004 and 2006 (P=0.0245). Furthermore, among those screened, there were 

higher proportions from the Northeast (Connecticut), East North Central (Detroit), West 

North Central (Iowa), East and West South Central (Kentucky and Louisiana, 

respectively) and less likely to be from Mid-Atlantic (New Jersey) and Pacific regions 

(P<0.0001). There were higher proportions of men screeners who:  lived in non-metro 

urban/rural areas compared to metropolitan areas (P<0.0001); had imputed income less 

than $60,000 (P=0.0764); had imputed high-school education only  (P=0.0047); were 

married (P<0.0017); had a hepatitis B diagnoses (P<0.0001); had IR/DM (P<0.0001); 

and had CCI scores greater than ≥1 (P<0.0001) (Table 2-1).   

 

Among women, there were more screeners ages 67-75 compared to older ages; diagnosed 

with stage I/II HCC compared to later stages (P=0.0677),  residing in metro counties 

(p=0.0138), from the East or West North Central or the East or West South Central 

(P=0.0093);  married (P=0.0769); who had HCV (P<0.0001), HBV  (P=0.0018), or 

unspecified viral hepatitis infection (P=0.0168);  and no comorbidities (P<0.0001) (Table 

9).  

 

b. Predictors of Tumor Stage at Diagnosis  

Those with unknown stage were excluded (N=770) from subsequent analyses for a total 

sample size of 2,633.  In unadjusted analyses, among males, receipt of screening tests 

was not associated with HCC stage at diagnosis (P=0.9183) (Table 10A). Asians were 

more likely to be diagnosed at non-late stages (P=0.0035). Men residing in metropolitan 

counties were more likely to be diagnosed with HCC at a non-late stage compared to 
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smaller urban/rural areas (P=0.0412). Finally, men who had HCV infection (P<0.0001), 

unspecified viral hepatitis (P=0.0109), alcoholic liver disease (P=0.0486), and no 

comorbidities (P=0.0183) were more likely to have their cancer detected at a non-late 

stage compared to their counterparts (Table 10A). 

 

In contrast, in females, receipt of routine non-HCC cancer screening tests lead to a higher 

proportion of non-late HCC stage at diagnosis (85.9% versus 79.3%, respectively; 

P=0.0091). Again, Asians (P=0.066) and married individuals were more likely to be 

diagnosed at a non-late stage (P =0.0027). Finally, women who had HCV infection 

(P=0.0013) and/or alcoholic liver disease (P=0.0134) were significantly more likely to 

have their cancer detected at a non-late stage compared to their counterparts (Table 10B). 

 

In multivariable logistic regression, among men, race, HCV infection, alcoholic liver 

disease, and CCI score predicted odds of late-stage HCC at diagnosis (Table 11A). Asian 

men had an approximately 49% lower odds of having their HCC diagnosed at a late stage 

than non-late stage (p=0.04) compared to whites (Table 11A). Having HCV infection 

conferred a 34% lower risk of late-stage diagnosis (p=0.01). There was a marginally 

significant trend of alcoholic liver disease reducing risk of a late stage of diagnosis 

(p=0.07) (Table 11A). Also, those with 1, ≥3, or  unknown number of comorbidities had 

a 51%, 52%,  and a 82% higher odds, respectively, of having their subsequent cancer 

detected at a late versus non-late stage compared to those without any non-liver 

comorbidities (Table 11A) with a significant trend test for CCI (P=0.05).   
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Among women,  receipt of routine non-HCC cancer screening tests predicted a 38% 

reduced odds of late stage HCC at diagnosis (P =0.01) (Table 11B). Being unmarried 

increased the odds/risk by 63% and having unknown marital status by 3.6 times for late 

HCC stage at detection versus non-late stage compared to their married counterparts 

(P=0.01). Finally, women who had HCV infection (P=0.01) and/or alcoholic liver disease 

(P=0.03) had lower chances of having a late stage HCC diagnosis compared to their 

counterparts (Table 11B). 

 

We also analyzed predictors of stage at diagnosis (unadjusted and adjusted) with stage at 

diagnosis dichotomized as stage I/II (early) versus stage III/IV (late) since this was 

speculated to be more consistent with clinical relevance. In unadjusted analyses, among 

males, receipt of screening tests was again not associated with HCC stage at diagnosis 

(P=0.4037) (Supplementary Table 5 - A). Unlike with the main analysis, neither race or 

metro county was associated with HCC stage at diagnosis. Men who had HCV infection 

(P<0.0001), alcoholic liver disease (P=0.0019), and no or ≥3 comorbidities (P=0.0183) 

were more likely to have their cancer detected at an early stage compared to their 

counterparts (Supplementary Table 5 - A).  

 

In females, receipt of routine non-HCC cancer screening tests lead to a higher proportion 

of early HCC stage at diagnosis though the strength of association was less than the main 

dichotomization analysis (64% versus 56%, respectively; P=0.0128). Again, married 

individuals were more likely to be diagnosed at an early stage (P =0.0024). Additionally, 

women who had HCV infection (P<0.0001), unspecified viral hepatitis (P=0.0042),  
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alcoholic liver disease (P=0.0003), or diabetes (P=0.0400) were significantly more likely 

to have their cancer detected at an early stage compared to their counterparts 

(Supplementary Table 5 - B). 

 

In multivariable logistic regression, among men, only HCV infection, alcoholic liver 

disease, and CCI score predicted odds of early stage HCC at diagnosis (Supplementary 

Table 5 - C).  

 

Among women, receipt of routine non-HCC cancer screening tests did not significantly 

predict reduced odds of late stage HCC at diagnosis (P =0.07) at the 5% alpha level 

(Supplementary Table 5 - D). Being unmarried increased the odds/risk by 42% and 

having unknown marital status by 3.3 times for late HCC stage at detection versus non-

late stage compared to their married counterparts (P=0.01). Finally, women who had 

HCV infection (P<0.001) and/or alcoholic liver disease (P=0.01) had lower chances of 

having a late stage HCC diagnosis compared to their counterparts (Supplementary Table 

5 - D).  

 

 

c. Effect on Survival and Mortality 

Overall median survival among both sexes was 7.7 months (Figure 3 and 4). Descriptive 

analyses revealed that , receipt of routine non-HCC cancer screening tests, AJCC stage at 

diagnosis, age, HCV infection and alcoholic liver disease were associated with  survival 

in both men and women (Figures 3 and Tables 12A-B). Race, imputed income, marital 
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status, education and CCI score predicted survival only among men (Figure 3). Year of 

diagnosis and location of SEER registry predicted survival solely in women (Figure 4).  

 

Among males, screening lead to a modestly lower proportion of deaths among screeners 

(66%) compared to non-screeners (68%) (Table 12A, second column). The unadjusted 

Cox regression model showed a 13% mortality reduction (Hazard ratio [HR]: 0.87; 95% 

confidence interval [CI]: 0.75-1.01) which increased to 16%  (HR: 0.84; 95%CI: 0.72-

0.98) after adjustment among screeners compared to non-screeners, which was 

significant.   

 

Among females, screening lead to a lower proportion of deaths among screeners (62%) 

versus non-screeners (72%) (Table 12B, second column). Among screeners, there was  a 

26% and 17% lower mortality compared to non-screeners in the unadjusted and adjusted 

Cox regression, respectively, , which was statistically significant (HR: 0.74; 95% CI: 

0.63-0.87 and HR: 0.83; 95% CI: 0.70-0.99, respectively. As expected, higher HCC stage 

lead to a higher risk of death among both sexes (Table 12A-B). Among men but not 

women, being Asian and living in areas with median income greater than $100,000, 

conferred a 0.76 (95% CI: 0.62-0.92) and a 0.57 (0.35-0.92) lower hazard of death 

compared to being white and living in areas with the least income, after adjustment for all 

relevant variables. In contrast, being unmarried, and having 3 or more comorbidities 

increased your hazard of death by 19%  (HR: 1.19; 95%CI: 1.04-1.36) and 25%, (HR: 

1.25; 95%CI: 1.03-1.52) compared to those who were married or had no comorbidities, 

respectively (Table 12A).    
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Among women only, being diagnosed from 2004 or 2005 compared to 2007 (HR: 1.40; 

95%  CI: 1.07-1.82 and HR: 1.28; 95% CI: 1.00-1.66, respectively) or living in the West 

South Central (Louisiana) compared to New England (HR: 2.24; 95% CI: 1.07-4.72) 

significantly increased your hazard of death, after adjustment for all variables in the 

model. In both sexes but more in females, being of older age (in a dose-dependent 

fashion) and having alcoholic liver disease increased your hazard of death. Having HCV 

infection lead to an approximately 20% lower risk of death in both women and men (HR: 

0.76; 95% CI: 0.63-0.92 and HR: 0.80; 95%CI: 0.69-0.93, respectively). (Table 12A-B).  

 

d. Testing Mediation of Stage at Diagnosis on Survival Effect 

Since among women, there was a significant association of , receipt of routine non-HCC 

cancer screening tests with earlier stage of diagnosis as well as an association of , receipt 

of routine non-HCC cancer screening tests with survival, we tested whether stage of 

diagnosis mediated the effect of , receipt of routine non-HCC cancer screening tests on 

survival only among women. The effect of , receipt of routine non-HCC cancer screening 

tests on survival in the model not containing stage at diagnosis resulted in only a minor 

influence (a decrease) on the hazard of death (HR [95% CI]: 0.79 [0.67-0.94]). Thus the 

mediating effect of stage of diagnosis, while not non-existent as in males, remained 

nondescript in females.  
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5. Discussion 

This was the first population-based study of the association between receipt of routine 

non-HCC cancer screening tests, stage at diagnosis, and survival among patients who 

develop HCC. In turn, we have shown that, among women,  receipt of routine non-HCC 

cancer screening tests, in the form of intake of common non-HCC cancer screening tests, 

lead to an earlier stage (stages I, II, and III) of HCC at diagnosis, after adjusting for age 

group, race, geographic region, city population, marital status, socioeconomic status, 

preexisting comorbidities, and the important risk/prognostic factors for HCC (HCV, 

HBV, alcoholic liver disease, and diabetes). However, this effect in women was only 

borderline significant (and not significant at the 5% alpha level) when stage was 

dichotomized as early (stage I/II) and late (stage III/IV).  With regards to mortality, we 

have shown that receiving routine non-HCC cancer screening tests lead to a 17% reduced 

mortality in both sexes after adjustment for the HCC AJCC/TNM stage at diagnosis and 

the aforementioned covariates. The effect of receipt of routine non-HCC cancer screening 

tests on survival was not mediated by stage of HCC at diagnosis.  

 

Thus, our hypothesis that receiving routine non-HCC cancer screening tests, as a proxy 

for greater engagement in the health-care system and a marker of general healthy 

behavior, would be associated with earlier detection of HCC and better survival of elderly 

patients diagnosed with HCC has been observed. While there is strong evidence in both 

sexes of the association between receiving routine non-HCC cancer screening tests and 

mortality, the association with HCC stage at diagnosis has only been found among 

women (P=0.02) and only when we dichotomized HCC stage at diagnosis as stage I/II/III 
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versus stage IV, which may be less clinically relevant than the early (stage I/II) versus 

late (stage III/IV) dichotomization. Since we observed a negligible intervening effect of 

stage of HCC at diagnosis on the association of receipt of routine non-HCC cancer 

screening tests with survival, among women only, our findings give more credence to the 

mechanism that receipt of routine non-HCC cancer screening tests  is simply a healthy 

behavior that in some fashion enhances earlier diagnosis and independently improves 

survival in older individuals who become diagnosed with HCC. It may lead to a healthier 

outlook that would encourage a less risky lifestyle and one more inclined to medical care. 

Use of routine non-HCC cancer screening tests may represent an underutilized 

modifiable factor which could be encouraged and promoted, at least in the case of 

elderly. Receipt of routine non-HCC cancer screening tests has been seen to predict stage 

of diagnosis among those who develop many other types of cancers in similar Medicare 

cohorts, though mortality was not analyzed.54 We have shown a mortality reduction with 

receipt of routine non-HCC cancer screening tests among both men and women. Though 

studies are needed to examine the effect of receipt of routine non-HCC cancer screening 

tests on mortality in other cancers, there is already some evidence that policy-makers 

should consider when evaluating controls on preventive medical care coverage in those 

covered by Medicare. Not taking advantage of the utility of receipt of routine non-HCC 

cancer screening tests may lead to worse survival in patients who develop HCC and 

perhaps other cancers.  

 

Receipt of routine non-HCC cancer screening tests is a proxy for healthy behavior that 

predicts mortality in HCC patients. Thus, its utility, as a type of screening test, exposes it 
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to the same scrutiny of other screening tests; namely, whether it is simply leading to an 

earlier diagnosis of HCC and a false impression of improved survival when actual 

survival or mortality has not changed, an effect known as lead-time bias, but this would 

not affect the mortality rate. Lead-time bias is an incorrect impression that a patient 

survives longer after diagnosis of the disease, when all that changed is that a better 

screening test diagnosed the disease earlier.23  We observed, in women, a robust 

association of use of routine non-HCC cancer screening tests with stage of HCC at 

diagnosis, as well as, among both sexes, a significant association between use of routine 

non-HCC cancer screening tests and reduced mortality. Since the association of receipt of 

routine non-HCC cancer screening tests with mortality was not mediated by an earlier 

stage of diagnosis in our study, our findings are not biased by lead-time or stage shift.  

 

There were several other important findings of this study. We observed that 

approximately 43% of elderly patients in the US have their cancer detected at AJCC 

Stage I and II, with, slightly higher proportions in women compared to men. This is a 

considerable proportion and, with the median survival still only under 8 months, indicates 

that stage at diagnosis is not the only factor that is leading to poor survival rates in HCC 

patients. A previous analysis on elderly individuals with HCC, among those diagnosed 

with AJCC stage I and II, found 40% did not receive any treatment.21 Certainly much of 

these patients had comorbidities that precluded treatment, but it suggests that there is at 

least a modest degree of true underutilization of treatment. The poor survival rate 

observed indicates that AJCC stage at diagnosis is not sufficient to judge ultimate 

survival, and that likely, this depends on whether curative treatment can be provided. In 
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turn, whether curative treatment can be provided depends on a patient’s state of health. 

AJCC stage does not incorporate liver function and general health of the patient which 

are essential cofactors that clinicians will use to decide management. To control for these 

cofactors in our study, we adjusted for CCI and other prognostic risk factors including 

age group, HCV infection, alcoholic liver disease, and diabetes. After this, AJCC stage 

predicted survival independently of other factors, but among stage I and II cancers there 

was no difference in survival. This is an indication that the AJCC/TNM staging system is 

not as sensitive a predictor of survival as has been previously reported.28 It is for this 

reason that the Barcelona Clinic Liver Cancer (BCLC) Staging System that takes into 

account liver function, physical status, and even cancer-related symptoms, validated to be 

of better prognostic accuracy, has replaced the AJCC system among oncologists.28  

 

We observed that 30% of our sample had hepatitis C infection which is more than 10% 

higher than other reports using the same dataset. However, those studies where on 

samples substantially earlier in time (up to 11 years prior).128, 131, 141 The findings in our 

study may reflect the substantial increase in the prevalence of HCV infection among 

elderly Americans, which is consistent with previous trends; where from  1993–1996 to 

1996–1999  proportions of HCC patients with HCV rose from 11.0% to 21.2%.128  

 

The prevalence of HBV infection was also higher than earlier studies on similar 

populations (7-11% versus our 26%). This is surprising since the incidence of HBV 

infection in the USA is decreasing.142 It is not likely that this is simply a cohort effect in 

that we are observing the previously infected cohort that is now aging. It is more likely a 
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misclassification of a vaccinated individual against HBV, who would also have positive 

hepatitis B IgG antibodies, as one who has HBV infection. Diagnosis codes are 

frequently reported by nonclinicians who may not be able to aware of this difference. 

HBV vaccination coverage has risen in the USA, particularly among HCV infected 

individuals.143  

 

Approximately 21% of men and 43% of women in our sample received at least one non-

HCC cancer screening test in the two years prior to diagnosis. This is lower than other 

studies on Medicare patients, however a comparison would be inappropriate since they 

looked at patients who developed cancers other than HCC. 52, 54 Receipt of routine non-

HCC cancer screening tests is associated with other important factors that are affecting 

survival. Females were more likely to be screened (43% compared to males 20%) and 

this was, in contrast to males, unaffected by race, geographic region, resident city size, 

and glucose intolerance/diabetes but affected by HCV infection. Rates of non-HCC 

cancer screening were increased in both men and women who were infected by HBV and 

decreased in those who had unknown CCI scores (likely because of a lack of medical 

care). HCV infection among women and HBV infection among both sexes increased 

rates of non-HCC cancer screening reflecting an increased attention and concern about 

their general health.  Why, among men, HBV infection but not HCV infection was 

strongly associated with non-HCC screening is likely related to the aforementioned 

hypothesis that HBV infection is frequently misdiagnosed and may be reflecting HBV 

vaccination. In this case, HBV vaccination is itself a type of preventive medical care and 

would thus, certainly, be associated with other preventive medical care services, as 
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receipt of routine non-HCC cancer screening tests. It is possible that, as mentioned above, 

this diagnosis code may simply be an indication of previous vaccination, and in this case, 

this may simply be another form of preventive medical care. Consistent with other 

studies, whites were more likely to be screened.52, 54 

  

We chose to dichotomize stage into stage I-III and stage IV after exploratory multinomial 

regression analyses revealed a distinction between these two groups by non-HCC 

screening (data not shown). A slightly higher proportion of women had their HCC 

detected at a non-late stage compared to men (82% to 79%). Previous studies have 

confirmed that women are more likely to receive HCC screening and have their cancer 

detected at an earlier stage.42, 47, 48, 144, 145 Though there has been a paucity of studies 

examining predictors of stage of diagnosis in HCC patients; there have been several 

studies on the predictors of HCC screening, which would lead to earlier stage of 

detection.146 

  

Asians were more likely to be detected at a non-late stage of HCC, likely related to their 

increased prevalence of chronic hepatitis B and awareness of an increased risk of HCC. 

Indeed, white men were more likely to have their detected at a late stage than a non-late 

stage, compared to their Asian and not black or Hispanic counterparts.  Several studies 

confirm that Asian-Americans have higher rates of HCC screening.140 This effect, in our 

study, likely lead to the observation that, by multivariable Cox regression, Asian men had 

a significant reduced hazard of death compared to whites. One SEER analysis and two 

studies on US veterans (HCV-infected individuals) found that whites were more likely to 
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have their cancer detected at a localized stage and be screened than blacks, 

respectively.41, 47, 147 We did not observe a similar finding in our study, but the number of 

blacks in our sample was small (245 persons), which was further reduced in subgroup 

analyses by sex, then by stage of diagnosis.   

 

In both sexes, we found that HCV infection and [in men only] having no non-liver 

comorbidities (versus having one) increased the odds of earlier stage of diagnosis. Those 

with known HCV infection would be more likely to be screened for HCC, since they are 

likely aware of their higher risk.2, 39, 41, 47, 48 Those who have no comorbidities are likely 

more sensitive to their health, healthier, and to seek more frequent medical advice. The 

positive effect of HCV infection, we found, carried through to an approximate 20% 

reduced mortality in both sexes. HCV continued to increase odds of early stage HCC at 

diagnosis in both sexes when analysis when early stage was only considered stage I/II, 

however the effect of CCI score only remained in men (Supplementary Table 5 – D), 

indicating that is a stronger indicator of health behavior in men.    

  

Alcoholic liver disease among both men and women increased the odds of an earlier 

stage of disease at diagnosis no matter how stage was dichotomized. Sloan et al., and 

other studies found that those with alcoholic liver disease were more likely to have their 

cancer detected at a localized stage, which is consistent with our findings.2, 47, 48, 145 We 

found this effect to be more significant among women (P=0.03), though there was a 

marginal significance trend in men as well (P=0.07). This indicates that those who are 

aware and whose clinicians are aware of their alcoholic liver disease would be more 
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likely to seek HCC surveillance. Also, those who drink heavily may be more frequently 

engaged with the health-care system, as a consequence of the numerous health 

complications associated with its use. The side-effect of this may be positive in that they 

could have numerous opportunities to have their HCC suspected and managed. The 

downside of alcoholic liver disease is that this effect on earlier diagnosis of HCC does 

not translate to an improved survival. Indeed, in both men and women there is a 21% and 

42% elevation in mortality among those who have alcoholic liver disease, respectively, 

compared to their non-diseased counterparts, quite likely due to the increased underlying 

alcohol-related liver morbidity. 

  

Not surprisingly those older than 75 had increased risk of death compared to those 67-70 

years. Among men only, we observed a 16% reduced mortality in those married 

compared to unmarried. This is consistent with previous studies that have shown married 

men gained more positive health advantages compared to married women.148    

  

There were several strengths to this study. This study was population-based and 

nationally representative. The SEER registries are one of the most utilized and complete 

data sources on cancer incidence and survival data. By the linkage of SEER with 

Medicare, we were able to capture information on preexisting illnesses and risk factors, 

which could be confounders in the study. Our study was the first to focus on receipt of 

routine non-HCC cancer screening tests with a specific focus on HCC stage at detection 

and survival. By focusing only on HCC, we were able to analyze the effects of the unique 
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etiological factors that could potentially confound our results, including HCV and HBV 

infection, alcoholic liver disease, and insulin resistance/diabetes.  

  

However, there are several limitations that need to be considered. This is an observational 

study on a secondary, claims-based dataset. Thus we are limited by claims reported 

which may neither be accurate or sufficient. Frequently, diagnosis codes for high-risk 

conditions are used when screening tests are administered to ensure reimbursement by the 

Centers of Medicare and Medicaid. When we found such diagnosis codes, we did not 

count associated tests as screening but rather, they were considered diagnostic. Thus we 

may have undercounted screening tests. It is possible that we were unable to detect an 

existing relationship of receipt of routine non-HCC cancer screening tests with stage at 

diagnosis. Unless we do an interventional study, it would be impossible to determine if 

we are truly detecting screening rather than diagnostic tests. Nevertheless, the conclusion 

that a greater engagement in the health-care system improves survival is valid in either 

case.   

  

In our study, preventive medical care was operationalized by common non-HCC cancer 

screening tests. Because of data limitations, we could not include other forms of 

preventive medical care such as wellness visits, blood pressure, cholesterol, and diabetes 

screening, glaucoma exams, immunizations, and regular body weight assessments.    

  

We chose to observe the two year window before diagnosis for non-HCC screening tests. 

This period of time was previously utilized and thus validated.54 This was the shortest 
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period that can be used since the common screening tests are covered either once a year 

(PSA, mammography) or every two years (cervical cancer screening). However, in the 

case of colorectal cancer screening, Medicare coverage is every 4 (fecal occult blood test 

and flexible sigmoidoscopy) to 10 years (colonoscopy).112 Thus two years may not have 

reliably captured colorectal cancer screening resulting in an undercounting of screening 

tests, particularly in males, in whom PSA was the only other screening test available and 

was substantially less frequent than female-specific screening tests (data not shown). This 

may also be the reason why we only observed a benefit of receipt of routine non-HCC 

cancer screening tests  in increasing the odds of earlier stage of HCC among women.     

  

A moderate proportion of our sample was unstaged. On separate analysis, this group had 

survival rates comparable and worse than those with stage IV, though their utilization of 

screening was higher than those of stage IV and more comparable to stage III (Table 2). 

Thus unstaged patients represent a mixed group. Correlation of this group with the 

covariates in our study was not consistent with any other AJCC stage, making multiple 

imputation unfeasible.149 By excluding them, however, we may have created a measure 

of selection bias. It is reassuring that if such a bias was present, with less receipt of 

routine non-HCC cancer screening tests  in those with unknown AJCC stage, this would 

have caused an underestimation of our findings (bias towards the null), which has less 

concerning implications.  

  

Finally, there was an under-representation in this study of certain minorities particularly 

blacks. While in SEER-Medicare, the proportion of blacks is similar to that of the US 
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population as a whole, it is not representative of the proportion of HCC patients who are 

black. A replication of our findings in other studies with a greater representation of 

minority races would add to the external validity of our results. 

 

In the Medicare population, older Americans who received routine non-HCC cancer 

screening tests in the two years prior to diagnosis with HCC experienced an improvement 

in survival compared to those who did not receive such care. Further studies are needed 

to examine the mechanisms by which receipt of routine non-HCC cancer screening tests 

improved survival among individuals who developed HCC. 

 

 

 

 

 

 

 

 

 

6. Tables and Figures 
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Table 8: Sample Characteristics: Overall and By Sex (N=3,403)∞  

Variable Overall (%) Males (%) 

(64.9%) 

Females (%) 

(35.1%) 

 

Total  

 

3,403  

 

2,208  

 

1,195  

 

Age at Diagnosis (years): 
    

Mean (Range) 
 

76 (67-102) 

 

76 (67-101) 

 

77 (67-102) 

 

Age Group at Diagnosis (years): 
    

≤ 70  562 (16.5) 407 (18.4) 155 (13.0) 

>70-75  981 (28.8) 668 (30.3) 313 (26.2) 

>75-80  919 (27.0) 583 (26.4) 336 (28.1) 

>80  941 (27.7) 550 (24.9) 391 (32.7) 

 

AJCC Stage: 
   

I 1036 (30.4) 642 (29.1) 394 (33.0) 

II 428 (12.6) 272 (12.3) 156 (13.1) 

III 639 (18.8) 431 (19.5) 208 (17.4) 

IV 530 (15.6) 366 (16.6) 164 (13.7) 

Unknown 770 (22.6) 497 (22.5) 273 (22.9) 

 

 

Race: 

    

White  2286 (67.2) 1,552 (70.3) 734 (61.4) 

Black  245 (7.2) 137 (6.2) 108 (9.0) 
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Table 8: Sample Characteristics: Overall and By Sex (N=3,403)∞  

Variable Overall (%) Males (%) 

(64.9%) 

Females (%) 

(35.1%) 

Other€ 226 (6.6) 119 (5.4) 107 (9.0) 

Asian  491 (14.4) 309 (14.0) 182 (15.2) 

Hispanic 155 (4.6) 91 (4.1) 64 (5.4) 

 

Year of Diagnosis: 
    

2004 838 (24.6) 547 (24.8) 291 (24.4) 

2005 847 (24.9) 532 (24.1) 315 (26.4) 

2006 822 (24.2) 545 (24.7) 277 (23.2) 

2007 896 (26.3) 584 (26.5) 312 (26.1) 

SEER Registry$     

Northeast  180 (5.3) 139 (6.3) 41 (3.4) 

Mid Atlantic 467 (13.7) 325 (14.7) 142 (11.9) 

East North Central  223 (6.6) 136 (6.2) 87 (7.3) 

West North Central 141 (4.1) 90 (4.1) 51 (4.3) 

South Atlantic  87 (2.6) 64 (2.9) 23 (1.9) 

East South Central 196 (5.8) 124 (5.6) 72 (6.0) 

West South Central 206 (6.1) 145 (6.6) 61 (5.1) 

Pacific  1768 (52.0) 1095 (49.6) 673 (56.3) 

Mountain 135 (4.0) 90 (4.1) 45 (3.8) 

 

Residence: 
    

Urban/rural  358 (10.5) 250 (11.3) 108 (9.0) 

Metropolitan  3045 (89.5) 1,958 (88.7) 1,087 (91.0) 
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Table 8: Sample Characteristics: Overall and By Sex (N=3,403)∞  

Variable Overall (%) Males (%) 

(64.9%) 

Females (%) 

(35.1%) 

Income By Zip Code/Census Tract:~ 

≤$20,000  131 (3.9) 74 (3.4) 57 (4.8) 

>$20,000-40,000  1161 (34.1) 740 (33.5) 421 (35.2) 

>$40,000-60,000  1224 (36.0) 797 (36.1) 427 (35.7) 

>$60,000-80,000  594 (17.5) 402 (18.2) 192 (16.1) 

>$80,000-100,000 165 (4.9) 111 (5.0) 54 (4.5) 

>$100,000  128 (3.8) 84 (3.8) 44 (3.7) 

    

High School Degree Only By Zip 
Code (%):×     

0-20  992 (29.2) 632 (28.6) 360 (30.1) 

>20-40   2138 (62.8) 1393 (63.1) 745 (62.3) 

>40  273 (8.0) 183 (8.3) 90 (7.5) 

Marital Status:      

Unmarried  1335 (39.2) 628 (28.4) 707 (59.2) 

Married  1940 (57.0) 1495 (67.7) 445 (37.2) 

Unknown 128 (3.8) 85 (3.9) 43 (3.6) 

 

Preexisting Medical Conditions 

Hepatitis C Infection 1003 (29.5) 578 (26.2) 425 (35.6) 

Hepatitis B Infection 870 (25.6) 625 (28.3) 245 (20.5) 

Unspecified Viral Hepatitis Infection 179 (5.3) 101 (4.6) 78 (6.5) 

Alcoholic Liver Disease 471 (13.8) 342 (15.5) 129 (10.8) 

Impaired Fasting Glucose/Diabetes 
Mellitus 

2,121 (62.3) 1,367 (61.9) 754 (63.1) 
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Table 8: Sample Characteristics: Overall and By Sex (N=3,403)∞  

Variable Overall (%) Males (%) 

(64.9%) 

Females (%) 

(35.1%) 

CCI Score:     

0 1,108 (32.6) 683 (30.9) 425 (35.6) 

1 930 (27.3) 603 (27.3) 327 (27.4) 

2 596 (17.5) 396 (17.9) 200 (16.7) 

3≥  637 (18.7) 419 (19.0) 218 (18.2) 

Unknown 132 (3.9) 107 (4.9) 25 (2.1) 

Abbreviations: AJCC, American Joint  Committee on Cancer; CCI, Charlson Comorbidity Index;  

€Other race includes any other race not included here, including Native American and unknown.  

$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural 
Georgia; East South Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; 
Mid Atlantic was New Jersey; Pacific was Greater California, San Francisco, San Jose, Los Angeles, Seattle, 
and  Hawaii; and Mountain was New Mexico and Utah.150 

~ Subdivided along average poverty line for time period. Census tract income, zip code median income, 
census tract per capita income, and zip code per capita incomes were used in the order of priority as done 
by Shah et al21. Missing values were assumed to be of the lowest income percentile. 

× Census tract percent who have completed high school used if available, otherwise zip code tract percent 
was used. If both missing, high school education percent assumed to be 0%.140 
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Table 9: Distribution of covariates among those receiving routine non-HCC 
cancer screening 
 Males=2,208  Females=1,195  
Variable 
 

No.  and %  who 
received 

screening 

P  
Value^ 

No.  and %  who 
received screening 

P  
Value^ 

 
Total  

 
458 (20.7) 

 
 

 
519 (43.4) 

 
 

Age at Diagnosis 
(years): 

 0.1992  0.0001 

Mean 
(range) 

76 (67-91)  77 (67-100)  

 
Age Group at 
Diagnosis 
(years): 

  
0.0819 

  
0.0042 

67-70  79 (19)  77 (50)  
>70-75  156 (23)  154 (49)  
>75-80  126 (22)  143 (43)  
>80  97 (18)  145 (37)  

 
AJCC Stage:   0.7732   0.0677 

I 133 (21)  186 (47)  
II 62 (23)  74 (47)  
III 81 (19)  88 (42)  
IV 76 (21)  57 (35)  
Unknown 106 (21)  114 (42)  

 
Race:   0.0781   0.5103 

White  345 (22)  333 (45)  
Black  27 (20)  41 (38)  
Other€ 23 (19)  45 (42)  
Asian  49 (16)  74 (41)  
Hispanic 14 (15)  26 (41)  

Year of 
Diagnosis: 

 0.0245  0.5732 

2004 122 (22)  123 (42)  
2005 105 (20)  129 (41)  
2006 131 (24)  123 (44)  
2007 100 (17)  144 (46)  

SEER Registry$  <.0001  0.0093 
Northeast  39 (28)  -  
Mid 
Atlantic 

49 (15)  43 (49)  

East North 
Central  

41 (30)  43 (30)  
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Table 9: Distribution of covariates among those receiving routine non-HCC 
cancer screening 
 Males=2,208  Females=1,195  
Variable 
 

No.  and %  who 
received 

screening 

P  
Value^ 

No.  and %  who 
received screening 

P  
Value^ 

West North 
Central 

29 (32)  26 (49)  

South 
Atlantic  

-  -  

East South 
Central 

36 (29)  38 (53)  

West South 
Central 

43 (30)  28 (46)  

Pacific  186 (17)  287 (43)  
Mountain -  19 (42)  

Residence:   <.0001   0.0138 
Urban/rural  376 (19)  460 (42)  
Metropolita
n  82 (33)  59 (55)  

Income By 
Census Tract:~  0.0764  0.6935 

≤$20,000  19 (26)  26 (46)  
>$20,000-
40,000  162 (22)  175 (42)  
>$40,000-
60,000  176 (22)  185 (43)  
>$60,000-
80,000  62 (15)  83 (43)  
>$80,000-
100,000 24 (22)  28 (52)  
>$100,000  15 (18)  22 (50)  

% High School 
Degree Only 
(Census)×  0.0047  0.4063 

0-20  113 (18)  163 (45)  
>20-40   292 (21)  313 (42)  
>40  53 (29)  43 (48)  

Marital Status:   0.0017  0.0769 
Unmarried  106 (17)  289 (41)  
Married  341 (23)  212 (48)  
Unknown 11 (13)  18 (42)  

Hepatitis C 
Infection  0.0754  <.0001 
        Yes 105 (18)  215 (51)  
        No 353 (22)  304 (39)  
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Table 9: Distribution of covariates among those receiving routine non-HCC 
cancer screening 
 Males=2,208  Females=1,195  
Variable 
 

No.  and %  who 
received 

screening 

P  
Value^ 

No.  and %  who 
received screening 

P  
Value^ 

Hepatitis B 
Infection  <.0001  0.0018 
         Yes 164 (26)  128 (52)  
         No 294 (19)  391 (41)  
Unspecified 
Viral Hepatitis  

 0.7920  0.0168 

          Yes 22 (22)  44 (56)  
          No 436 (21)  475 (43)  
Alcoholic Liver 
Disease 

 0.0802  0.7104 

       Yes 83 (24)  58 (45)  
       No 375 (20)  461 (43)  
Insulin 
Resistance/DM   <.0001  0.4339 
       Yes 325 (24)  321 (43)  
       No 133 (16)  198 (45)  
CCI Score:  <.0001  <.0001 

0 117(17)  198(47)  
1 143(24)  144(44)  
2 103(26)  94(47)  
3≥  95(23)  82(38)  
Unknown  0  -   

^screening vs. no screening 
-exact number 12 or less and not displayed because of NCI regulations  
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Table 10: Sample Characteristics by AJCC Stage of HCC at Diagnosis With Unknown Stage 
Excluded (N=2,633)∞   

A. Males (n=1,711) 
Variable Non-Late Stage  

(Stage I-III) 
N=1,345 

Late Stage 
(Stage IV) 

N=366 

P Value‡ 

Screening* Receipt:    0.9183 
Yes 276 (78.4) 73 (22)  
No 1,069 (78.7) 293 (21)  

 
Age at Diagnosis (Years): 

    
0.2315 

Mean 76  76   
(Range) (67-101) (67-95)  

Age Group at Diagnosis (Years):    0.6187 
≤ 70  255 (78.0) 72 (22.0)  
>70-75  423 (80.6) 102 (19.4)  
>75-80  353 (77.4) 103 (22.6)  
>80  314 (77.9) 89 (22.1)  

 
Race: 

    
0.0035 

White  904 (76.4) 279 (24)  
Black  80 (80.0) 20 (20)  
Other€ 87 (82.1) 19 (18)  
Asian  220 (87.3) 32 (13)  
Hispanic 54 (77.1) 16 (23)  

Year of Diagnosis:    0.2851 
2004 314 (76.8) 95 (23.2)  
2005 317 (77.5) 92 (22.5)  
2006 335 (78.1) 94 (21.9)  
2007 379 (81.7) 85 (18.3)  

SEER Registry$    0.6697 
Northeast  79 (78.22) 22 (21.8)  
Mid Atlantic 178 (77.73) 51 (22.3)  
East North Central  83 (79.81) 21 (20.2)  
West North Central 48 (73.85) 17 (26.2)  
South Atlantic  42 (84) -  
East South Central 75 (74.26) 26 (25.7)  
West South Central 100 (77.52) 29 (22.5)  
Pacific  697 (79.93) 175 (20.1)  
Mountain 43 (71.67) -  

Residence:    0.0412 
Urban/rural  140 (72.9) 52 (27)  
Metropolitan  1,205 (79.3) 314 (21)  

 
Income by Census Tract:~ 

    
0.3310 

≤$20,000  - 14 (23.7)  
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Table 10: Sample Characteristics by AJCC Stage of HCC at Diagnosis With Unknown Stage 
Excluded (N=2,633)∞   

A. Males (n=1,711) 
Variable Non-Late Stage  

(Stage I-III) 
N=1,345 

Late Stage 
(Stage IV) 

N=366 

P Value‡ 

>$20,000-40,000  457 (77.9) 130 (22.2)  
>$40,000-60,000  471 (76.96) 141 (23.0)  
>$60,000-80,000  248 (80.78) 59 (19.2)  
>$80,000-100,000 70 (84.34) -  
>$100,000  - -  

High School Degree Only By Zip Code 
(%):× 

   0.1426 

0-20  417 (81.6) 94 (18.4)  
>20-40   824 (77.3) 242 (22.7)  
>40  104 (77.6) 30 (22.4)  

 
Marital Status:  

   0.9078 

Unmarried  374 (77.92) 106 (22)  
Married  927 (78.89) 248 (21)  
Unknown 44 (78.57) 12 (21)  

Preexisting Medical Conditions    
 
Hepatitis C Infection 

No 

 
 

956 (76.2) 298 (24) 

 
<.0001 

Yes 389 (85.1) 68 (15)  
Hepatitis B Infection 

No 
 

965 (78.7) 262 (21.4) 
0.9512 

Yes 380 (78.5) 104 (21.5)  
Unspecified Viral Hepatitis Infection 

No 
 

- 358 (22) 
0.0109 

Yes - -  
Alcoholic Liver Disease 

No 
 

1,127 (77.8) 322 (22) 
0.0486 

Yes 218 (83.2) 44 (17)  
Impaired Fasting Glucose/Diabetes 
Mellitus 

No 

 
 

514 (77.5) 149 (22.5) 

0.3851 

Yes 831 (79.3) 217 (20.7)  
CCI Score:    0.0183 

0 453 (82.5) 96 (17)  
1 366 (76.9) 110 (23)  
2 232 (77.9) 66 (22)  
3≥  240 (77.9) 68 (22)  
Unknown  54 (67.5) 26 (33)  

Abbreviations: AJCC, American Joint  Committee on Cancer; CCI, Charlson Comorbidity Index;  
*included screening tests for colorectal cancer (either fecal occult blood test, sigmoidoscopy, colonoscopy, or barium enema) and 
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Table 10: Sample Characteristics by AJCC Stage of HCC at Diagnosis With Unknown Stage 
Excluded (N=2,633)∞   

A. Males (n=1,711) 
Variable Non-Late Stage  

(Stage I-III) 
N=1,345 

Late Stage 
(Stage IV) 

N=366 

P Value‡ 

prostate cancer (PSA). 
∞dashes inside cells indicate that cell sizes within variable category are under 12 persons and cannot be reported according to NCI 
guidelines 
‡Pearson chi-square test for all predictor variables except age where F-test was used. 
€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South Central was 
Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; Pacific was Greater 
California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per capita 
income, and zip code per capita incomes were used in the order of priority as done by Shah et al21. Missing values were assumed to 
be of the lowest income percentile. 
× Census tract percent who have completed high school used if available, otherwise zip code tract percent was used. If both missing, 
high school education percent assumed to be 0%. 
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Table 10: Unadjusted Sample Characteristics by Non-Late and Late AJCC Stage of HCC at 
Diagnosis  With Unknown Stage Excluded (N=2,633)∞   
B. Females (n=922) 

Variable Non-Late Stage 
(Stage I-III) 

N=758 

Late Stage 
(Stage IV) 
N=164 

P Value‡ 

Screening* Receipt:   0.0091 
Yes 410 (79.3) 57 (14)  
No 348 (85.9) 107 (21)  

Age at Diagnosis (Years):    0.0113  
Mean  77 78  
(Range) (67-97) (67-98)  

Age Group at Diagnosis (Years):    0.3057 
≤ 70  109 (86.5) 17 (13.5)  
>70-75  204 (83.3) 41 (16.7)  
>75-80  217 (82.5) 46 (17.5)  
>80  228 (79.2) 60 (20.8)  

 
Race: 

    
0.0661 

White  450 (79.79) 114 (20)  
Black  71 (84.52) -  
Other€ - -  
Asian  122 (84.72) 22 (15)  
Hispanic - -  

 
Year of Diagnosis: 

    
 

0.9688 
2004 171 (81.4) 39 (18.6)  
2005 202 (83.1) 41 (16.9)  
2006 182 (82.4) 39 (17.7)  
2007 203 (81.9) 45 (18.2)  

SEER Registry$    0.1051 
Northeast  20 (76.9) -  
Mid Atlantic 75 (74.3) 26 (25.7)  
East North Central  57 (83.8) -  
West North Central 29 (74.4) -  
South Atlantic  17 (89.5) -  
East South Central 50 (90.9) -  
West South Central 39 (78.0) -  
Pacific  447 (84.2) 84 (15.8)  
Mountain 24 (75.0) -  

 
Residence: 

   0.6849 

Urban/rural  62 (80.5) 15 (19)  
Metropolitan  696 (82.4) 149 (18)  
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Table 10: Unadjusted Sample Characteristics by Non-Late and Late AJCC Stage of HCC at 
Diagnosis  With Unknown Stage Excluded (N=2,633)∞   
B. Females (n=922) 

Variable Non-Late Stage 
(Stage I-III) 

N=758 

Late Stage 
(Stage IV) 
N=164 

P Value‡ 

Income by Census Tract:~ 0.8300 
≤$20,000  - -  
>$20,000-40,000  268 (83.49) 53 (16.5)  
>$40,000-60,000  276 (81.42) 63 (18.6)  
>$60,000-80,000  121 (82.31) 26 (17.7)  
>$80,000-100,000 - -  
>$100,000  - -  

High School Degree Only By Zip Code 
(%):× 

   0.6535 

0-20  233 (83.8) -  
>20-40   478 (81.7) 107 (18.3)  
>40  47 (79.7) -  
 

Marital Status:  
    

0.0027 
Unmarried  426 (79.9) 107 (20)  
Married  - 48 (13)  
Unknown - -  

Preexisting Medical Conditions    
Hepatitis C Infection   0.0013 

No 463 (79.15) 122 (21)  
Yes  295 (87.54) 42 (12)  

Hepatitis B Infection 
No 

 
595 (81.73) 

 
133 (18.3) 

0.4586 

Yes 163 (84.02) 31 (16.0)  
Unspecified Viral Hepatitis Infection 

No 
 

706 (82) 155 (18) 
0.5675 

Yes - -  
Alcoholic Liver Disease 

No 
 

- 155 (19) 
0.0134 

Yes - -  
Impaired Fasting Glucose/Diabetes 
Mellitus 

No 

 
 

273 (79.1) 

 
 

72 (20.9) 

0.5675 

Yes 485 (84.1) 92 (15.9)  
CCI Score:    0.5293 

0 269 (80.3) 66 (20)  
1 207 (81.82) 46 (18)  
2 133 (84.18) 25 (16)  
3≥  - -  
Unknown  - -  

Abbreviations: AJCC, American Joint  Committee on Cancer; CCI, Charlson Comorbidity Index;  
*Included screening tests for colorectal cancer (either fecal occult blood test, sigmoidoscopy, colonoscopy, or barium enema) and/or 
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Table 10: Unadjusted Sample Characteristics by Non-Late and Late AJCC Stage of HCC at 
Diagnosis  With Unknown Stage Excluded (N=2,633)∞   
B. Females (n=922) 

Variable Non-Late Stage 
(Stage I-III) 

N=758 

Late Stage 
(Stage IV) 
N=164 

P Value‡ 

breast and cervical cancer (mammograms, pap smears, or screening pelvic exams)  
∞dashes inside cells indicate that cell sizes within variable category are under 12 persons and cannot be reported according to NCI 
guidelines 
‡Pearson chi-square test for all predictor variables except age where F-test was used. 
€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South Central was 
Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; Pacific was Greater 
California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per capita 
income, and zip code per capita incomes were used in the order of priority as done by Shah et al21. Missing values were assumed to 
be of the lowest income percentile. 
× Census tract percent who have completed high school used if available, otherwise zip code tract percent was used. If both missing, 
high school education percent assumed to be 0%. 
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Table 11A: Joint Relationship Between Predictors and AJCC Stage (Late versus Non-
Late) of HCC at Diagnosis in a SEER-Medicare Cohort, 2004-2007, after Adjusting for 
Covariates  - Males (N=1,711)∞^  

Predictor Odds Ratio  
(Late Stage/Non-

Late Stage) 

95% CI P 
Value 

Screening Receipt:*   0.84 
Yes 0.97 (0.72-1.31) 
No 1.00 Referent   

 
Age Group at Diagnosis (Years): 

   
0.79 

≤ 70  1.00  Referent   
>70-75  0.85 (0.60-1.21) 
>75-80  0.95 (0.66-1.36) 
>80  0.87 (0.60-1.27) 

 
Race: 

   
0.04 

White  1.00 Referent  
Asian  0.51 (0.34-0.79) 
Black  0.83 (0.47-1.44) 
Hispanic 0.91 (0.50-1.67) 
Other€ 0.72 (0.42-1.23) 

 
Year of Diagnosis: 

   
0.50 

2004  1.28 (0.91-1.79) 
2005  1.24 (0.89-1.74) 
2006  1.18 (0.84-1.66) 
2007  1.00  Referent  

 
SEER Registry$ 

   
0.97 

Northeast  1.00  Referent  
East North Central  0.9 (0.45-1.80) 
East South Central 1.02 (0.51-2.04) 
Mid Atlantic 1.05 (0.59-1.90) 
Mountain 1.35 (0.63-2.92) 
Pacific  1.1 (0.64-1.87) 
South Atlantic  0.72 (0.29-1.79) 
West North Central 1.02 (0.47-2.22) 
West South Central 0.96 (0.49-1.88) 

Type of Residence:   0.46 
Urban/Rural  1.17 (0.77-1.77) 
Metropolitan 1.00  Referent  

 
Income  (Census):~ 

   
0.66 

≤$20,000  1.00  Referent  
>$20,000-40,000  0.82 (0.42-1.59) 
>$40,000-60,000  0.93 (0.47-1.83) 
>$60,000-80,000  0.76 (0.37-1.56) 
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Table 11A: Joint Relationship Between Predictors and AJCC Stage (Late versus Non-
Late) of HCC at Diagnosis in a SEER-Medicare Cohort, 2004-2007, after Adjusting for 
Covariates  - Males (N=1,711)∞^  

Predictor Odds Ratio  
(Late Stage/Non-

Late Stage) 

95% CI P 
Value 

>$80,000-100,000 0.62 (0.25-1.53) 
>$100,000  0.62 (0.23-1.70) 

 
% High School Degree Only× 

   
0.74 

0-20  1.00  Referent  
>20-40   1.10 (0.80-1.51) 
>40  0.97 (0.55-1.71) 

 
Marital Status:  

   
0.91 

Married  1.00  Referent  
Unmarried  1.06 (0.81-1.39) 
Unknown 1.00 (0.51-1.97) 

 
Preexisting Medical Conditions 

   

 
Hepatitis C Infection:  

Yes Versus No 

 
 

0.66 

 
 

(0.48-0.90) 

 
 

0.01 
 
Hepatitis B Infection:  

Yes Versus No 

 
 

1.03 

 
 

(0.78-1.36) 

 
 

0.84 
 
Unspecified Viral Hepatitis 

Infection: Yes Versus No 

 
 

0.63 

 
 

(0.29-1.36) 

 
 

0.24 
 
Alcoholic Liver Disease:  

Yes Versus No 

 
 

0.71 

 
 

(0.50-1.02) 

 
 

0.07 
 
Impaired Fasting 
Glucose/Diabetes Mellitus:  

Yes Versus No 

 
 
 

0.84 

 
 
 

(0.64-1.11) 

 
 
 

0.22 
 
CCI Score: 

   
 

0.05 0  1.00  Referent  
1  1.51 (1.09-2.09) 
2  1.41 (0.96-2.07) 
3≥  1.52 (1.03-2.24) 
Unknown  1.82 (1.05-3.16) 

AJCC: American Joint Commission on Cancer; CI: Confidence Interval; CCI: Charlson Comorbidity Index 
^Unknown stage excluded in multivariable analysis  
‡Based on chi-square p-values from a logit model 
*Screening tests included those for colorectal cancer (either fecal occult blood test, sigmoidoscopy, colonoscopy, or 
barium enema) and prostate cancer (PSA).  
€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South 
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Table 11A: Joint Relationship Between Predictors and AJCC Stage (Late versus Non-
Late) of HCC at Diagnosis in a SEER-Medicare Cohort, 2004-2007, after Adjusting for 
Covariates  - Males (N=1,711)∞^  

Predictor Odds Ratio  
(Late Stage/Non-

Late Stage) 

95% CI P 
Value 

Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; 
Pacific was Greater California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico 
and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per 
capita income, and zip code per capita incomes were used in the order of priority as done by Shah et al. Missing values 
were assumed to be of the lowest income percentile. 
×Percent within census tract who have completed high school only; if not available, zip code tract percent was used. If 
both missing, high school education only percent assumed to be >40%. 
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Table 11B: Joint Relationship Between Predictors and AJCC Stage (Late versus Non-
Late) of HCC at Diagnosis in a SEER-Medicare Cohort, 2004-2007, after Adjusting for 
Covariates - Females (N=922)∞^  

Predictor Odds Ratio  
(Late Stage/Non-

Late Stage) 

95% CI P 
Value 

Screening Receipt:*   0.01 
Yes 0.62 (0.43-0.91)  
No 1.00  Referent    

 
Age Group (Years): 

   
0.89 

≤ 70  1.00  Referent    
>70-75  1.25 (0.66-2.38)  
>75-80  1.15 (0.61-2.17)  
>80  1.07 (0.57-2.01)  

 
Race: 

   
0.08 

White  1.00  Referent   
Asian  0.80 (0.46-1.40)  
Black  0.58 (0.28-1.20)  
Hispanic 0.89 (0.40-1.97)  
Other€ 0.30 (0.12-0.74)  

 
Year of Diagnosis: 

   
0.98 

2004  1.00 (0.60-1.65)  
2005  0.92 (0.57-1.51)  
2006  1.02 (0.62-1.69)  
2007  1.00  Referent   

 
SEER Registry$ 

   
0.40 

Northeast  1.00  Referent   
East North Central  0.69 (0.22-2.19)  
East South Central 0.28 (0.07-1.10)  
Mid Atlantic 0.96 (0.33-2.76)  
Mountain 0.97 (0.26-3.57)  
Pacific  0.67 (0.25-1.84)  
South Atlantic  0.39 (0.07-2.40)  
West North Central 1.05 (0.29-3.72)  
West South Central 1.04 (0.32-3.41)  

 
Residence: 

   
0.76 

Urban/Rural  1.12 (0.54-2.34)  
Metropolitan 1.00  Referent   

 
Income (Census):~ 

   
0.76 

≤$20,000  1.00  Referent   
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Table 11B: Joint Relationship Between Predictors and AJCC Stage (Late versus Non-
Late) of HCC at Diagnosis in a SEER-Medicare Cohort, 2004-2007, after Adjusting for 
Covariates - Females (N=922)∞^  

Predictor Odds Ratio  
(Late Stage/Non-

Late Stage) 

95% CI P 
Value 

>$20,000-40,000  0.67 (0.26-1.75)  
>$40,000-60,000  0.81 (0.31-2.15)  
>$60,000-80,000  0.82 (0.29-2.29)  
>$80,000-100,000 0.58 (0.16-2.19)  
>$100,000  1.20 (0.33-4.33)  

 
% High School Degree Only× 

   
0.98 

0-20  1.00  Referent   
>20-40   0.98 (0.61-1.57)  
>40  0.92 (0.40-2.14)  

 
Marital Status: 

   
0.01 

Married  1.00  Referent   
Unmarried  1.63 (1.10-2.42)  
Unknown 3.64 (1.45-9.14)  

 
Preexisting Medical Conditions 
 

   

 
Hepatitis C Infection:  

Yes Versus No 

 
 

0.60 

 
 

(0.40-0.90) 

 
 

0.01 
Hepatitis B Infection:  

Yes Versus No 
 

0.83 
 

(0.52-1.32) 
 

0.42 
Unspecified Viral Hepatitis 

Infection: Yes Versus No 
 

1.21 
 

(0.55-2.65) 
 

0.64 
Alcoholic Liver Disease:  

Yes Versus No 
 

0.45 
 

(0.21-0.94) 
 

0.03 
 
Impaired Fasting 
Glucose/Diabetes Mellitus:  

Yes Versus No 

 
 
 

0.80 

 
 
 

(0.54-1.20) 

 
 
 

0.28 
 
CCI Score: 

   
0.85 

0  1.00  Referent   
1  0.99 (0.62-1.57)  
2  0.81 (0.46-1.44)  
3≥  0.75 (0.41-1.36)  
Unknown  0.86 (0.29-2.59)  

AJCC: American Joint Commission on Cancer; CI: Confidence Interval; CCI: Charlson Comorbidity Index 
^Unknown stage excluded in multivariable analysis  
‡Based on chi-square p-values from a logit model 
*Screening tests among males included those for colorectal cancer (either fecal occult blood test, sigmoidoscopy, 
colonoscopy, or barium enema) and prostate cancer (PSA).  
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Table 11B: Joint Relationship Between Predictors and AJCC Stage (Late versus Non-
Late) of HCC at Diagnosis in a SEER-Medicare Cohort, 2004-2007, after Adjusting for 
Covariates - Females (N=922)∞^  

Predictor Odds Ratio  
(Late Stage/Non-

Late Stage) 

95% CI P 
Value 

€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South 
Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; 
Pacific was Greater California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico 
and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per 
capita income, and zip code per capita incomes were used in the order of priority as done by Shah et al. Missing values 
were assumed to be of the lowest income percentile. 
×Percent within census tract who have completed high school only; if not available, zip code tract percent was used. If 
both missing, high school education only percent assumed to be >40%. 
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Figure 3A: Kaplan-Meier survival estimates among men. A. Overall; Stratified by B. non-HCC 
screening (P=0.057); C. AJCC stage at diagnosis (P<0.0001); D. race (P<0.0001); E.  marital status 
(P<0.001);  F. hepatitis C  (P<0.0001); G. Charlson Comorbidity Index (CCI, P=0.002). 
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Figure 4: Kaplan-Meier survival estimates among women. A. Overall; 
Stratified by B. non-HCC screening (P<0.001); C. AJCC stage at diagnosis 
(P=<.0001); D.  race (P=0.183); E.  marital status (P=0.036);  F. hepatitis 
C  (P<0.0001); G. Charlson Comorbidity Index (CCI, P=0.153) . 
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Table 12: Risk of Mortality Stratified According to Sex Among HCC Patients Diagnosed 
from 2004-2007 (SEER-Medicare Cohort, N=2,633)^  
 
A. Males (n=1,711) 
 
Variable  # of Deaths  

(N=1,160) 
Hazard Ratio  

(95% Confidence Interval) 
  Unadjusted Adjusted¥ 

 
Screening Receipt:‡    

No 938 1.00 (Referent) 1.00 (Referent) 
Yes  222 0.87 (0.75-1.01) 0.84 (0.72-0.98) 

 
AJCC Stage: 

   

Stage I 360 1.00 (Referent) 1.00 (Referent) 
Stage II 148 0.95 (0.79-1.15) 1.03 (0.84-1.25) 
Stage III 327 1.90 (1.63-2.21) 2.01 (1.72-2.34) 
Stage IV 325 3.32 (2.84-3.87) 3.37 (2.87-3.94) 

 
Age Group at Diagnosis 
(years): 

   

≤ 70  206 1.00 (Referent) 1.00 (Referent) 
>70-75  339 0.98 (0.82-1.16) 1.04 (0.87-1.25) 
>75-80  305 1.06 (0.89-1.27) 1.03 (0.86-1.24) 
>80  310 1.36 (1.14-1.63) 1.30 (1.08-1.56) 

 
Race: 

   

White  826 1.00 (Referent) 1.00 (Referent) 
Asian  74 0.68 (0.57-0.81) 0.76 (0.62-0.92) 
Black  67 1.25 (0.99-1.59) 1.18 (0.91-1.54) 
Hispanic 139 1.38 (1.05-1.81) 1.33 (0.99-1.78) 
Other€ 54 0.75 (0.59-0.96) 0.82 (0.63-1.07) 

 
Year of Diagnosis: 

   

2004  362 1.24 (1.03-1.49) 1.14 (0.94-1.37) 
2005  318 1.08 (0.89-1.31) 0.97 (0.80-1.18) 
2006  301 1.21 (1.00-1.46) 1.13 (0.93-1.37) 
2007  179 1.00 (Referent) 1.00 (Referent) 

 
 
SEER Registry$ 

   

Northeast  75 1.00 (Referent) 1.00 (Referent) 
Mid Atlantic 158 1.18 (0.86-1.61) 1.1 (0.80-1.52) 
East North Central  79 1.11 (0.81-1.54) 1.02 (0.73-1.44) 
West North Central 47 0.96 (0.73-1.26) 0.94 (0.71-1.24) 
South Atlantic  33 0.95 (0.65-1.41) 0.86 (0.58-1.29) 
East South Central 72 0.91 (0.71-1.16) 1.01 (0.78-1.31) 
West South Central 94 0.93 (0.62-1.40) 0.99 (0.65-1.50) 
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Table 12: Risk of Mortality Stratified According to Sex Among HCC Patients Diagnosed 
from 2004-2007 (SEER-Medicare Cohort, N=2,633)^  
 
A. Males (n=1,711) 
 
Variable  # of Deaths  

(N=1,160) 
Hazard Ratio  

(95% Confidence Interval) 
  Unadjusted Adjusted¥ 

Pacific  563 0.96 (0.67-1.38) 0.96 (0.66-1.42) 
Mountain 39 1.11 (0.82-1.50) 1.12 (0.81-1.55) 

 
Residence: 

   

Urban/Rural  134 1.12 (0.93-1.34) 1.03 (0.83-1.27) 
Metropolitan 1,026 1.00 (Referent) 1.00 (Referent) 

 
Income:~ 

   

≤$20,000  44 1.00 (Referent) 1.00 (Referent) 
>$20,000-40,000  410 0.87 (0.64-1.18) 0.92 (0.67-1.28) 
>$40,000-60,000  420 0.82 (0.60-1.13) 0.91 (0.65-1.27) 
>$60,000-80,000  205 0.77 (0.56-1.07) 0.95 (0.67-1.36) 
>$80,000-100,000 48 0.57 (0.38-0.86) 0.74 (0.48-1.15) 
>$100,000  33 0.47 (0.30-0.74) 0.57 (0.35-0.92) 

 
% High School Degree 
Only× 

   

0-20  326 1.00 (Referent) 1.00 (Referent) 
>20-40   749 1.23 (1.08-1.40) 1.07 (0.91-1.25) 
>40  85 1.10 (0.87-1.40) 0.95 (0.71-1.26) 

 
 
 
Marital Status:  

   

Married  342 1.00 (Referent) 1.00 (Referent) 
Unmarried  780 1.30 (1.15-1.48) 1.19 (1.04-1.36) 
Unknown 
 

38 1.15 (0.83-1.59) 1.00 (0.72-1.40) 

 
Preexisting Medical 
Conditions 
 

   

 
Hepatitis C:  

Yes   
No 

 
 

269 
891 

 
 

0.72 (0.63-0.82) 
1.00 (Referent) 

 
 

0.80 (0.69-0.93) 
1.00 (Referent) 

Hepatitis B:  
Yes  
No 

 
320 
840 

 
0.91 (0.80-1.04) 
1.00 (Referent) 

 
0.92 (0.80-1.06) 
1.00 (Referent) 

Unspecified Viral:     
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Table 12: Risk of Mortality Stratified According to Sex Among HCC Patients Diagnosed 
from 2004-2007 (SEER-Medicare Cohort, N=2,633)^  
 
A. Males (n=1,711) 
 
Variable  # of Deaths  

(N=1,160) 
Hazard Ratio  

(95% Confidence Interval) 
  Unadjusted Adjusted¥ 

Yes  
No 

45 
1,115 

0.62 (0.46-0.84) 
1.00 (Referent) 

0.81 (0.59-1.11) 
1.00 (Referent) 

Alcoholic Liver 
Disease:  

Yes 
 No 

 
 

181 
979 

 
 

0.97 (0.83-1.14) 
1.00 (Referent) 

 
 

1.21 (1.02-1.43) 
1.00 (Referent) 

Impaired Fasting 
Glucose/Diabetes 
Mellitus:  

Yes 
No 

 
 
 

700 
460 

 
 
 

0.94 (0.84-1.06) 
1.00 (Referent) 

 
 
 

0.94 (0.81-1.08) 
1.00 (Referent) 

 
 
CCI: 

   

0  349 1.00 (Referent) 1.00 (Referent) 
1  322 1.04 (0.89-1.21) 0.97 (0.82-1.14) 
2  208 1.05 (0.88-1.25) 1.03 (0.85-1.24) 
3≥  218 1.20 (1.01-1.42) 1.25 (1.03-1.52) 
Unknown  63 1.66 (1.27-2.17) 1.14 (0.85-1.51) 

HCC: Hepatocellular Carcinoma; AJCC: American Joint Commission on Cancer; CI: Confidence Interval; CCI: Charlson 
Comorbidity Index 
^Unknown stage excluded   
¥Adjusted for all other variables in the table in a Cox proportional hazards model 
‡included screening tests for colorectal cancer (either fecal occult blood test, sigmoidoscopy, colonoscopy, or barium 
enema) and prostate cancer (PSA)  
*Significant at the alpha 0.05 level 
€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South 
Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; 
Pacific was Greater California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico 
and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per 
capita income, and zip code per capita incomes were used in the order of priority as done by Shah et al. Missing values 
were assumed to be of the lowest income percentile. 
×Percent within census tract who have completed high school only; if not available, zip code tract percent was used. If 
both missing, high school education only percent assumed to be >40%. 
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Table 12: Risk of Mortality Stratified According to Sex Among HCC Patients Diagnosed 
from 2004-2007 (SEER-Medicare Cohort, N=2,633)^  
 
B. Females (n=922) 
 
 
Variable  Number 

of Deaths  
(N=619) 

Hazard Ratio (95% Confidence Interval) 

  Unadjusted Adjusted¥ 
 
Screening Receipt:‡ 

   

No 373 1.00 (Referent) 1.00 (Referent) 
Yes  246 0.74 (0.63-0.87) 0.83 (0.70-0.99) 

 
AJCC Stage: 

   

Stage I 228 1.00 (Referent) 1.00 (Referent) 
Stage II 86 0.90 (0.70-1.15) 0.94 (0.73-1.22) 
Stage III 156 2.04 (1.66-2.51) 2.00 (1.61-2.49) 
Stage IV 149 4.10 (3.30-5.09) 4.09 (3.26-5.13) 

 
Age Group at Diagnosis 
(years): 

   

≤ 70  71 1.00 (Referent) 1.00 (Referent) 
>70-75  160 1.31 (0.99-1.73) 1.34 (1.00-1.78) 
>75-80  174 1.37 (1.04-1.80) 1.48 (1.11-1.97) 
>80  214 1.90 (1.45-2.49) 1.86 (1.40-2.48) 

 
Race: 

   

White  386 1.00 (Referent) 1.00 (Referent) 
Asian  64 0.86 (0.68-1.09) 1.03 (0.79-1.34) 
Black  49 1.12 (0.86-1.46) 1.06 (0.78-1.43) 
Hispanic 86 0.95 (0.67-1.35) 1.01 (0.69-1.47) 
Other€ 34 0.75 (0.56-1.01) 0.86 (0.62-1.19) 

 
Year of Diagnosis: 

   

2004  181 1.24 (0.96-1.60) 1.40 (1.07-1.82) 
2005  196 1.28 (1.00-1.64) 1.28 (1.00-1.66) 
2006  145 1.09 (0.84-1.41) 1.28 (0.98-1.68) 
2007  97 1.00 (Referent) 1.00 (Referent) 

 
 
SEER Registry$ 

   

Northeast  20 1.00 (Referent) 1.00 (Referent) 
Mid Atlantic 67 1.32 (0.78-2.22) 1.37 (0.80-2.33) 
East North Central  48 1.67 (0.98-2.85) 1.44 (0.82-2.54) 
West North Central 29 1.09 (0.66-1.80) 0.99 (0.59-1.64) 
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Table 12: Risk of Mortality Stratified According to Sex Among HCC Patients Diagnosed 
from 2004-2007 (SEER-Medicare Cohort, N=2,633)^  
 
B. Females (n=922) 
 
 
Variable  Number 

of Deaths  
(N=619) 

Hazard Ratio (95% Confidence Interval) 

  Unadjusted Adjusted¥ 
South Atlantic  12 1.86 (1.04-3.32) 1.30 (0.70-2.39) 
East South Central 41 1.03 (0.66-1.61) 1.08 (0.67-1.73) 
West South Central 36 1.30 (0.63-2.65) 2.24 (1.07-4.72) 
Pacific  339 1.34 (0.76-2.38) 1.22 (0.65-2.27) 
Mountain 27 1.10 (0.64-1.91) 1.09 (0.62-1.90) 

 
Residence: 

   

Urban/Rural  58 1.33 (1.01-1.74) 1.07 (0.77-1.49) 
Metropolitan 561 1.00 (Referent) 1.00 (Referent) 

 
Income:~ 

   

≤$20,000  26 1.00 (Referent) 1.00 (Referent) 
>$20,000-40,000  226 0.81 (0.54-1.22) 0.92 (0.60-1.42) 
>$40,000-60,000  227 0.76 (0.50-1.14) 0.87 (0.56-1.35) 
>$60,000-80,000  93 0.68 (0.44-1.05) 0.83 (0.51-1.33) 
>$80,000-100,000 23 0.58 (0.33-1.02) 0.65 (0.35-1.19) 
>$100,000  24 0.73 (0.42-1.27) 0.68 (0.36-1.26) 

 
 
% High School Degree 
Only× 

   

0-20  180 1.00 (Referent) 1.00 (Referent) 
>20-40   397 1.14 (0.96-1.36) 1.00 (0.81-1.23) 
>40  42 0.98 (0.70-1.38) 0.82 (0.55-1.23) 

 
Marital Status:  

   

Married  366 1.00 (Referent) 1.00 (Referent) 
Unmarried  233 1.22 (1.04-1.44) 0.94 (0.79-1.12) 
Unknown 
 
 

20 1.40 (0.89-2.21) 1.14 (0.71-1.83) 

Preexisting Medical Conditions 
 
 
Hepatitis C:  

Yes   
No 

 
 

190 
429 

 
 

0.61 (0.52-0.73) 
1.00 (Referent) 

 
 

0.76 (0.63-0.92) 
1.00 (Referent) 
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Table 12: Risk of Mortality Stratified According to Sex Among HCC Patients Diagnosed 
from 2004-2007 (SEER-Medicare Cohort, N=2,633)^  
 
B. Females (n=922) 
 
 
Variable  Number 

of Deaths  
(N=619) 

Hazard Ratio (95% Confidence Interval) 

  Unadjusted Adjusted¥ 
Hepatitis B:  

Yes  
No 

116 
503 

0.82 (0.67-1.00) 
1.00 (Referent) 

0.88 (0.71-1.10) 
1.00 (Referent) 

Unspecified Viral 
Hepatitis:  
Yes  
No 

 
 

31 
588 

 
 

0.61 (0.42-0.87) 
1.00 (Referent) 

 
 

0.79 (0.54-1.15) 
1.00 (Referent) 

Alcoholic Liver 
Disease:  

Yes 
 No 

 
 

65 
554 

 
 

0.95 (0.74-1.23) 
1.00 (Referent) 

 
 

1.42 (1.08-1.87) 
1.00 (Referent) 

Impaired Fasting 
Glucose/Diabetes 
Mellitus:  

Yes 
No 

 
 
 

390 
229 

 
 
 

1.02 (0.87-1.21) 
1.00 (Referent) 

 
 
 

1.02 (0.84-1.24) 
1.00 (Referent) 

 
CCI Score: 

   

0  210 1.00 (Referent) 1.00 (Referent) 
1  170 1.07 (0.88-1.31) 1.07 (0.86-1.33) 
2  108 1.14 (0.90-1.44) 1.12 (0.87-1.46) 
3≥  116 1.34 (1.06-1.68) 1.27 (0.97-1.65) 
Unknown  15 1.24 (0.73-2.09) 0.92 (0.53-1.60) 

HCC: Hepatocellular Carcinoma; AJCC: American Joint Commission on Cancer; CI: Confidence Interval; CCI: Charlson 
Comorbidity Index 
^Unknown stage excluded   
¥Adjusted for all other variables in the table in a Cox proportional hazards model 
‡included screening tests for colorectal cancer (either fecal occult blood test, sigmoidoscopy, colonoscopy, or barium 
enema) and/or breast and cervical cancer (mammograms, pap smears, or screening pelvic exams)  
*Significant at the alpha 0.05 level 
€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South 
Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; 
Pacific was Greater California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico 
and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per 
capita income, and zip code per capita incomes were used in the order of priority as done by Shah et al. Missing values 
were assumed to be of the lowest income percentile. 
×Percent within census tract who have completed high school only; if not available, zip code tract percent was used. If 
both missing, high school education only percent assumed to be >40%. 
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7. Supplementary Tables 

 

a. Supplementary Table 1: Colorectal Cancer Screening Procedure Codes. 

Type of Test ICD-9 Codes HCPCS Codes CPT Codes 

Fecal occult 

blood test 

(FOBT) 

NA G0107 82270, 82274 

Sigmoidoscopy 45.24, 45.42, 48.21-

48.25 

G0104 45300, 45303, 45305,  

45307–45309, 45327, 

45330, 45331-34, 

45337–45339, 45340-

2, 45345 

Colonoscopy 45.21-45.23, 45.25 G0105 (high risk) 

G0121 (nonhigh 

risk) 

45355, 45378-94, 

44397 

Barium enema NA G0106, G0120, 

G0122 

74270, 74280 

ICD-9, International Classification of Diseases, 9th Revision, Clinical Modification; HCPCS, Healthcare Common Procedure Coding 

System; CPT, Current Procedural Terminology. 

Adapted from: Schenck AP, Klabunde CN, Warren JL, Jackson E, Peacock S, P. L. Physician Visits and Colorectal Cancer Testing 

Among Medicare Enrollees in North Carolina and South Carolina, 2005. Prev Chronic Dis 2011;8(5):A112. 
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b. Supplementary Table 2: CPT And ICD-9 Codes for Medical Conditions 

Indicating Pap Smears were for Diagnostic Rather than for Screening Purposes 

 

CPT Codes  Associated ICD-9 Codes Indicating 

Diagnostic Pap Smears 

88150 Cytopathology, smears, cervical or 

vaginal (e.g., Papanicolaou), up to three 

smears;  

screening by technician under physician 

supervision; or  

88151 Cytopathology, smears, cervical or 

vaginal (e.g., Papanicolaou), up to three 

smears; requiring interpretation by 

physician.  

88156 Cytopathology, smears, cervical or 

vaginal (the Bethesda System (TBS) up to  

three smears; screening by technician 

under physician supervision; or  

88157 Cytopathology, smears, cervical or 

vaginal (the Bethesda System (TBS) up to 

three smears; requiring interpretation by 

physician. 

219.1 Corpus uteri  

219.8 Other specified parts of uterus  

219.9 Uterus, part unspecified  

233.1 Cervix uteri  

233.2 Other and unspecified female genital 

organs  

614.9 Unspecified inflammatory disease of 

female pelvic organs and tissues  

616.0 Cervicitis and endocervicitis  

616.1 Vaginitis and vulvovaginitis  

616.9 Unspecified inflammatory disease of 

cervix, vagina, and vulva  

622 Noninflammatory disorders of cervix  

622.0 Erosion and ectropion of cervix  

622.1 Dysplasia of cervix (uteri)  

622.2 Leukoplakia of cervix (uteri)  

623.1 Leukoplakia of vagina  
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623.5 Leukorrhea, not specified as infective  

625.0 Dyspareunia  

625.3 Dysmenorrhea  

626.0 Absence of menstruation  

627.0 Premenopausal menorrhagia  

627.1 Postmenopausal bleeding  

795.0 Nonspecific abnormal Papanicolaou 

smear of other site  

795.1 Nonspecific abnormal findings on 

chromosomal analysis  

Adapted from: Carriers Advisory Committee (CAC). Medicare: Pap Smear, Diagnostic and Screening Medicare News: 

The University of Mississippi Medical Center, 1995. http://www.library.umc.edu/Medicare/medi-papsmear.html. 

Accessed September 20, 2011.  
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c. Supplementary Table 3: Procedure Codes for Breast Cancer Surgeries 

Surgery Types of Surgeries Associated Billing Codes 

Breast-

Conserving 

Surgery 

Segmental/Subtotal Mastectomy, 

Lumpectomy, Quandrantectomy, 

Tylectomy, Wedge Resection, Nipple 

Resection, Excisional Biopsy, or 

Partial Mastectomy, Not Otherwise 

Specified 

ICD-9-CM procedure codes: 

85.20-85.23   

 

CPT codes: 19120, 19125, 

19126, 19160, 19162 

Mastectomy Subcutaneous, Total (Simple), 

Modified Radical, Radical, or 

Extended Radical Mastectomy 

ICD-9-CM procedure codes: 

85.41, 854.2, 854.3, 85.44, 

85.45-85.48   

 

CPT codes: 19240, 19220, 

19180, 19182 

ICD-9-CM: Internal Classification of Disease, 9th revision, Clinical Modification; CPT: Current Procedural 

Terminology. 

Adapted from: Haggstrom DA, Quale C, Smith-Bindman R. Differences in the quality of breast cancer care among 

vulnerable populations. Cancer 2005;104:2347-2358. 
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d. Supplementary Table 4: Screening by AJCC Stage 

Males (n=2,208) 

 Stage I Stage II Stage III Stage IV Unknown P value 

Screening: no. (%) 

Yes 133 (21) 62 (23) 81 (19) 76 (21) 106 (21) 0.7732 

No 509 (79) 210 (77) 350 (81) 290 (79) 391 (79)  

Females (n=1,195) 

 Stage I Stage II Stage III Stage IV Unknown P value 

Screening: no. (%) 

Yes 186 (47) 74 (47) 88 (42) 57 (35) 114 (42) 0.0677 

No 208 (53) 82 (53) 120 (58) 107 (65) 159 (58)  
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e. Supplementary Table 5: Predictors by Stage Of HCC At Diagnosis (Stages I/II 

Versus Stages III/IV) 

A: Sample Characteristics by AJCC Stage of HCC at Diagnosis With Unknown Stage 
Excluded (N=2,633)∞   

Males (n=1,711) 
Variable Early Stage  

(Stage I-II) 
N=914 

Late Stage 
(Stage III-IV) 

N=797 

P Value‡ 

Screening* Receipt:    0.4037 
Yes 195 (55) 157 (45)  
No 719 (53) 640 (47)  

Age Group at Diagnosis (Years):    0.1090 
67-≤70  181 (55) 146 (45)  
>70-75  299 (57) 226 (43)  
>75-80  229 (50) 227 (50)  
>80  205 (51) 198 (49)  

Race:    0.1238 
White  615 (52) 568 (48)  
Black  51 (51) 49 (49)  
Other€ 56 (53) 50 (47)  
Asian  154 (61) 98 (39)  
Hispanic 38 (54) 32 (46)  

Year of Diagnosis:    0.2744 
2004 211 (52) 198 (48)  
2005 218 (53) 191 (47)  
2006 220 (51) 209 (49)  
2007 265 (57) 199 (43)  

SEER Registry$    0.3154 
Northeast  50 (50)         51 (51)  
Mid Atlantic 122 (53) 107 (47)  
East North Central  51 (49) 53 (51)  
West North Central 29 (45) 36 (55)  
South Atlantic  31 (62) 19 (38)  
East South Central 49 (49) 52 (51)  
West South Central 79 (61) 50 (39)  
Pacific  472 (54) 400 (46)  
Mountain 31 (52) 29 (48)  

Residence:    0.3929 
Non-metropolitan  97 (51) 95 (49)  
Metropolitan  817 (54) 702 (46)  

 
 
Income by Census Tract:~ 

    
 

0.1576 
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A: Sample Characteristics by AJCC Stage of HCC at Diagnosis With Unknown Stage 
Excluded (N=2,633)∞   

Males (n=1,711) 
Variable Early Stage  

(Stage I-II) 
N=914 

Late Stage 
(Stage III-IV) 

N=797 

P Value‡ 

≤$20,000  30 (51) 29 (49)  
>$20,000-40,000  307 (52) 280 (48)  
>$40,000-60,000  311 (51) 301 (49)  
>$60,000-80,000  176 (57) 131 (43)  
>$80,000-100,000 51 (61) 32 (39)  
>$100,000  39 (62) 24 (38)  

% with High School Degree Only:×    0.3510 
0-20  284 (56) 227 (44)  
>20-40   555 (52) 511 (48)  
>40  75 (56) 59 (44)  

Marital Status:     0.6504 
Unmarried  248 (52) 232 (48)  
Married  635 (54) 540 (46)  
Unknown 31 (55) 25 (45)     

Preexisting Medical Conditions    
Hepatitis C Infection 

No 
 

626 (50) 
 

628 (50) 
<.0001 

Yes 288 (63) 169 (37)  
Hepatitis B Infection 

No 
 

649 (53) 
 

578 (47) 
0.4875 

Yes 265 (55) 219 (45)  
Unspecified Viral Hepatitis  

No 
 

865 (53) 
 

766 (47) 
0.1504 

Yes 49 (61) 31 (39)  
Alcoholic Liver Disease 

No 
 

751 (52) 
 

698 (48) 
0.0019 

Yes 163 (62) 99 (38)  
Impaired Fasting Glucose/Diabetes  

No 
 

350 (53) 
 

313 (47) 
0.6784 

Yes 564 (54) 484 (46)  
CCI Score:    0.0183 

0 314 (57) 235 (43)  
1 232 (49) 244 (51)  
2 155 (52) 143 (48)  
3≥  177 (57) 131 (43)  
Unknown  36 (45) 44 (55)  

Abbreviations: AJCC, American Joint  Committee on Cancer; CCI, Charlson Comorbidity Index;  
Note that percents may not add to 100% in each row because of rounding 
*included among males: screening tests for colorectal cancer (either fecal occult blood test, sigmoidoscopy, colonoscopy, 
or barium enema) and prostate cancer (PSA). 
∞dashes inside cells indicate that cell sizes within variable category are under 12 persons and cannot be reported 
according to NCI guidelines 
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A: Sample Characteristics by AJCC Stage of HCC at Diagnosis With Unknown Stage 
Excluded (N=2,633)∞   

Males (n=1,711) 
Variable Early Stage  

(Stage I-II) 
N=914 

Late Stage 
(Stage III-IV) 

N=797 

P Value‡ 

‡Pearson chi-square test for all predictor variables except age where F-test was used. 
€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South 
Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; 
Pacific was Greater California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico 
and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per 
capita income, and zip code per capita incomes were used in the order of priority as done by Shah et al21. Missing values 
were assumed to be of the lowest income percentile. 
× Census tract percent who have completed high school used if available, otherwise zip code tract percent was used. If 
both missing, high school education percent assumed to be 0%. 
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B: Sample Characteristics by AJCC Stage of HCC at Diagnosis With Unknown Stage 
Excluded (N=2,633)∞   
Females (n=922) 

Variable Early  
(Stage I-II) 

N=550 

Late 
(Stage III-IV) 

N=372 

P Value‡ 

Screening* Receipt:   0.0128 
Yes 260 (64) 145 (36)  
No 290 (56) 227 (44)  

Age Group at Diagnosis (Years):    0.0974 
67-≤70  79 (63) 47 (37)  
>70-75  149 (61) 96 (39)  
>75-80  167 (64) 96 (37)  
>80  155 (54) 133 (46)  

Race:   0.6958 
White  329 (58) 235 (42)  
Black  49 (58) 35 (42)  
Other€ 52 (66) 27 (34)  
Asian  90 (63) 54 (38)  
Hispanic 30 (59) 21 (41)  

Year of Diagnosis:   0.1434 
2004 132 (63) 78 (37)  
2005 147 (60) 96 (40)  
2006 138 (62) 83 (38)  
2007 133 (54) 115 (46)  

SEER Registry$    0.1529 
Northeast  16 (62) -  
Mid Atlantic 55 (54) 46 (46)  
East North Central  38 (55) 31 (45)  
West North Central 20 (51) 19 (49)  
South Atlantic  16 (84) -  
East South Central 34 (62) 21 (38)  
West South Central 30 (60) 20 (40)  
Pacific  327 (62) 204 (38)  
Mountain 14 (44) 18 (56)  

Residence:    0.6391 
Non-metropolitan 44 (57) 33 (43)  
Metropolitan  506 (60) 339 (40)  
 
 
 

Income by Census Tract:~ 

   
 
 

0.7758 
≤$20,000  21 (60) 14 (40)  
>$20,000-40,000  195 (61) 126 (39)  
>$40,000-60,000  196 (58) 143 (42)  
>$60,000-80,000  93 (63) 54 (37)  
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B: Sample Characteristics by AJCC Stage of HCC at Diagnosis With Unknown Stage 
Excluded (N=2,633)∞   
Females (n=922) 

Variable Early  
(Stage I-II) 

N=550 

Late 
(Stage III-IV) 

N=372 

P Value‡ 

>$80,000-100,000 26 (60) 17 (40)  
>$100,000  19 (51) 18 (49)  

% with High School Degree Only:×    0.5604 
0-20  170 (61) 108 (39)  
>20-40   342 (58) 243 (42)  
>40  38 (64) 21 (36)  

Marital Status:     0.0024 
Unmarried  302 (57) 231 (43)  
Married  - 125 (34)  
Unknown - 16 (62)  

Preexisting Medical Conditions    
Hepatitis C Infection   <0.0001 

No 312 (53) 273 (47)  
Yes  238 (71) 99 (29)  

Hepatitis B Infection 
No 

 
434 (60) 

 
294 (40) 

0.9641 

Yes 116 (60) 78 (40)  
Unspecified Viral Hepatitis  

No 
 

503 (58) 
 

358 (42) 
0.0042 

Yes 47 (77) 14 (23)  
Alcoholic Liver Disease 

No 
 

473 (58) 
 

348 (42) 
0.0003 

Yes 77 (76) 24 (24)  
Impaired Fasting Glucose/Diabetes 

No 
 

191 (55) 
 

154 (45) 
0.0400 

Yes 359 (62) 218 (38)  
CCI Score:    0.5617 

0 190 (57) 145 (43)  
1 151 (60) 102 (40)  
2 - 61 (39)  
3≥  100 (65) 55 (35)  
Unknown  - -  

Abbreviations: AJCC, American Joint Committee on Cancer; CCI, Charlson Comorbidity Index;  
*included screening tests for colorectal cancer (either fecal occult blood test, sigmoidoscopy, colonoscopy, or barium enema) and/or 
breast and cervical cancer (mammograms, pap smears, or screening pelvic exams)  
∞dashes inside cells indicate that cell sizes within variable category are under 12 persons and cannot be reported according to NCI 
guidelines 
‡Pearson chi-square test for all predictor variables except age where F-test was used. 
€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South Central was 
Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; Pacific was Greater 
California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per capita income, 
and zip code per capita incomes were used in the order of priority as done by Shah et al21. Missing values were assumed to be of the 
lowest income percentile. 
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× Census tract percent who have completed high school used if available, otherwise zip code tract percent was used. If both missing, 
high school education percent assumed to be 0%. 
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C: Joint Relationship Between Predictors and AJCC Stage (Late versus Early) of HCC at 
Diagnosis in a SEER-Medicare Cohort, 2004-2007 -   
Males (N=1,711)∞^  

Predictor Odds Ratio  
(Late Stage/ 
Early Stage) 

95% CI P 
Value 

Screening Receipt:*   0.27 
Yes 0.87 (0.68-1.12) 
No 1.00 Referent   

 
Age Group at Diagnosis (Years): 

   
0.33 

≤ 70  1.00  Referent   
>70-75  0.94 (0.71-1.26) 
>75-80  1.20 (0.87-1.61) 
>80  1.08 (0.79-1.48) 

 
Race: 

   
0.19 

White  1.00 Referent  
Asian  0.69 (0.50-0.94) 
Black  1.06 (0.67-1.67) 
Hispanic 0.82 (0.49-1.37) 
Other€ 0.93 (0.61-1.42) 

 
Year of Diagnosis: 

   
0.60 

2004  1.16 (0.88-1.54) 
2005  1.08 (0.82-1.42) 
2006  1.19 (0.90-1.56) 
2007  1.00  Referent  

 
SEER Registry$ 

   
0.39 

Northeast  1.00  Referent  
East North Central  0.95 (0.54-1.68) 
East South Central 0.85 (0.47-1.54) 
Mid Atlantic 0.87 (0.54-1.42) 
Mountain 0.85 (0.44-1.66) 
Pacific  0.90 (0.58-1.40) 
South Atlantic  0.60 (0.29-1.22) 
West North Central 1.05 (0.53-2.05) 
West South Central 0.55 (0.31-0.97) 

Type of Residence:   0.99 
Urban/Rural  1.00 (0.70-1.44) 
Metropolitan 1.00  Referent  

 
Income  (Census):~ 

   
0.18 

≤$20,000  1.00  Referent  
>$20,000-40,000  0.91 (0.52-1.61) 
>$40,000-60,000  0.95 (0.53-1.69) 
>$60,000-80,000  0.70 (0.38-1.28) 
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C: Joint Relationship Between Predictors and AJCC Stage (Late versus Early) of HCC at 
Diagnosis in a SEER-Medicare Cohort, 2004-2007 -   
Males (N=1,711)∞^  

Predictor Odds Ratio  
(Late Stage/ 
Early Stage) 

95% CI P 
Value 

>$80,000-100,000 0.59 (0.28-1.23) 
>$100,000  0.62 (0.28-1.35) 

 
% High School Degree Only× 

   
0.60 

0-20  1.00  Referent  
>20-40   0.99 (0.77-1.28) 
>40  0.81 (0.51-1.28) 

 
Marital Status:  

   
0.70 

Married  1.00  Referent  
Unmarried  1.09 (0.87-1.37) 
Unknown 0.91 (0.52-1.59) 

 
Preexisting Medical Conditions 

   

 
Hepatitis C Infection:  

Yes Versus No 0.63 (0.49-0.80) 

 
 

<0.001 
 
Hepatitis B Infection:  

Yes Versus No 0.96 (0.76-1.21) 

 
 

0.74 
 
Unspecified Viral Hepatitis Infection: Yes 

Versus No 1.02 (0.63-1.68) 

 
 

0.92 
 
Alcoholic Liver Disease:  

Yes Versus No 0.67 (0.51-0.89) 

 
 

0.01 

 
Impaired Fasting Glucose/Diabetes:  

Yes Versus No 

 
 
 

0.96 

 
 
 

(0.77-1.21) 

 
 
 

0.76 
 
CCI Score: 

   
 

0.04 0  1.00  Referent  
1  1.43 (1.10-1.87) 
2  1.24 (0.91-1.69) 
3≥  1.03 (0.75-1.42) 
Unknown  1.23 (0.75-2.02) 

AJCC: American Joint Commission on Cancer; CI: Confidence Interval; CCI: Charlson Comorbidity Index 
^Unknown stage excluded in multivariable analysis  
‡Based on chi-square p-values from a logit model 
*Screening tests included those for colorectal cancer (either fecal occult blood test, sigmoidoscopy, colonoscopy, or 
barium enema) and prostate cancer (PSA).  
€Other race includes any other race not included here, including Native American and unknown.  
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C: Joint Relationship Between Predictors and AJCC Stage (Late versus Early) of HCC at 
Diagnosis in a SEER-Medicare Cohort, 2004-2007 -   
Males (N=1,711)∞^  

Predictor Odds Ratio  
(Late Stage/ 
Early Stage) 

95% CI P 
Value 

$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South 
Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; 
Pacific was Greater California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico 
and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per 
capita income, and zip code per capita incomes were used in the order of priority as done by Shah et al. Missing values 
were assumed to be of the lowest income percentile. 
×Percent within census tract who have completed high school only; if not available, zip code tract percent was used. If 
both missing, high school education only percent assumed to be >40%. 
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D: Joint Relationship Between Predictors and AJCC Stage (Late versus Early) of HCC at 
Diagnosis in a SEER-Medicare Cohort, 2004-2007 - Females (N=922)∞^  

Predictor Odds Ratio  
(Late Stage/ 
Early Stage) 

95% CI P 
Value 

Screening Receipt:*   0.07 
Yes 0.77 (0.57-1.03)  
No 1.00  Referent    

 
Age Group (Years): 

   
0.77 

≤ 70  1.00  Referent    
>70-75  1.05 (0.66-1.68)  
>75-80  0.86 (0.54-1.38)  
>80  0.99 (0.62-1.59)  

 
Race: 

   
0.89 

White  1.00  Referent   
Asian  0.94 (0.61-1.44)  
Black  1.12 (0.65-1.93)  
Hispanic 1.11 (0.59-2.09)  
Other€ 0.80 (0.46-1.39)  

 
Year of Diagnosis: 

   
0.12 

2004  0.64 (0.43-0.96)  
2005  0.74 (0.51-1.09)  
2006  0.69 (0.46-1.02)  
2007  1.00  Referent   

 
SEER Registry$ 

   
0.27 

Northeast  1.00  Referent   
East North Central  1.40 (0.53-3.73)  
East South Central 0.99 (0.36-2.78)  
Mid Atlantic 1.29 (0.51-3.28)  
Mountain 2.09 (0.67-6.48)  
Pacific  1.15 (0.48-2.75)  
South Atlantic  0.26 (0.06-1.24)  
West North Central 1.89 (0.62-5.73)  
West South Central 1.32 (0.47-3.69)  

 
Residence: 

   
0.75 

Urban/Rural  0.91 (0.51-1.63)  
Metropolitan 1.00  Referent   

 
Income (Census):~ 

   
0.58 

≤$20,000  1.00  Referent   
>$20,000-40,000  1.08 (0.49-2.37)  
>$40,000-60,000  1.35 (0.61-2.99)  
>$60,000-80,000  1.09 (0.47-2.54)  
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D: Joint Relationship Between Predictors and AJCC Stage (Late versus Early) of HCC at 
Diagnosis in a SEER-Medicare Cohort, 2004-2007 - Females (N=922)∞^  

Predictor Odds Ratio  
(Late Stage/ 
Early Stage) 

95% CI P 
Value 

>$80,000-100,000 1.34 (0.48-3.75)  
>$100,000  2.02 (0.69-5.91)  

 
% High School Degree Only× 

   
0.56 

0-20  1.00  Referent   
>20-40   0.98 (0.68-1.41)  
>40  0.70 (0.35-1.40)  

 
Marital Status: 

   
0.01 

Married  1.00  Referent   
Unmarried  1.42 (1.05-1.91)  
Unknown 3.25 (1.33-7.95)  

 
Preexisting Medical  Conditions 

 
Hepatitis C Infection:  

Yes Versus No 0.52 (0.38-0.71) 

 
 

<.001 
Hepatitis B Infection:  

Yes Versus No 1.00 (0.70-1.44) 
 

0.99 
Unspecified Viral Hepatitis 

Infection: Yes Versus No 0.55 (0.29-1.07) 
 

0.08 
Alcoholic Liver Disease:  

Yes Versus No 0.49 (0.30-0.82) 
 

0.01 

 
Impaired Fasting Glucose/Diabetes:  

Yes Versus No 

 
 
 

0.81 

 
 
 

(0.59-1.12) 

 
 
 

0.20 
 
CCI Score: 

   
0.68 

0  1.00  Referent   
1  1.04 (0.72-1.50)  
2  0.90 (0.58-1.40)  
3≥  0.79 (0.50-1.24)  
Unknown  0.66 (0.26-1.69)  

AJCC: American Joint Commission on Cancer; CI: Confidence Interval; CCI: Charlson Comorbidity Index 
^Unknown stage excluded in multivariable analysis  
‡Based on chi-square p-values from a logit model 
*Screening tests among males included those for colorectal cancer (either fecal occult blood test, sigmoidoscopy, 
colonoscopy, or barium enema) and prostate cancer (PSA).  
€Other race includes any other race not included here, including Native American and unknown.  
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South 
Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; 
Pacific was Greater California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico 
and Utah. 
~Subdivided along average poverty line for time period. Census tract income, zip code median income, census tract per 
capita income, and zip code per capita incomes were used in the order of priority as done by Shah et al. Missing values 
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D: Joint Relationship Between Predictors and AJCC Stage (Late versus Early) of HCC at 
Diagnosis in a SEER-Medicare Cohort, 2004-2007 - Females (N=922)∞^  

Predictor Odds Ratio  
(Late Stage/ 
Early Stage) 

95% CI P 
Value 

were assumed to be of the lowest income percentile. 
×Percent within census tract who have completed high school only; if not available, zip code tract percent was used. If 
both missing, high school education only percent assumed to be >40%. 
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B. Hospitalization and Survival in US Patients with Hepatocellular Carcinoma 

Receiving Guideline and Non-Guideline Recommended Therapy: A SEER-Medicare 

Analyses  

 

1. Abstract 

Background & Aims: Evidence-based guideline-recommended therapy should offer a 

survival benefit. The effect of guideline-recommended versus non-recommended 

management of hepatocellular carcinoma (HCC) on hospitalization, and ultimate 

mortality, has not been explored.  

 

Methods: By using Surveillance, Epidemiology, and End-Results program (SEER)-

Medicare–linked data, we conducted a retrospective cohort study to examine the effect , 

of applying the American Association for the Study of Liver Diseases (AASLD) practice 

guideline-recommended management on rate of hospitalization days and ultimate 

mortality, compared to receiving non-recommended management in men and women 66 

years and older diagnosed with HCC between 2004 to 2007. Using a binomial model, 

where each unit of observation was a discrete time interval (person-day), we investigated 

time-varying treatment and other covariates on whether hospitalization and/or death 

occurred in each person-day. The cohort was stratified into groups based on tumor 

characteristics (stage of cancer, size, vascular invasion, and nodularity) and presence of 

cirrhosis. Univariate, bivariate and multiple logistic regression analyses were used to 
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evaluate the risk of non-recommended versus recommended management of HCC on 

either the risk of hospitalization or death in each of the subgroups separately.  

 

Results: We identified 2,762 patients diagnosed with HCC between 2004 and 2007 who 

met our inclusion and exclusion criteria, for a total of 792,482 person-days of follow-up. 

The majority of our sample was male (66%) and white (67%). Nearly a third of the 

cohort had hepatitis C (31%) and a quarter had hepatitis B (25%); 14% alcoholic liver 

disease; and 61% had either impaired glucose tolerance or diabetes mellitus. In 

multivariable adjusted analyses, within those with stage I HCC, cirrhosis, and tumor size 

less than 5 cm, receipt of non-recommended management (other treatment) decreased 

risk of hospitalization days compared to recommended management, i.e.  liver 

transplantation [LT] ± local ablation [LA] (rate ratio [RR] and 95% confidence interval 

[CI]: 0.65 [0.51-0.84]). Similarly in those within stage I HCC and cirrhosis, but with 

tumor size greater than or equal to 5 cm, other treatment (non-recommended) vs. 

transarterial chemoembolization (TACE)/LA (recommended) resulted in a decreased risk 

of hospitalization (RR: 0.68; 95% CI: 0.53-0.86). Among stage III/IV HCC, there was an 

increased risk of hospitalization with non-recommended treatment (i.e. any treatment) 

compared to the recommended treatment (i.e. no treatment) (RR: 1.19; 95%CI:  1.10-

1.29). This in turn translated into increased mortality for those receiving non-

recommended treatment among the same comparisons in stage I HCC, and a decreased 

mortality with non-recommended treatment among stage IV HCC. Additionally, among 

stage II HCC, non-recommended treatment (i.e. other treatment) was associated with a 
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higher hazard of death compared to recommended treatment (Resection/LA) (RR: 1.8; 

95%CI: 1.0-3.2).  

 

Conclusions: In this study of Medicare patients 66 and over, there was an increased risk 

of hospitalization but a reduced risk of death in several categories of patients with stage 

I/II who received guideline-recommended compared to those receiving non-

recommended treatment. Among stage III/IV HCC, recommended treatment produced 

inconsistent results. Further studies on underlying mechanisms including patients’ health 

status are needed to better understand the inconsistent outcomes with guideline-, versus 

non-guideline recommended therapies incorporating known liver function and baseline 

health status of individuals would allow conclusions on specific treatments.  
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2. Introduction 

Recently, the Practice Guidelines Committee of the American Association for Study of 

Liver Disease (AASLD) has released recommendations for the management of HCC, 

with levels of evidence ranging from weak (based on descriptive epidemiological studies) 

to strong (based on randomized controlled trials).28 Thus recommended treatments, 

primarily either resection, liver transplantation (LT), local ablation, or transarterial 

embolization/chemoembolization (TAE/TACE), may  improve survival considerably, 

raising it from 5-year survival rates of 0-5% up to 3-year survival rates of 60–80% and 5-

year survival rates of 40–70%.1, 2   

  

Adherence to evidence-based, guideline-recommended HCC treatment should avoid 

unnecessary medication side effects, improve quality of life, and ultimately, survival in 

HCC patients. Treatment that is non-recommended by the AASLD has been designated 

as such because of a lack of evidence of survival benefit, or for harms that outweigh 

benefits. However, patients with HCC commonly receive non-recommended treatments 

in the clinical setting.28 For example, systemic or selective intra-arterial chemotherapy, 

which are non-recommended for HCC treatment apart from the minority of patients who 

receive sorafenib or TACE, is frequently administered in the clinical setting.28, 73 These 

treatments have no effect on survival.91, 92 Such a practice, even when given as a placebo 

in clinical trials, which is commonly the case, has been explicitly not recommended. A 

placebo should, by definition, be harmless, however, such medications, commonly 

designated as “placebo”, include doxorubicin, are associated with significant and 

sometimes lethal adverse events.28   
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Appropriate therapy in early stage HCC is highly recommended, hence the absence of 

therapy, or “lack of therapy” is an explicitly non-recommended option (unless a treatment 

is contraindicated for some other reason).21, 74 Nevertheless, studies on Medicare patients, 

whom are universally insured,  showed that more than half of patients with known early-

stage HCC did not receive treatment.21, 74 

  

We hypothesized that guideline-recommended HCC treatment lead to fewer 

hospitalization days, and improved survival, compared to receiving non-guideline 

recommended therapies. Hospitalization was selected as a proxy outcome for adverse 

events, even though it may result in worse outcomes for these frequently elderly patients 

with coexisting chronic diseases, due potential exposure to complications of immobility 

and frequent hospital tests and procedures, polypharmacy, and a disruption of sleep and 

nutrition.151 The choice of hospitalization as an outcome was determined to be the best 

indicator of illness, given that it can be measured with precision, and from a health 

economic standpoint, with inpatient hospitalizations accounting for the largest component 

of health care costs for HCC patients (at approximately 38%), each day of hospitalization 

adds a  greater cost burden of health care.152 

  

If our hypothesis is confirmed, this would underscore a need by clinicians to follow 

evidence-based, guideline-supported HCC treatment, and avoid non-recommended 

management. Unlike prior studies on the effects of certain therapies on complications and 

survival of HCC patients that lacked a control group, this study compared treatment 

146 
 



 

scenarios that are guideline-recommended with those that are non-recommended. Our 

analysis was limited to comparing treatments that may be guideline-recommended to 

treatment strategies that are not recommended.  

  

The Surveillance, Epidemiology, and End Results (SEER) Program is composed of 

several tumor registries in several regions of the country, collecting cancer incidence and 

survival data. The SEER data has been merged with Medicare data, with its demographic, 

clinical and medical claims data on cancer patients mostly over age 65 at diagnosis, to 

form the SEER-Medicare database. This database has been extensively utilized to study 

outcomes of various treatments on several cancers. The effect of guideline or non-

guideline recommended management on frequency of hospitalization days and survival 

of HCC patients has not been investigated.  

  

Using SEER-Medicare, we describe the patient, tumor, and treatment utilization 

characteristics of a recent cohort of Medicare patients who were diagnosed with HCC 

from 2004-2007, and we sought to determine, on a population-based level, whether 

guideline-recommended HCC treatment lead to fewer days of hospitalization and 

improved survival, compared to receiving non-recommended therapy. 
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3. Materials and Methods 

a. The SEER-Medicare Database 

The National Cancer Institute’s (NCI) SEER-Medicare database was developed in 1991 

via the linkage of two large population-based and complementary data sources: the SEER 

registry data and Medicare enrollment and claims files.112, 113 The SEER program is 

composed of 18 population-based cancer registries representing 26% of the US 

population. Cancer incidence and survival data are collected, including demographic 

characteristics, dates of diagnosis, cancer-specific data (e.g., histology, stage, and grade), 

and treatments recommended or provided within 4 months of diagnosis. Also included is 

data for vital status which has been obtained from data collected by the National Center 

for Health Statistics. There is no information in SEER about use of screening or 

diagnostic tests, treatment provided more than 4 months after diagnosis, comorbidities, or 

disease status (apart from vital status).114  

  

Medicare is a federally funded program that is the source of primary health insurance to 

Americans 65 years and older in the United States.114, 115  The vast majority of Medicare 

beneficiaries (97%) opt for fee-for-service care with Part A coverage which includes 

hospital, nursing home, hospice, and home health care; and Part B, which covers 

physician and outpatient services, durable medical equipment, and certain medications, 

including chemotherapeutic agents. Only a minority of beneficiaries have Part C 

(Medicare managed care), a health maintenance organization (HMO) plan.115 
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Though SEER and Medicare files were linked in 1991, and it has been continuously 

updated  every 3 years, though only cancer cases diagnosed 2 years earlier are added, 

since there is a delay in the reporting of cancer cases to the SEER program.114  Thus, at 

the time of this study, the most recently released data contained SEER cases that were 

diagnosed through 2007 with associated Medicare claims through December 31, 2009.114  

The NCI provides nine data files linked by unique encrypted patient identifiers. Together, 

these provide a rich source of clinical data as well as associated health resource 

utilization claims per patient, with each file containing information from different 

services offered through Medicare Parts A, B, and D.114  

  

Compared with the elderly population in the United States the SEER-Medicare 

population has a similar age, sex, and socioeconomic status distribution. However, the 

SEER-Medicare cohort is more likely to live in urban and affluent areas, have a smaller 

proportion of nonwhite individuals, and have slightly lower cancer mortality rates.114, 116, 

137 
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b. Study Population 

To categorize guideline-recommended and non-recommended treatments, it was 

necessary to ensure that each patient had TNM staging. Since the American Joint 

Committee on Cancer (AJCC)/TNM (Tumor-Node-Metastases) 6th Edition  HCC staging 

system75 76classification was not adopted by SEER until 2004, only those diagnosed from 

that point onwards were included. Medicare overwhelmingly covers only those patients 

65 years and older, except for disabled patients or those with end-stage renal disease. 

Thus, eligible participants were those 65 years and older with an initial diagnosis of HCC 

from the years 2004 until 2007 based on specific histology codes (International 

Classification of Diseases for Oncology, 3rd Edition [ICD-O-3] site C22.0 and histology 

codes 8170, 8171, 8172, 8173, 8174, and 8175) for HCC.  

  

Since at least one year of claims data was necessary to determine degree of comorbidities 

and presence of risk factors, those diagnosed at the ages of 65 to younger than 66 years 

were excluded. Since claims may not be completely reported during the time a patient is 

not enrolled in Medicare Parts A and/or B or is enrolled in an HMO, we excluded all 

patients who were discontinuously enrolled in Medicare Parts A and B or were enrolled 

in an HMO plan in the one year before diagnosis. Those with prior gastric, colorectal, 

lung, pancreatic, breast, or prostate cancer were excluded to ensure that the HCC was not 

misclassified as metastases from one of these cancers. Finally, those whose diagnosis was 

not confirmed with either microscopy or radiology were excluded. Microscopic 

confirmation was based either on positive histology, exfoliative cytology, or unspecified 

type of microscopic confirmation. The type of radiological confirmation was unknown.  
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c. HCC Treatment 

Treatments consisted mainly of liver transplantation (LT), resection, local ablation (LA), 

transarterial chemoembolization (TACE), systemic chemotherapy, hepatic 

embolization/ligation (HEL), and selective internal radiation therapy (SIRT). These   

were identified by the International Classification of Diseases, 9th Revision, 

Clinical Modification (ICD-9-CM) and Current Procedure Terminology (CPT) codes 

from the Medicare claims files, namely MEDPAR (hospital inpatient), NCH (physician), 

and outpatient files (Supplementary Tables 6-8).137  TACE was defined by the presence 

of one ICD-9-CM or CPT code for embolization with an ICD-9-CM or CPT code of 

chemotherapy. If there was just the latter and no embolization code, then this was 

considered systemic chemotherapy. 

 

d. Definition of Patient and Tumor Characteristics 

We collected information on age (≤ 70, >70-75, >75-80, and >80), race (Whites, Blacks, 

Asians, Hispanics, and Other), geographic region based on SEER registry, marital status 

(married, unmarried, unknown), and year of cancer. 

  

This variable distinguished between metropolitan (metro) and non-metropolitan counties 

based on the official classification of metro status of the US Department of Agriculture, 

Office of Management and Budget which were applied to the 2000 Census. This 

classification was based on population size, degree of urbanization and adjacency to a 

metro area. This was made a dichotomous variable: metro (counties in metro areas and 

urban/rural (non-metro) counties.129  
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Income was imputed based on zip code or census tract level. This hierarchy of income 

selection was based on the work of Shah et al.21  Priority was given to the median income 

for census tract based on the Year 2000 Census Bureau survey. If this was missing, then 

income was obtained from the median household income for zip code. If both were 

missing, then income was obtained from per capita income for census tract based on the 

2000 Census Bureau survey. If that was missing, then income was obtained from per 

capita income for zip code. If all of the above were missing, then income was assumed to 

be of the lowest category.21 Categories for income were defined as follows:  ≤$20,000, 

>$20,000-40,000, >$40,000-60,000, >$60,000-80,000, >$80,000-100,000, and 

>$100,000.  

  

Preexisting illnesses and known prognostic factors affecting survival were collected.  For 

hepatitis C (HCV) infection, the following ICD-9-CM codes were identified: 070.41, 

070.44, 070.51, 070.54, 070.7, V02.62 and hepatitis B (HBV) infection: 070.2, 070.3, 

070.42, 070.52, V02.61. To identify alcoholic liver disease, we identified alcoholic fatty 

liver disease (571.0), alcoholic hepatitis (571.1), alcoholic cirrhosis of the liver (571.2), 

alcoholic liver damage (571.3), or the combined presence of unspecified cirrhosis (571.5, 

571.6) with alcoholism or other alcohol-related disorders (303, 305.0, V11.3, V79.1, 

291).131 Impaired fasting glucose or diabetes mellitus was identified via: 250, 790.2, 

790.21, 790.22, 790.29.132  
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The Charlson Comorbidity Index (CCI) was meant to reflect the individual’s co-existing 

illnesses that may be confound the effects seen on our outcomes of interest.133  We used 

the Deyo and Romano adaptation of the CCI and, since liver cancer is the disease of 

interest, chronic liver disease and cancer were not included in the calculation.134, 135  A 

total of 22 conditions are utilized to score the CCI, which has been shown to predict ten-

year mortality.133 Scores depend on the effect each condition would have on survival 

ranging from 1 (least) to 3 and 6 (worst). A score of 1 is given to each of the following: 

myocardial infarct, congestive heart failure, peripheral vascular disease, dementia, 

cerebrovascular disease, chronic lung disease, connective tissue disease, ulcer, chronic 

liver disease. A 2 for each of: hemiplegia, moderate/severe kidney disease, diabetes, 

diabetes with complication, tumor, leukemia, lymphoma; and a 3 each for moderate or 

severe liver disease. Finally, a 6 is given for a malignant tumor, metastasis, and/or AIDS. 

Comorbidities were searched for within the two years preceding the HCC diagnosis in the 

hospital (MEDPAR) and physician (NCH) and outpatient (OUTPT) files. This variable 

was categorized into quartiles: 0, 1, 2, or 3 ≤, as previously described.21  

 

The histological stage of the tumor at diagnosis was defined according to the AJCC/TNM 

staging system from the SEER file.75  The definition of each Stage has been described in 

Aim 1.a.. We operationalized stage as a categorical variable of three categories: Stage I, 

Stage II, and Stage ≥III. The reason we aggregated Stage III with Stage IV was because 

treatment recommendations are the same as has been described above. Analyzed groups 

were stratified according to this variable in addition to tumor size and cirrhosis (effect 

modification). 
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e. Statistical Analysis 

A discrete time survival analyses approach was used. The unit of observation for all 

analyses was a time interval (person-day) and not a person. Person-days were counted 

from the time of diagnosis (index date). Thus, each observation consisted of each day of 

each patient’s follow-up after diagnosis with HCC, until either death, drop-out (due to 

discontinuing enrollment in Medicare A and B or starting enrollment in an HMO at any 

time), or the end of the study (December 31st, 2009). Within each person-day unit of 

observation, exposure and outcome variables (hospitalization day/non-hospitalization day 

and death/no death) were obtained. Inherent in this approach, was the ability to control 

for time varying predictors (namely treatment).   

  

According to the AJCC stage of HCC, the size/nodularity of the tumor, and the presence 

of cirrhosis, the cohort [of person-days] was stratified into 7 groups (Supplementary 

Table 9). Each group contained person-days (from any patient) fitting the characteristics 

of that group. Thus an individual patient may contribute to multiple groups, since they 

may be in the ‘no treatment’ group until treatment occurs, and then they become in that 

treatment group, which again may alter if additional treatments are performed. Tumor 

size and nodularity was identified using SEER Extent of Disease (EOD) codes.153  

  

Cirrhosis was identified in the Medicare files using ICD-9-CM diagnosis codes 571.2 and 

571.5-571.6.   
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The question of whether a specific HCC treatment (or lack thereof) was or was not 

guideline-recommended was defined by recommendations from the practice guidelines of 

the AASLD.28 Recommendations were based on the most recent AASLD 

recommendation guidelines (2011) despite our sample population that were diagnosed 

with HCC and treated from years 2004-2007 (though treatment has been reported as far 

as 12/31/2009). It may be noted that it would be unfair to judge whether a therapy is 

recommended or not when the recommendations were not even released or made at the 

time of treatment. However, it should be clarified that whether a treatment has been 

recommended by the physician or not is not the research question of interest. We sought 

only to compare different treatment groups and then classify, post-event, whether it is 

recommended or not. Rather than analyzing predictors of recommended therapy this was 

a comparative effectiveness study of various treatments. Thus which recommendations 

we used had no influence on the study results. Nevertheless, the reader should know that 

overall the recommendations pertinent to this study did not change whether the current 

(2011) or the previous (2005) recommendations were used, except for sorafenib which 

was only recommended for advanced HCC in the most recent guidelines.28, 32  . Sorafenib 

was not included in the analyses, since the observation period of this study (2004-2007) 

did not completely span its time of recommendation and availability. Sorafenib was 

officially recommended for the treatment of advanced liver cancer by the Food and Drug 

Administration November, 2007.110 Thus, for the purpose of this study, whether we used 

the previous or current AASLD recommendations was a nonissue. 
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In Stage I HCC, if the size is less than 5 cm and there is no cirrhosis (Group 1), surgery, 

whether LT or resection, and/or LA was considered recommended treatment. This 

included a combination of these treatments. Non-recommended included systemic 

chemotherapy (without LT since it is appropriate to administer chemotherapy post-

transplant), TACE, HEL, SIRT, or any other therapy. Note that if HEL or SIRT were 

given with LA or with LT this was classified as recommended, since these are usually 

either augmentative, additional treatments or because, based on claims, it is difficult to 

ascertain that these do not represent either LA (e.g. SIRT coded for radiofrequency 

ablation). However if TACE or chemotherapy is given with LA then this was considered 

non-recommended since TACE is frequently coded with LA (since TACE is considered 

chemoablation); and chemotherapy with LA may be used to represent TACE 

(chemoablation). 

      

Once cirrhosis occurs (Group 2), resection is added to what was not recommended for 

Group 1. For those ≥ 5 cm and no cirrhosis (Group 3), resection, TACE as well as LA are 

recommended and LT is no longer recommended. If LT was given with any other 

treatment this was still considered non-recommended since LT, as a major surgery, 

superseded any other less major treatment. If there is cirrhosis (Group 4), resection, again 

was added to LT as non-recommended. As with LT, any other treatment with resection 

still kept that person-day as non-recommended since this is considered the second most 

major procedure after LT. In stage II HCC, if there is a single mass (Group 5), resection 

and/or LA is the recommended path; non-recommended included LT and/or TACE. If 

multiple nodules are present (Group 6), TACE is the only recommendation. Finally, in 
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Stage III and IV (Group 7), no treatment is recommended. Any other treatment is 

considered non-recommended per the AASLD recommendations.   

  

Since for each person-day, outcomes were dichotomous, all analyses were performed via 

logistic regression using proc genmod in SAS version 9.2 (SAS Institute, Cary, NC). 

Models were estimated by a maximum likelihood (ML) method.   

  

We considered hospitalization days associated with a procedure or HCPCS code for any 

type of HCC treatment, up to the expected median number length of stay (LOS) of 

hospitalizations associated with that treatment subgroup, as missing so as not to count 

treatment associated hospitalizations. When the LOS of a hospital stay exceeded the 

expected median LOS for hospital stays for that treatment (in our data), then subsequent 

hospitalization days were counted. This is because we assumed that hospital days that 

exceeded the median LOS were because of an adverse event that should be counted to 

avoid any bias in our measures. The median LOS for LT was 10 days, resection 7 days, 

LA 3 days, TACE and other treatments 2 days. When identifying hospitalization days, we 

considered each hospital day within a patient as highly correlated with the next hospital 

day (since they represent that same hospitalization), and with a correlation that is 

exponentially higher near the index hospital day which decreases as time from index 

hospital day increases. We accounted for such repeated, non-independent (i.e. correlated) 

events by using general estimating equations (GEE) with autoregressive correlation 

structures. 
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By the nature of the person-day approach used for the analysis, time varying predictors 

were controlled for. There was no issue with immortal time bias being created from 

comparing those who received treatment to those who did not receive treatment, as would 

be in another study that may not have controlled for that. In immortal time bias, also 

known as survivor treatment selection bias,139 there may be a bias because patients who 

received treatment had to be alive long enough to receive treatment, whereas as those 

who died did so before they had time to receive treatment. Hence, an erroneous 

conclusion could be made that treatment was far more beneficial because those who did 

not receive treatment died, while all those who received treatment never died, or were 

immortal. In these cases, the investigator should control for the time between diagnosis 

and treatment in some fashion. In our case, each patient before receiving treatment is 

counted as ‘non-treated’ and then, after the start of treatment, if they receive treatment, 

are counted in the group that received that treatment. Thus those who did not get treated 

in terms of their person-days are compared only to non-treated (or other-treated) person-

days (which frequently means that a patient is being compared to their own self at an 

earlier or later time after diagnosis). So there is no issue of comparing an untreated group 

that dies soon after diagnosis to a treated group that receives treatment after diagnosis, 

since we would have inherently controlled for the time until treatment by using the data 

of that patient before they received treatment.  

 

However, it was necessary to control for time from diagnosis since this may also be a 

factor that predicts risk of hospitalization or death independently of treatment or other 

covariates. Thus, when comparing a treated person-day to a non-treated person-day, a 
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treated person-day may have a higher risk of death simply because they received 

treatment a year after diagnosis, while those who are not treated were only early after 

diagnosis. This would confound the results if there was a relationship between time from 

diagnosis and the outcomes.  

 

 

The ultimate outcome examined was mortality. Again this was a dichotomous variable 

within each observation (person-day). All person-days had a value of “0” until the patient 

died, when it was given a value of “1”. Subsequently, that patient was removed from the 

study. Otherwise if the patient was censored indicated either by loss of enrollment in 

Medicare Parts A/B, enrollment in an HMO, or the end of the study, then all person-days 

were given a value of “0” for death until the last observation date. The date of last follow-

up for those who did not die was December 31, 2009. 

 

  

For the descriptive analyses, unadjusted logistic regression models were fitted for each 

independent variable including a model for each of the 7 subgroups. Similarly, 

multivariable logistic regression models for fitted for each subgroup for each outcome 

(14 models), each regressed on whether treatment is recommended or non-recommended, 

age group, sex, race, geographic region, income, HCV and HBV infection, alcoholic 

cirrhosis, insulin resistance/diabetes, and CCI. For the outcome of hospitalization, 

proportions of hospital days per 100 person-days, rate ratios (RRs) and 95% confidence 
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intervals (CIs) were reported. For mortality, case-fatality rates (CFR), one-year mortality 

rates, hazard ratios (HRs) and 95% CIs were reported.  

 

4. Results 

 

Our final sample consisted of 2,784 persons diagnosed with HCC from the years 2004-

2007 for a total of 806,473 person-days of follow-up and 800,719 person-days of follow-

up after adjusting for missing treatment-associated hospital visits. Those who were older, 

male, black or white, of the lowest income bracket, or diagnosed in the West South 

Central  (Louisiana) were less likely to have their HCC diagnosed at Stage I/II than their 

counterparts (Table 13). Those with known HCV infection or alcoholic liver disease were 

more likely to be diagnosed with Stage I/II HCC at diagnosis compared to their non-

diseased counterparts (67% vs. 51% and 66% vs. 54%, respectively); while there was a 

slightly higher proportion of those with impaired glucose tolerance/diabetes who were 

diagnosed in Stage I/II compared to non-diseased (57% vs. 54%). (Table 13)   

 

The majority of our sample were men (66%), white (67%), and with insulin resistance or 

diabetes (61%).  More than half of the sample was from the Pacific Region of the US 

(most of California, Seattle, and Hawaii). Approximately 31% were infected with HCV 

and 25% with HBV. Only 14% of the sample had diagnosis codes for alcoholic liver 

disease (Table 14).     

  

Most patients (56%) were diagnosed at early stage (AJCC stage I and II) (Table 14).   
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Expectedly, most of the LTs (as a single therapy) were done on those diagnosed with 

Stage I (54%) with only 23% in Stage II and 23% Stage III/IV (Table 13). The situation 

was similar when LT was combined with LA, where 57% were performed on those with 

early stage HCC (Stage I/II) at the time of diagnosis, consistent with recommendations. 

Resections when done alone or in combination with pre- or post-resection loco-regional 

therapies (local ablation or TACE) were each done predominantly among early Stage I/II 

HCC (77-78%). About 51% of the sample did not receive any treatment, of which more 

than half were among Stage III/IV (56%). Similarly, non-conventional treatments (i.e. 

systemic chemotherapy, HEL, or SIRT) were given in both those with early stage and 

late-stage HCC (44% and 56%, respectively) though specific numbers could not be 

provided because of limited cell sizes (Table 13). 

 

Hospitalizations 

There were a total of 86,878 days of hospitalization in our cohort of a total of 800,719 

person-days (Table 14 and Table 15) and and 1,844 deaths (Table 16). In the unadjusted 

analysis, late AJCC stage increased the risk of non-treatment associated hospitalizations 

by 27% while having HBV infection decreased your risk 38% (Table 14).  

 

In general, after stratifying by treatment subgroups and adjusting [only] for within-patient 

correlation (for consecutive hospitalization days) using GEEs there was a lower 

proportion of hospitalizations per 100 person-days among subgroups 1-6 (Table 15) in 

those who received non-recommended treatment. Specifically, unadjusted analyses 
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revealed that in the 2nd (LT±LA vs. other), 4th (TACE/LA vs. other) and, again, the 6th 

(TACE vs. other) subgroups, non-recommended rather than recommended treatment was 

strongly associated with reduced risk of non-treatment related hospitalization days. For 

the 7th (None vs. other) subgroup, non-recommended treatment was associated with a 

37% increased risk of hospitalization. For the 1st (LT/Res/LA vs. other) and 3rd 

(Res/TACE/LA) subgroups, no significant strong association was found with incidence 

of hospitalizations.  

 

Fully adjusted analyses (Tables 16) revealed that non-recommended treatment lead to a 

reduced risk of hospitalization in the 2nd and 4th subgroup compared to recommended 

treatment (RR [95% CI]: 0.67 [0.53-0.85] and 0.68 [0.52-0.88]); and an 17 %increased 

risk of hospitalization with non-recommended treatment in the 7th subgroup compared to 

recommended treatment (1.17 [1.09-1.27]).  

 

Mortality 

When evaluating mortality, late HCC (Stage III/IV) was found to have a three-fold 

increased risk of death compared to Stage I (Table 16). Both HCV and HBV infections 

were associated with a reduced risk of mortality, while alcoholic liver disease and 

diabetes were not. There was a slight risk of death (10%) when there was at least one 

non-hepatic comorbidity, however, additional comorbidities did not further increase the 

risk. Time from diagnosis was highly associated with death though it peaked at 30-90 

days after diagnosis, when there was an 2.2 to 3-fold increased risk compared to >120 

days from diagnosis. The older the age group, the higher the risk of mortality. There is a 
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30% reduced risk of mortality among Asian or other race (which included Native 

American and unknown). There was a slightly reduced risk of death in those diagnosed in 

2005, and an increased risk among those with incomes lower than $80,000, as well as 

those living in East North Central (Detroit, Michigan), East South Central (Kentucky), 

and to a lesser extent Pacific regions  (compared to New England)  (Table 16).  

   

After stratifying by treatment group, mortality was higher in the non-recommended 

treatments in all the treatment subgroups except for Groups 3 and 7 where the mortality 

was lower among those who received the non-recommended therapies. (Table 17).  In  

univariate regression, in the 1st (LT/Res/LA vs. other), 2nd (LT±LA vs. other) , 4th 

(TACE/LA vs. other),  and 5th (Res/LA vs. other)  subgroups, non-recommended 

treatment was associated with a higher hazard of death. For the 7th (None vs. other) 

subgroup, non-recommended treatment was associated with a 50% reduced risk of death. 

For the 3rd (Res/TACE/LA) and 6th (TACE vs other) subgroups, no significant 

association was found with death at the 0.05 alpha level.  

  

Fully adjusted analyses (Tables 17) showed an increased mortality for those receiving 

non-recommended treatment in the 2nd  and the 4th group, and a decreased mortality with 

non-recommended treatment in the 7th group (Table 17). Additionally, non-recommended 

treatment was associated with a 40% higher hazard of death in the 1st (LT/Res/LA vs. 

other) and an 80% higher hazard of death in the 5th (Res/LA vs. other) subgroups. 
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5. Discussion 

This is the first study to investigate the effects of guideline versus non-guideline 

recommended therapy on rate of hospitalization days and risk of mortality in patients 

with HCC. Using a survival analysis with person-days as the discrete time units, we were 

able to show that AASLD guideline-recommended treatment, after adjustment for all 

relevant covariates, was associated with increased risk of hospitalization and death, but 

not uniformly and not all in the same direction.  Contrary to our prior hypothesis, we 

found that non-recommended treatment among Stage I and Stage II HCC was associated 

with fewer hospitalization days, even after excluding hospitalization days that were 

associated with a treatment. However, in advanced stage HCC, where the recommended 

management is no treatment, non-recommended treatment was associated with an 

increased risk of hospitalization. In contrast, and consistent with our hypothesis, non-

recommended treatment among Stage I and Stage II HCC was associated with increased 

risk of death, as with previously hypothesized.  However, with advanced stage HCC, 

non-recommended management was associated with a reduced risk of death.  

  

There are several plausible reasons for our findings. The recommended treatments for 

Stages I and II subgroups all consist of procedural interventions that expose patients to 

procedural associated risks. This is a cohort of HCC patients 66 years and older, and are 

thus more vulnerable to complications associated with these procedures that may increase 

rates of hospitalizations and prolong length of stay. A large proportion of the non-

recommended group in these subgroups is not receiving any treatment. This results in 

lower rate of hospitalization. Interestingly, but in line with this thought, is that in 

164 
 



 

advanced stage HCC (III /IV) the non-recommended treatment has increased risk of 

hospitalization compared to recommended treatment (which is in the direction of our 

original hypothesis). This is likely related to the fact that the recommended plan in this 

subgroup, in contrast to the non-recommended, is to not treat.   

 

Contrary to our expectations, the risk of hospitalization among non-recommended 

treatment vs. recommended was not in the same direction as that of mortality. We 

initially expected that non-recommended treatment would increase the risk of 

hospitalization and that of mortality. We observed that, for the most part, non-

recommended treatment reduced the risk of hospitalization but increased the risk of 

mortality. Hospitalization clearly was a proxy for adverse events, but this was primarily 

treatment-associated adverse events, since those who did not have treatment, though they 

had worse mortality rates, did not have increased hospitalization rates. 

  

It was reassuring to note that in early stage HCC (Stages I, II) there was no increase in 

mortality risk with recommended treatment, despite an increased risk of hospitalization. 

Indeed,  for subgroups 1 (LT/Res/LA vs. other), 2 (LT±LA vs. other including no 

treatment), 4 (TACE/LA vs. other including no treatment), and 5 (Res/LA vs. other),  

recommended treatment reduced the risk of death. Interestingly, for subgroup 7 which 

compared no treatment (recommended) vs. any other treatment (non-recommended) 

among advanced stage HCC (Stage III/IV),  we observed that non-recommended 

treatment reduced mortality.  Only sorafenib has been shown to increase life expectancy 

in advanced stages of HCC.88 Sorafenib was not included in the analyses, since the 
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observation period of this study (2004-2007) did not completely span its time of 

recommendation and availability. Sorafenib was officially recommended for the 

treatment of advanced liver cancer by the Food and Drug Administration November, 

2007.110 Even then, sorafenib has only been shown in a randomized controlled trial to 

improve survival in those with advanced HCC, though whether sorafenib is effective in a 

non-experimental situation in terms of reducing complication rate and improving survival 

remains unknown.89 There is no evidence of any survival benefit with selective intra-

arterial chemotherapy with any agent.88, 90 Similarly, systemic chemotherapy has no 

effect on survival.91, 92 Likewise, no survival benefit has been demonstrated with 

octreotide,90, 93, 94 interferon,95 external radiation,96 tamoxifen,97-102 anti-androgenic 

therapy,103-105 or megestrol106 and thus are also not recommended.28 Though 

radioembolization through intra-arterial injection of lipiodol-I-131 or Yttrium-90 labeled 

microspheres are still being tested in clinical trials, they are not currently recommended 

for treatment of advanced HCC, for a lack of survival benefit.28, 107-109  Thus, non-

recommended treatments, which included any number of therapies, including tamoxifen, 

anti-androgens, octreotide, hepatic artery ligation/embolization, radioembolization with 

Yttrium90-labeled glass beads,and/or systemic or selective intra-arterial chemotherapy, 

based on this study, seem to offer a degree of reduction in mortality. However, one must 

be cautious in interpreting this finding since, in this subgroup, there may be a measure of 

confounding by indication. Whether treatment is provided depends on a patient’s state of 

health. Simply stated, those who receive treatment in this subgroup may be healthier and 

because they will be able to tolerate treatment in the first place, are more likely to be 

offered ‘experimental’ treatment options by physicians. Thus improved survival may 
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simply be an indication of healthier patients in the first place, who are able to tolerate 

potentially harmful treatment. Though we attempted to control for baseline level of health 

in our study via AJCC stage, CCI and other prognostic risk factors including age group, 

HCV infection, alcoholic liver disease, and diabetes, this may not have been adequate. 

Liver function and/or general health indicators for patients are essential cofactors that 

clinicians will use to decide management. Moreover, the AJCC/TNM staging system is 

not a sensitive predictor of survival as has been previously reported, since it does not take 

into account liver function or physical symptoms.28 The Barcelona Clinic Liver Cancer 

(BCLC) Staging System, on the other hand, takes into account liver function, physical 

status, and even cancer-related symptoms, validated to be of better prognostic accuracy, 

and has thus replaced the AJCC system among oncologists.28  

  

There were several other important findings of this study. More than half (56%) of our 

Medicare cohort had their cancer detected at AJCC Stage I and II. AJCC stage predicted 

survival but among Stage I and II cancers there was no difference in survival, indicating 

again, that the AJCC/TNM staging system is not a sensitive predictor of survival.  

  

A little over 30% of our sample had HCV infection. This is somewhat higher than other 

reports using the same dataset (~10%). However, those studies where on samples from 

earlier years, up to 11 years ago.128, 131, 141 This confirms our previous report (Manuscript 

A: Ibrahim C. et al. 2013 In Preparation) that there has been a substantial increase in the 

prevalence of HCV infection among elderly Americans from  1993–1996 to 1996–1999 

of a rise of HCV prevalence from 11.0% to 21.2%.128  
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The prevalence of HBV infection was also higher (25%) than earlier studies on similar 

populations (7-11%).142  However, it is reported that the incidence of HBV infection in 

the USA is decreasing.142 As we have previously reported, this most likely represents 

misclassification of positive hepatitis B IgG antibodies as an HBV infection, even though 

they can also be the result of receiving the HBV vaccine. Hence, the increased hepatitis B 

IgG antibodies are likely the result of increased HBV vaccination coverage in the USA, 

particularly among HCV infected individuals.143  

  

We categorized stage at diagnosis into Stage I, II, and III/IV, since treatment 

recommendations are similar in each subcategory. A higher proportion of women had 

their HCC detected at Stages I/II compared to men (60% to 54%), which confirms 

previous reports.42, 47, 48, 144, 145  Asians were more likely to be detected at stage I/II 

(62.4%) than other races, likely related to their increased awareness of a higher 

prevalence of chronic HBV in their group and awareness of increased risk of HCC. This 

may reflect the effectiveness of health campaigns targeting screening in this group this. 

Several studies confirm that Asian-Americans have higher rates of HCC screening.140   

Both whites and blacks were equally more likely to have their HCC detected at Stage I/II, 

though blacks were more likely to have Stage I than whites (43% vs. 38%), contrasting 

with previous reports that whites were more likely to have their cancer detected at a 

localized stage and be screened than blacks, respectively.41, 47, 147 This finding, however, 

is in need of validation on larger samples since we had small sample sizes among blacks.   
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Those with known HCV infection or alcoholic liver disease were more likely to be 

diagnosed with Stage I/II HCC at diagnosis compared to their non-diseased counterparts 

(67% vs. 51% and 66% vs. 54%, respectively).  Those with known HCV infection would 

be more likely to be screened for HCC, since they are likely aware of their higher risk.2, 

39, 47, 48.41   Sloan et al. found that those with alcoholic liver disease were more likely to 

have their cancer detected at a localized stage, which is consistent with our findings.2, 47, 

48, 145 This indicates that those who are aware and whose clinicians are aware of their 

alcoholic liver disease would be more likely to seek HCC surveillance. Also, those who 

drink heavily may be more frequently engaged with the health-care system, as a 

consequence of the numerous health complications associated with alcohol use. The side-

effect of this may be positive in that they could have numerous opportunities to have their 

HCC suspected and managed. We have previously shown (Manuscript A: Ibrahim C. et 

al. 2013 In Preparation) the effect of alcoholic liver disease on earlier diagnosis of HCC, 

however, does not ultimately improve survival. We had found a 20% and 43% elevation 

in mortality in men and women who have alcoholic liver disease, respectively, compared 

to their non-diseased counterparts. 

   

For similar reasons as with HCV infection and alcohol cirrhosis, there was a slightly 

higher proportion of those with impaired glucose tolerance/diabetes who were diagnosed 

in Stage I/II compared to non-diseased (57% vs. 54%). 

  

There were several strengths to this study. This study was population-based and 

nationally representative. The SEER registries are one of the most utilized and complete 
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data sources on cancer incidence and survival data. By the linkage of SEER with 

Medicare, we were able to capture information on preexisting illnesses and risk factors, 

which could be confounders in the study.  Our use of discrete survival analysis increased 

the power of our study to detect differences many fold since each person-day was the unit 

of observation. Also, this method accounted for time-varying predictors (namely 

treatments) and provided a platform where all data is used at different times (i.e. as 

different groups). 

  

Our study was the first to focus on the effect, and thus importance, of following 

guideline-recommended treatment in HCC patients to improve survival. However, while 

these guideline-treatments did reduce mortality, that did not translate to a lower risk of 

hospitalization days but, on the contrary, a higher one.  Thus while guideline-

recommended treatments ultimately had reduced mortality, they increased the number of 

days spent in the hospital, most likely due to the likelihood of increased procedural-

related adverse events in those receiving guideline-recommended treatment in Stage I/II 

HCC. This will translate to a higher total cost of health care for individuals who receive 

recommended treatment among Stage I and II HCC. In contrast, recommended 

management in Stage III/IV HCC, which is no treatment, did not reduce mortality but 

actually increased it, despite reducing days of hospitalization (again) and thus total health 

care costs.  

  

Our study had several limitations. This is an observational study on a secondary, claims-

based dataset. Thus we are limited by claims reported which may neither be accurate or 
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sufficient to correctly identify treatment and risk factors. For example, in our study, we 

could not reliably differentiate between TACE and LA with chemotherapy; TACE alone 

and TACE with LA; SIRT and radiofrequency ablation; or HEL and LA. Within each 

subgroup, however, these ambiguous code combinations were either not important to 

compare recommended versus non-recommended treatments or were not of sufficient 

quantity to introduce a measurable error. While this was not a problem in a population-

based study as this, it would have been useful to know for certain which treatment was 

given to make specific and accurate recommendations. Because patients in our sample 

were diagnosed with HCC from 2004-2007, we could not analyze the effects of 

sorafenib, which became available only after November, 2007. 

   

A moderate proportion of our sample was of unknown stage. On separate analysis, this 

group had survival rates comparable and even worse than those with Stage IV (data not 

shown). Most likely, therefore, these represent Stage IV HCC. By excluding them, we 

may have created a selection bias. Our cohort may be, therefore, a healthier group. This 

may bias [away from the null] the result seen with non-recommended management in the 

7th subgroup, which was that of reduced mortality (because of a healthier group overall). 

Finally, as discussed above, confounding by indication was controlled for to some extent, 

but not entirely.  

 

In conclusion, we found in this study of Medicare patients 66 and over, an increased risk 

of hospitalization but a reduced risk of death in several categories of patients with Stage 

I/II who received guideline-recommended management. Among Stage III/IV HCC, 
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recommended treatment produced opposing results. Further studies on underlying 

mechanisms including patients’ health status  are needed to better understand the 

inconsistent outcomes with guideline-, versus non-guideline recommended therapies 

incorporating known liver function and baseline health status of individuals (as could be 

obtained from BCLC staging) would allow conclusions on specific treatments.  
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6. Tables 

Table 13: Characteristics of Sample by Stage at Diagnosis (N=2,784) 
 Stage I Stage II Stage III and 

Beyond 
 No. % No. % No. % 
 
Entire cohort 

 
1,099 

 
39.3 

 
458 

 
16.8 

 
1,227 

 
44.2 

 
Treatment Category: 

      

LT alone 103 53.9 44 23.0 44 23.0 
LT with resection, local 
ablation, and/or   TACE 

16 57.1 - - - - 

LT ±  local ablation only (no 
resection) 

83 35.2 52 22.0 101 42.8 

 
Resection alone 

 
103 

 
53.9 

 
44 

 
23.0 

 
44 

 
23.0 

Resection with local ablation 
or TACE 

35 42.7 29 35.4 18 22.0 

 
Local ablation alone 

 
90 

 
68.7 

 
31 

 
23.7 

 
10 

 
7.6 

Local ablation with TACE - - - - - 69.6 
TACE alone 
 

- - - - - - 

No treatment 468 33.4 150 10.7 783 55.9 
 
Other treatments: 

      

Systemic chemotherapy alone - - - - 22 56.4 
Hepatic embolization/ligation 
alone 

- - 0 - 0 67.9 

SIRT alone 0  0  0  
Any other treatment - - - - 56 59.0 

 
Age group (years): 

      

≤ 70 227 37.6 126 20.9 251 41.6 
>70-≤75 306 39.7 142 18.4 322 41.8 
>75-≤80 283 39.4 113 15.7 323 44.9 
>80 283 41.0 77 11.1 331 47.9 

 
Sex: 

      

Males 686 37.6 295 16.2 842 46.2 
Females 413 43.0 163 17.0 385 40.1 

 
Race: 

      

White 716 38.7 288 15.6 848 45.8 
Black 85 43.8 21 10.8 88 45.4 
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Table 13: Characteristics of Sample by Stage at Diagnosis (N=2,784) 
 Stage I Stage II Stage III and 

Beyond 
 No. % No. % No. % 

Other 77 38.7 40 20.1 82 41.2 
Asian 171 41.6 85 20.7 155 37.7 
Hispanic 50 39.1 24 18.8 54 42.2 

 
Year of diagnosis: 

      

2004 277 42.2 89 13.6 290 44.2 
2005 265 38.1 122 17.6 308 44.3 
2006 260 38.3 118 17.4 301 44.3 
2007 297 39.4 129 17.1 328 43.5 

 
 
Income percentile by zip: 

      

≤$20,000  - - - - 46 46.0 
>$20,000-40,000  379 39.5 149 15.5 431 44.9 
>$40,000-60,000  376 37.8 157 15.8 463 46.5 
>$60,000-80,000  197 40.5 95 19.5 195 40.0 
>$80,000-100,000 60 43.8 27 19.7 50 36.5 
>$100,000 42 40.0 21 20.0 42 40.0 

 
Geographic Region: 

       

Northeast  51 36.4 22 15.7 67 47.9 
Mid Atlantic 133 37.2 65 18.2 160 44.7 
East North Central  70 38.0 27 14.7 87 47.3 
West North Central 31 29.3 18 17.0 57 53.8 
South Atlantic  31 43.1 17 23.6 24 33.3 
East South Central 62 39.0 22 13.8 75 47.2 
West South Central 89 47.1 26 13.8 74 39.2 
Pacific  593 40.1 252 17.0 634 42.9 
Mountain - - - - 49 50.5 
 

Hepatitis C Infection: 
      

Yes 365 43.3 196 23.3 281 33.4 
No 734 37.8 262 13.5 946 48.7 
 

Hepatitis B Infection: 
      

Yes  287 41.4 103 14.9 303 43.7 
No 812 38.8 355 17.0 924 44.2 
 

Alcoholic Liver Disease: 
       

Yes 154 39.0 105 26.6 136 34.4 
No 945 39.6 353 14.8 1091 45.7 
 

Insulin Resistance/Diabetes 
Mellitus: 
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Table 13: Characteristics of Sample by Stage at Diagnosis (N=2,784) 
 Stage I Stage II Stage III and 

Beyond 
 No. % No. % No. % 

Yes  685 40.1 288 16.8 737 43.1 
No 414 38.6 170 15.8 490 45.6 

 
CCI: 

      

0 392 41.6 156 16.6 394 41.8 
1 285 36.7 127 16.3 365 47.0 
2 181 37.9 81 17.0 215 45.1 
3≥  209 43.5 76 15.8 196 40.7 
Unknown 32 29.9 18 16.8 57 53.3 

TCE: transarterial chemo-embolization (tace), LT:liver transplantation, HE: hepatic embolization/ligation,  R: 
resection,  LA: local ablation,  CT: chemotherapy,  SIRT: radioembolization with Yttrium-90 glass beads,  
other: non-specific therapy including anti-androgens and/or tamoxifen 
*Number within cell ≤12 (cannot be reported according to NCI guidelines) 
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Table 14:  Rate of Hospitalizations by Tumor and Socio-Demographic Factors in Patients Diagnosed 
with HCC from 2004  to 2007 in the SEER-Medicare Cohort (Unadjusted)~ 

Subgroup No. of 
Patients 
(col %) 

No. of 
Hospital 

Days 

Person-Days 
of Follow-

up^ 

Hospitalizati
on rate/100 

Days 

Unadjusted  
Rate Ratios  

     RR (95% CI) 
      

Entire cohort 2,784  45,439 794,680 5.7  
      
AJCC Stage:       

Stage I 1,099 (39.5) 19,812 402,675 4.9 Ref 
Stage II 458 (16.5) 7,949 171,152 4.6 0.96 (0.79-1.17) 
Stage III and IV 1,227 (44.1) 17,678 220,853 8.0 1.69 (1.46-1.97) 

Age group (years):       
67-≤70 604 (21.7) 8,546 188,459 4.5 1.09 (0.91-1.31) 
>70-75 770 (27.7) 11,599 236,529 4.9 1.37 (1.12-1.69) 
>75-80 719 (25.8) 12,966 206,246 6.3 1.64 (1.36-1.97) 
>80 691 (24.8) 12,328 163,446 7.5 Ref 

Sex:       
Females 961 (34.5) 17,721 276,394 6.4 Ref 
Males 1,823 (65.5) 27,718 518,286 5.3 0.84 (0.73-0.97) 

Race:€       
White 1,852 (66.5) 30,346 511,514 5.9 Ref 
Black 194 (7.0) 3,558 49,286 7.2 1.25 (0.98-1.59) 
Other 199 (7.2) 3,192 69,854 4.6 0.80 (0.61-1.04) 
Asian 411 (14.8) 6,050 132,483 4.6 0.79 (0.66-0.95) 
Hispanic 128 (4.6) 2,293 31,543 7.3 1.26 (0.93-1.71) 

Year of diagnosis:       
2004 656 (23.6) 14,099 253,914 5.6 0.76 (0.63-0.93) 
2005 695 (25.0) 12,427 251,906 4.9 0.69 (0.58-0.81) 
2006 679 (24.4) 11,057 184,641 6.0 0.83 (0.70-0.98) 
2007 754 (27.1) 7,856 104,219 7.5 Ref 

Income Percentile 
by Zip Code:ǂ 

    
 

 

≤$20,000  100 (3.6) 1,917 23,613 8.1 1.58 (1.00-2.50) 
>$20,000-40,000  959 (34.5) 16,687 261,174 6.4 1.22 (0.87-1.70) 
>$40,000-60,000  996 (35.8) 14,836 279,090 5.3 1.00 (0.72-1.41) 
>$60,000-80,000  487 (17.5) 8,000 145,664 5.5 1.01 (0.70-1.47) 
>$80,000-100,000 137 (4.9) 1,941 47,008 4.1 0.77 (0.50-1.18) 
>$100,000 105 (3.8) 2,058 38,131 5.4 Ref 

Geographic 
Region:$ 

    
 

 

Northeast  140 (5.0) 3695 44366 8.3 Ref 
Mid Atlantic 358 (12.9) 7989 106109 7.5 0.91 (0.60-1.37) 
East North Central  184 (6.6) 2873 46174 6.2 0.74 (0.48-1.13) 
West Nrth Central 106 (3.8) 1546 29775 5.2 0.62 (0.38-1.02) 
South Atlantic  72 (2.6) 871 19492 4.5 0.52 (0.31-0.89) 
East South Central 159 (5.7) 2413 36486 6.6 0.83 (0.52-1.32) 
West Sth Central 189 (6.8) 3234 52277 6.2 0.74 (0.48-1.14) 
Pacific  1479 (53.1) 21802 436646 5.0 0.61 (0.42-0.89) 
Mountain 97 (3.5) 1016 23355 4.4 0.55 (0.34-0.90) 
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Table 14:  Rate of Hospitalizations by Tumor and Socio-Demographic Factors in Patients Diagnosed 
with HCC from 2004  to 2007 in the SEER-Medicare Cohort (Unadjusted)~ 

Subgroup No. of 
Patients 
(col %) 

No. of 
Hospital 

Days 

Person-Days 
of Follow-

up^ 

Hospitalizati
on rate/100 

Days 

Unadjusted  
Rate Ratios  

     RR (95% CI) 
Hepatitis C:      

Yes 842 (30.2) 13,787 282,192 4.9 0.79 (0.69- 0.91)  
No 1942 (69.8) 31,652 512,488 6.2 Ref 

Hepatitis B:      
Yes  687 (24.7) 9,088 209,716 4.3 0.69 (0.59-0.81) 
No 2097 (75.3) 36,351 584,964 6.2 Ref 

Alcoholic Liver:      
Yes 392(14.1) 7,328 114,331 6.4 1.16 (0.97-1.38) 
No 2,392 

(85.9) 38,111 680,349 5.6 
Ref 

Insulin Resistance/ 
Diabetes Mellitus: 

   
 

 

Yes  1701 
(61.1) 15,560 306,919 5.1 

1.20 (1.04-1.37) 

No 1083 
(38.9) 29,879 487,761 6.1 

Ref 

CCI:       
0 942 (33.8) 13,366 278,640 4.8 Ref 
1 777 (27.9) 10,979 232,228 4.7 1.00 (0.85-1.18) 
2 477 (17.1) 8,523 140,715 6.1 1.24 (1.03-1.50) 
3≥  481 (17.3) 11,568 123,170 9.4 1.96 (1.60-2.40) 
Unknown 107 (3.8) 1,003 19,927 5.0 1.08 (0.73-1.60) 

Abbreviations: AJCC, American Joint  Committee on Cancer; CCI, Charlson Comorbidity Index 

~Adjustment was made for within-patient correlation in all models using generalized estimating equations. 
^4,277 hospital visits were counted as missing because they were associated with the administration of treatment 
€Other race includes any other race not included here, including Native American and unknown.  
ǂSubdivided along average poverty line for time period. Census tract income, zip code median income, census tract per 
capita income, and zip code per capita incomes were used in the order of priority as done by Shah et al. Missing values 
were assumed to be of the lowest income percentile. 
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South 
Central was Kentucky; West South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; Pacific 
was Greater California, San Francisco, San Jose, Los Angeles, Seattle, and  Hawaii; and Mountain was New Mexico and Utah. 
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Table 16:  Rate of Death by Tumor and  Socio-Demographic Factors in Patients Diagnosed with HCC from 
2004  to 2007 in the SEER-Medicare Cohort (Unadjusted)  

Subgroup No. of Patients 
(column %) 

No.  
of Deaths 

Person-
Days of 

Follow-Up 

Rate of 
Deaths 

Per Year  

Unadjusted  
Hazard Ratios  

      HR (95% CI) 
Entire cohort 2,784 (100) 1,844 806,473 0.84  
AJCC Stage:       

Stage I 1,099 (39.5) 612 409,030 0.55 Ref 
Stage II 458 (16.5) 246 172,646 0.52 1.0 (0.8-1.1) 
Stage III/IV 1,227 (44.1) 1,004 224,797 1.63 3.0 (2.7-3.3) 

Days from Diagnosis:      
0 to 30  312 (11.2) 239 83,849 1.04 1.7(1.5-2.0) 
>30-60 393 (14.1) 343 68,649 1.82 3.0 (2.6-3.4) 
>60-90 223 (8) 221 58,888 1.37 2.2 (1.9-2.6) 
>90-120 199 (7.2) 148 52,129 1.04 1.7 (1.4-2.0) 
>120 1,657 (59.5) 911 542,958 0.61 Ref 

Age group (years):       
≤ 70 604 (21.7) 360 190,591 0.69 Ref 
>70-75 770 (27.7) 499 238,616 0.76 1.1 (1.0-1.3) 
>75-80 719 (25.8) 479 210,839 0.83 1.2 (1.1-1.4) 
>80 691 (24.8) 524 166,427 1.15 1.7 (1.5-1.9) 

Sex:       
Females 961 (34.5) 638 280,397 0.83 Ref 
Males 1,823 (65.5) 1224 526,076 0.85 1.0 (0.9-1.1) 

Race:€       
White 1,852 (66.5) 1,260 512,716 0.90 Ref 
Black 194 (7.0) 142 51,302 1.01 1.1 (0.9-1.3) 
Other 199 (7.2) 122 68,197 0.65 0.7 (0.6-0.9) 
Asian 411 (14.8) 229 134,290 0.62 0.7 (0.6-0.8) 
Hispanic 128 (4.6) 91 31,708 1.05 1.2 (0.9-1.4) 

Year of diagnosis:       
2004 656 (23.6) 573 259,142 0.81 0.8 (0.7-1.0) 
2005 695 (25.0) 541 254,346 0.78 0.8 (0.7-0.9) 
2006 679 (24.4) 462 186,862 0.90 0.9 (0.8-1.1) 
2007 754 (27.1) 286 106,123 0.98 Ref 

Income percentile:ǂ       
≤$20,000  100 (3.6) 74 23,749 1.14 2.0 (1.4-2.9) 
>$20,000-40,000  959 (34.5) 670 264,544 0.93 1.6 (1.3-2.2) 
>$40,000-60,000  996 (35.8) 672 284,040 0.86 1.6 (1.2-2.0) 
>$60,000-80,000  487 (17.5) 314 148,351 0.77 1.4 (1.0-1.8) 
>$80,000-100,000 137 (4.9) 74 47,395 0.57 1.0 (0.7-1.4) 
>$100,000 105 (3.8) 58 38,394 0.55 Ref 

Geographic Region:$       
Northeast  140 (5.0) 102 45,601 0.82 Ref 
Mid Atlantic 358 (12.9) 240 106,789 0.82 1.0 (0.8-1.3) 
East North Central  184 (6.6) 132 46,444 1.04 1.3 (1.0-1.6) 
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Table 16:  Rate of Death by Tumor and  Socio-Demographic Factors in Patients Diagnosed with HCC from 
2004  to 2007 in the SEER-Medicare Cohort (Unadjusted)  

Subgroup No. of Patients 
(column %) 

No.  
of Deaths 

Person-
Days of 

Follow-Up 

Rate of 
Deaths 

Per Year  

Unadjusted  
Hazard Ratios  

      HR (95% CI) 
West North Central 106 (3.8) 78 29,987 0.95 1.2 (0.9-1.6) 
South Atlantic  72 (2.6) 48 19,689 0.89 1.1 (0.8-1.5) 
East South Central 159 (5.7) 114 36,797 1.13 1.4 (1.1-1.9) 
West South Central 189 (6.8) 136 52,581 0.94 1.2 (0.9-1.5) 
Pacific  1,479 (53.1) 943 445,046 0.77 0.9 (0.8-1.2) 
Mountain 97 (3.5) 69 23,539 1.07 1.3 (1.0-1.8) 

Hepatitis C:      
Yes 848 (30.5) 487 521,303 0.34 0.7 (0.6-0.7) 
No 1,936 (69.5) 1,375 285,170 1.76 Ref 

Hepatitis B:      
Yes  693 (24.9) 441 212,085 0.76 0.9 (0.8-1.0) 
No 2,091 (75.1) 1,421 594,388 0.87 Ref 

Alcoholic Liver:      
Yes 395 (14.2) 266 115,900 0.84 1.0 (0.9-1.1) 
No 2,389 (85.8) 1,596 690,573 0.84 Ref 

Insulin Resistance/ 
Diabetes Mellitus: 

     

Yes  1,710 (61.4) 1,136 494,990 0.84 1.0 (0.9-1.1) 
No 1,074 (38.6) 726 311,483 0.85 Ref 

CCI:       
0 1,246 (44.8) 825 358,701 0.84 Ref 
1 702 (25.2) 482 210,140 0.84 1.1 (1.0-1.2) 
2 423 (15.2) 289 117,318 0.9 1.0 (0.9-1.2) 
3≥  413 (14.8) 266 120,314 0.81 1.0 (0.3-3.3) 

Abbreviations: AJCC, American Joint  Committee on Cancer; CCI, Charlson Comorbidity Index 

€Other race includes any other race not included here, including Native American and unknown.  
ǂSubdivided along average poverty line for time period. Census tract income, zip code median income, census tract per capita income, and zip code 
per capita incomes were used in the order of priority as done by Shah et al. Missing values were assumed to be of the lowest income percentile. 
$East North Central was Detroit; West North Central was Iowa; South Atlantic was Atlanta and Rural Georgia; East South Central was Kentucky; West 
South Central was Louisiana; Northeast was Connecticut; Mid Atlantic was New Jersey; Pacific was Greater California, San Francisco, San Jose, Los 
Angeles, Seattle, and  Hawaii; and Mountain was New Mexico and Utah. 
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7. Supplementary Tables 

Supplementary Table 6: Procedure Codes for Therapies 

 

Type of therapy: ICD-9-CM HCPCS 

Liver resection 50.3 or 50.22 47120, 47122, 47125, 47130, 47140, 47141, 

and 47142 

Transplantation 50.4, 50.5, 

50.51, and 50.59 

47131, 47133, 47135, 47136, 47140, 47141, 

47142, 47143, 47144, 47145, 47146, and 47147 

Local ablation 50.23, 50.24, 

50.25, and 50.26 

47380, 47381, 47382, 47370, and 47371 

Tace 99.25 37204, 36249, 75726, 75894, and 75898 
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Supplementary Table 7: Codes Used To Identify Chemotherapy Claims137 

 

 ICD-9 diagnosis 

codes 

ICD-9 

procedure 

HCPCS codes 

General 

chemotherapy 

administration 

V58.1, V66.2, 

V67.2 

99.25 96400-40, 96521-3,-

42, 

-49, Q0083-Q0085 

5-Fluorouracil   J9190 

Methotrexate   J8610, J9250, J9260 

Cyclophosphamide   J9070-J9097 

Cisplatin   J9060, J9062 

Carboplatin   J9045 
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Supplementary Table 8: Codes For Experimental Treatments 

 

Type of treatment ICD-9-CM Procedure 

Code 

HCPCS Code 

Tamoxifen  E932.9 (Non-specific ) S0187, 4179F 

Anti-androgens   G9132 

Octreotide   J2353-4,  J3490 

Hepatic artery 

ligation/embolization  

38.86, 99.29 36246, 36247, J9000-1,  

J9060, -62, J9280-J9291,  

Q0084,  96400-96459 (CPT) 

Radioembolization with 

Yttrium90-labeled glass 

beads (TheraSpheres®)  

 37204, 79445 (CPT), C2616, S2095138 

  

188 
 



 

Supplementary Table 9: Treatment Groups 

Analyzed 

Stage I 

HCC tumor size: Less than ≤5 cm 

Group 1: Less than 5 cm and no cirrhosis 

Guideline recommended: 

Transplant or resection or local ablation 

Non-Recommended: 

Other treatment 

No treatment~ 

Group 2: Less than 5 cm with cirrhosis 

Guideline recommended: 

Local ablation w/ or w/o transplant  

Non-Recommended: 

Other treatment 

No treatment 

HCC tumor size: More than or equal to 5 cm 

Group 3: More than or equal to 5 cm and no 
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cirrhosis 

No cirrhosis 

Guideline recommended: 

Resection or TACE or local ablation 

Non-Recommended: 

Other treatment 

No treatment 

Group 4: More than or equal to 5 cm with 

cirrhosis  

Guideline recommended: 

TACE or local ablation 

Non-Recommended: 

Other treatment 

Stage II 

Group 5: Stage II with a single mass  

Guideline recommended: 

Resection or local ablation 

Non-Recommended: 
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Other treatment 

No treatment 

Group 6: Stage II with multiple masses 

Guideline recommended: 

TACE 

Non-Recommended: 

Other treatment 

No treatment 

 

 Group 7: Stage III and IV 

 

Guideline recommended: 

No treatment 

Non-Recommended: 

Other treatment 

Grey shading indicates each group analyzed (7 

analyses) 
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IV. CONCLUSIONS 

The mortality rate of HCC, the commonest primary liver malignancy in adults, in the 

United States,  has increased more than any other cancer.8  While this rise in mortality 

rate observed may reflect either an increase in CFR or an increase in incidence, there has 

only been a dramatic rise in HCC incidence in the US owing to the increased prevalence 

of hepatitis C virus (HCV) infection.20  Though the age-adjusted incidence rate for HCC 

in the United States has tripled in the last few decades, with a rate of 1.3 per 100,000 in 

1981 rising to 4.9 per 100,000 by 2005,24 HCC is predominantly a disease of the 

elderly.25 This rising trend of HCC incidence is expected to continue at least over the next 

two decades, largely because of an aging populace with existing chronic hepatitis C, the 

main risk for HCC in the USA.21, 25 

  

Our best hope of improving survival in patients who develop this aggressive cancer is to 

detect and thus treat earlier.27, 28 For  this reason, the first Aim of this work was to 

investigate predictors of earlier detection and subsequent survival. It was the first study to 

look at the effects of receipt of routine non-HCC cancer screening tests among patients 

who develop HCC. We found that though receiving routine non-HCC cancer screening 

tests, lead to an earlier stage of HCC at diagnosis, particularly among females, this effect 

was diminished after adjusting for other well-established predictors including: age group, 

race, geographic region, city population, marital status, socioeconomic status, preexisting 

comorbidities, HCV, HBV, alcoholic liver disease, and diabetes. However, this effect in 

women was only borderline significant (and not significant at the 5% alpha level) when 

stage was dichotomized as early (stage I/II) and late (stage III/IV) which may be more 
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clinically applicable since stage I/II are considered curable while any more advanced 

stage would be incurable.  However, we have also shown that engaging in routine cancer 

screening lead to a 21% reduced mortality in women after adjustment for all relevant 

covariates. There was no significant association with mortality found among men. It is 

possible that we underestimated this effect since we may have undercounted screening 

tests by considering them as diagnostic. We operationalized preventive medical care as 

common non-HCC cancer screening tests but there are many other forms of preventive 

medical care such as wellness visits, blood pressure, cholesterol, and diabetes screening, 

glaucoma exams, immunizations, and regular body weight assessments, which we did not 

assess in this study.    

 

By observing the two year window before diagnosis for non-HCC screening tests, we 

may not have reliably captured colorectal cancer screening resulting in an undercounting 

of screening tests, particularly in males, in whom PSA was the only other screening test 

available and was substantially less frequent than female-specific screening tests. This 

may also be the reason why we only observed a survival benefit of receipt of routine non-

HCC cancer screening tests among women.     

  

The fact that receipt of routine non-HCC cancer screening tests has been found to predict 

mortality but not HCC stage at diagnosis among women indicates that stage of HCC at 

diagnosis does not mediate the effect of receipt of routine non-HCC cancer screening 

tests on survival. The mechanism whereby receipt of routine non-HCC cancer screening 

tests seems to improve survival is by it being a healthy behavior. It would likely to lead to 
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a healthier outlook that would encourage a less risky lifestyle and one more inclined to 

medical care. If this is the mechanism, it is more active among women. Thus, receipt of 

routine non-HCC cancer screening represents an underutilized modifiable factor which 

could be encouraged and promoted in the elderly. Receipt of routine unrelated cancer 

screening tests has been seen to predict stage of diagnosis among those who develop 

many other types of cancers in similar Medicare cohorts, though mortality was not 

analyzed.54 This was the first study to look at the effect of receipt of routine unrelated 

cancer screening tests on mortality and we have seen a reduction in mortality risk with 

receipt of routine non-HCC cancer screening tests use among women. Though studies are 

needed to examine the effect of receipt of routine non-HCC cancer screening tests on 

mortality in other cancers, there is already some evidence that policy-makers should 

consider when evaluating controls on receipt of routine non-HCC cancer screening tests 

coverage in those covered by Medicare. Not taking advantage of the utility of routine 

non-HCC cancer screening tests intake may lead to worse survival in patients who 

develop HCC and perhaps other cancers.  

   

It is important to note that our use of receipt of routine non-HCC cancer screening tests is 

as a proxy for healthy behavior that predicts mortality in HCC patients, and is thus 

fashioned as a type of screening test. A major concern with screening tests is lead-time 

bias. Use of routine non-HCC cancer screening tests was not strongly associated with 

stage of HCC at diagnosis  and only when we dichotomized HCC stage at diagnosis as 

stage I/II/III versus stage IV, which may be less clinically relevant than the early (stage 

I/II) versus late (stage III/IV) dichotomization. However, receipt of routine non-HCC 
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cancer screening still reduced mortality. Given that lead-time bias is a false perception 

that a patient survived longer, when all that changed was that a better screening test 

diagnosed the disease earlier, this is not applicable to a rapidly fatal disease such as 

HCC.28, 55  Since early diagnosis and timely surgical intervention can be curative, the 

extension in survival is real, and not merely an artifact of earlier diagnosis. Hence, the 

finding in our study that receipt of routine non-HCC cancer screening tests was not 

significantly associated with an earlier stage of diagnosis, and that it was still predictive 

of improved survival indicates that lead-time bias or stage shift did not play a role in our 

findings.  

  

After detection of HCC, patients need to be provided with appropriate evidence-based 

management. By inappropriately treating such a patient, either by lack of treatment 

altogether or by using non-proven, non-recommended (i.e. based on national guidelines) 

therapies, we may adversely affect clinical outcome and survival. Thus the Aim for the 

second part of this dissertation was to study whether AASLD-recommended therapy, as 

another important modifiable factor in adverse events and ultimate survival in HCC 

patients.  

  

To our knowledge, this was the first study to investigate the effects of guideline versus 

non-guideline recommended therapy on risk of hospitalization days, as a proxy for 

adverse events, and mortality in patients in patients with HCC. We used a unique discrete 

survival analysis with person-days as the time unit, thus capturing whether guideline-

versus non-guideline-recommended treatment was given in each time unit of observation; 
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and whether this was associated with risk of hospitalization and death. We found, to our 

surprise, that non-recommended treatment among Stage I and Stage II HCC was 

associated with decreased risk of non-treatment related hospitalization days. In advanced 

stage HCC, where the recommended management is no treatment, non-recommended 

treatment was associated with an increased risk of hospitalization. In contrast, non-

recommended treatment among Stage I and II HCC was associated with increased risk of 

death, as with previously hypothesized.  However, with advanced stage HCC, non-

recommended management was associated with a decreased risk of death.  

  

Based on these findings, hospitalization seemed to be mainly a proxy for procedure-

related adverse events. Thus, with the recommended treatments for Stages I and II 

subgroups all consisting of procedural interventions, we witnessed an increased 

hospitalization risk in recommended treatment arms. This cohort was particularly 

sensitive to such procedure-associated adverse events since they have HCC patients and 

are 66 years and older. This effect is clarified by noting that large proportions of the non-

recommended group in these subgroups are not receiving any treatment which may 

indicate either an intentional decision to not provide treatment based on evidence, or 

simply a lack of medical care. Especially since the latter may result in a lower rate of 

hospitalization. In advanced stage HCC (Stage III/IV) the non-recommended treatment 

increased risk of hospitalization compared to recommended treatment (which is in the 

direction of our original hypothesis), since the recommended plan in this subgroup, in 

contrast to the non-recommended, is to not treat, and thus again, lead to reduced 

hospitalization.   
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The risk of hospitalization was not in the same direction as that of mortality. We expected 

that non-recommended treatment would increase the risk of hospitalization and that of 

mortality. We observed, on the contrary, for the most part, that non-recommended 

treatment reduced the risk of hospitalization (because recommended treatments were 

more procedure-intensive) but increased the risk of mortality. Hospitalization was a 

proxy for primarily treatment-associated adverse events, since those who did not have 

treatment, though they had worse mortality rates, did not have increased hospitalization 

rates. 

  

It was reassuring to note that in early stage HCC there was no increased mortality risk 

with recommended treatment apart from that of late-stage HCC; and on the contrary, for 

subgroups 1 (LT/Res/LA vs. other), 2 (LT±LA vs. other including no treatment), 4 

(TACE/LA vs. other including no treatment), and 5 (Res/LA vs. other), recommended 

treatment reduced the risk of death. As discussed, this may be caused by the phenomenon 

of confounding by indication. That is, those treated are healthier since they would have 

both survived until the treatment and may be more able to tolerate the adverse events of 

treatment to [thus] be offered it by their physician. Attempting to control for baseline 

level of health in our study via AJCC stage, CCI and other prognostic risk factors 

including age group, HCV infection, alcoholic liver disease, and diabetes, may not have 

been adequate.  
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There were several other important findings of this work. We observed that 

approximately 40% of elderly patients in the US have their cancer detected at AJCC 

Stage I and II, with, expectedly, slightly higher proportions in women compared to men. 

This is a considerable proportion and, with the median survival still only under 8 months, 

indicates that stage at diagnosis is not the only factor that is leading to poor survival rates 

in HCC patients. The poor survival rate observed indicates that AJCC stage at diagnosis 

is not sufficient to judge ultimate survival, and that likely, this depends on whether 

curative treatment can be provided. In turn, whether curative treatment can be provided 

depends on a patient’s state of health. AJCC stage predicted survival independently of 

other factors, but among Stage I and II cancers there was no difference in survival. This is 

an indication that the AJCC/TNM staging system is not a sensitive predictor of survival 

as has been previously reported.28  

  

We observed that 30% of our sample had HCV infection which is more than 10% higher 

than other reports using the same dataset, though those studies were on samples 

substantially earlier in time (up to 11 years prior).128, 131, 141 This indicates that there has 

been a substantial increase in the prevalence of HCV infection among elderly Americans. 

This is consistent with the finding from  1993–1996 to 1996–1999 of a rise of HCV 

prevalence from 11.0% to 21.2%.128  

  

The prevalence of HBV infection was also higher (25%) than earlier studies on similar 

populations (7-11%). However, it is reported that the incidence of HBV infection in the 

USA is decreasing.142 We hypothesize that this most likely represents misclassification of 
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recipients of the HBV vaccine as having HBV infection. Such individuals would have, 

similar to those infected, hepatitis B IgG antibodies which may be documented by 

nonclinicians as an HBV infection. This is consistent with reports that HBV vaccination 

coverage has risen in the USA, particularly among HCV infected individuals.143  

 

Approximately 24% of our sample received at least one non-HCC cancer screening test 

in the two years prior to diagnosis. While this was lower than other studies on Medicare 

patients that evaluated their cancer screening, however they had also looked at 

immunizations, which we did not. 52, 54 Females were more likely to be screened (37% 

compared to males 17%) and this was, in contrast to males, unaffected by race, 

geographic region, resident city size, and glucose intolerance/diabetes but affected by 

HCV infection. Rates of non-HCC screening were increased in both men and women 

who were infected by HBV and decreased in those who had unknown CCI scores (likely 

because of a lack of medical care). HCV infection among women and HBV infection 

among both sexes increased rates of non-HCC screening reflecting an increased attention 

and concern about their general health.  Why HCV infection in contrast to HBV was not 

associated with non-HCC screening in men is likely related to the aforementioned 

hypothesis that HBV infection is frequently misdiagnosed and may be reflecting HBV 

vaccination. In this case, HBV vaccination is itself a type of preventive medical care and 

would thus, certainly, be associated with other preventive medical care services, as 

receipt of routine non-HCC cancer screening tests. 
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We operationalized stage into Stage I-III (non-late) and stage IV (late) in our first study, 

and I, II, and III/IV in our second study, since exploratory analyses revealed a distinction 

between these two groups by non-HCC screening in the former, and treatment 

recommendations were divided along such groups in the latter. In general, a higher 

proportion of women had their HCC detected at earlier stages compared to men (82% to 

78%), which has been previously confirmed.42, 47, 48, 144, 145  

  

Asians were more likely to be detected at an early stage of HCC, likely related to their 

awareness of increased prevalence of chronic hepatitis B in their ethnic group and the 

associated increased risk of HCC. Again, this confirms previous reports that Asian-

Americans have higher rates of HCC screening.140 This lead to the observation that, in 

multivariable analysis, Asian men had a significantly reduced hazard of death compared 

to whites. We had only a small proportion of blacks in this study to be able to generalize 

the [lack of] association found with survival. Among men, we observed a 16% reduced 

mortality in those married compared to unmarried. This is consistent with previous 

studies that have shown married men gained more positive health advantages compared 

to married women.148    

 

HCV infection increased the odds of earlier stage of diagnosis, which is not surprising 

given that it has been previously reported that those with known HCV infection would be 

more likely to be screened for HCC, since they are likely aware of their higher risk.2, 39, 41, 

47, 48 The positive effect of HCV infection, we found, carried through to a substantial 

reduction in mortality in both sexes. 

200 
 



 

  

As Sloan et al. along with other studies showed that those with alcoholic liver disease 

were more likely to have their cancer detected at an earlier stage.2, 47, 48, 145 This indicates 

that those who are aware and whose clinicians are aware of their alcoholic liver disease 

would be more likely to seek HCC surveillance. Also, those who drink heavily may be 

more frequently engaged with the health-care system, as a consequence of the numerous 

health complications associated with its use. The side-effect of this may be positive in 

that they could have numerous opportunities to have their HCC suspected and managed. 

The downside of alcoholic liver disease is that this effect on earlier diagnosis of HCC 

does not necessarily translate to an improved survival, given the potential complications 

of other alcohol-related health problems. Indeed, in both men and women there is a 

modest (21% and 42%, respectively) elevation in mortality among those who have 

alcoholic liver disease, respectively, compared to their non-diseased counterparts, after 

controlling for the other factors..  For similar reasons as with HCV infection and alcohol 

cirrhosis, there were higher proportions of those with HBV infection or diabetes who 

were diagnosed in stage I or II compared to stage III (56% versus 44% and 57% versus 

43%, respectively).    

 

There were several strengths to this study. This study was population-based and 

nationally representative. The SEER registries are one of the most utilized and complete 

data sources on cancer incidence and survival data in the United States. By the linkage of 

SEER with Medicare data, we were able to capture information on preexisting illnesses 

and risk factors, which could be confounders in the study. By focusing only on HCC, we 
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were able to analyze the effects of the unique etiological factors that could potentially 

confound our results, including HCV and HBV infection, alcoholic liver disease, and 

insulin resistance/diabetes.  

  

However, there are several limitations that need to be considered. First, this is an 

observational study on a secondary, claims-based dataset. Thus we are limited by claims 

reported which may neither be accurate or sufficient to correctly identify treatment and 

risk factors.  Furthermore, a moderate proportion of our sample was of unknown stage. 

On separate analysis, this unstaged group had survival rates comparable and worse than 

those with Stage IV, though there utilization of screening was higher than those of Stage 

IV and more comparable to Stage III (Table 2). Thus unstaged patients represent a mixed 

group. By excluding them, we may have created a measure of selection bias.  

  

Finally, there was an underrepresentation in this study of certain minorities particularly 

blacks. While in SEER-Medicare, the proportion of blacks is similar to that of the US 

population as a whole, it is not representative of the proportion of HCC patients who are 

black. A replication of our findings in other studies with a greater representation of 

minority races would add to the external validity of our results. 

  

In conclusion, we found that in this Medicare population, women who received routine 

non-HCC cancer screening tests, in the two years prior to diagnosis with HCC 

experienced an improvement in survival compared to women who did not receive such 

care. Also, we found, an increased risk of hospitalization but a reduced risk of death in 
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several categories of patients with Stage I/II who receive guideline-recommended 

management. Among stage III/IV HCC, recommended treatment produced opposing 

results.  Further studies are needed to examine the importance of routine cancer screening 

in individuals who become subsequently diagnosed with HCC and make authoritative 

recommendations. Further studies on underlying mechanisms including patients’ health 

status  are needed to better understand the inconsistent outcomes with guideline-, versus 

non-guideline recommended therapies incorporating known liver function and baseline 

health status of individuals (as could be obtained from BCLC staging) would allow 

conclusions on specific treatments.  
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V. APPENDIX 

 

 

APPENDIX I: COLORECTAL CANCER SCREENING PROCEDURE CODES. 

Type of Test ICD-9 Codes HCPCS Codes CPT Codes 

Fecal occult blood 

test (FOBT) 

NA G0107 82270, 82274 

Sigmoidoscopy 45.24, 45.42, 48.21-

48.25 

G0104 45300, 45303, 45305,  

45307–45309, 45327, 

45330, 45331-34, 45337–

45339, 45340-2, 45345 

Colonoscopy 45.21-45.23, 45.25 G0105 (high risk) 

G0121 (nonhigh risk) 

45355, 45378-94, 44397 

Barium enema NA G0106, G0120, G0122 74270, 74280 

ICD-9, International Classification of Diseases, 9th Revision, Clinical Modification; HCPCS, Healthcare Common Procedure Coding 

System; CPT, Current Procedural Terminology. 

Adapted from: Schenck AP, Klabunde CN, Warren JL, Jackson E, Peacock S, P. L. Physician Visits and Colorectal Cancer Testing 

Among Medicare Enrollees in North Carolina and South Carolina, 2005. Prev Chronic Dis 2011;8(5):A112. 
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