1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Hepatology. Author manuscript; available in PMC 2016 April 07.

-, HHS Public Access
«

Published in final edited form as:
Hepatology. 2015 January ; 61(1): 191-199. doi:10.1002/hep.27388.

Emerging Trends in Hepatocellular Carcinoma Incidence and
Mortality

Basile Njeil:2, Yaron Rotman3, lvo Ditah#, and Joseph K. Lim?!
1Section of Digestive Diseases, Yale University School of Medicine, New Haven, CT

2Department of Medicine, University of Connecticut School of Medicine, Farmington, CT

SLiver Diseases Branch, National Institute of Diabetes and Digestive and Kidney Diseases,
National Institutes of Health, Bethesda, MD

4Division of Gastroenterology and Hepatology, Mayo Clinic, Rochester, MN

Abstract

The rise in incidence of hepatocellular carcinoma (HCC) in the United States has been well
documented. The purpose of this analysis was to examine temporal trends in HCC incidence,
mortality, and survival within the U.S. population. The Surveillance, Epidemiology, and End
Results data were used to examine incidence and incidence-based (I1B) mortality in HCC from
1973 to 2011. Secular trends in age-adjusted incidence and IB mortality by sex and cancer stage
were characterized using the Joinpoint Regression program. In 1973, HCC incidence was 1.51
cases per 100,000, whereas in 2011, HCC incidence was 6.20 cases per 100,000. Although HCC
incidence continues to increase, a slowing of the rate of increase occurs around 2006. In a
sensitivity analysis, there was no significant increase in incidence and 1B mortality from 2009 to
2011. There was a significant increase in overall median survival from the 1970s to 2000s (2 vs. 8
months; £< 0.001). On multivariable Cox's regression analysis, age, sex, race, tumor grade, stage
at diagnosis, lymph/vascular invasion, number of primary tumors, tumor size, and liver transplant
were independently associated with mortality.

Conclusion—oOur results indicate a deceleration in the incidence of HCC around 2006. Since
2009 and for the first time in four decades, there is no increase in 1B mortality and incidence rates
for HCC in the U.S. population. The nonsignificant increase in incidence and IB mortality in
recent years suggest that the peak of the HCC epidemic may be near. A significant survival
improvement in HCC was also noted from 1973 to 2010, which seems to be driven by earlier
detection of HCC at a curative stage and greater utilization of curative modalities (especially
transplant).

Hepatocellular carcinoma (HCC) is the third-most common cause of cancer-related deaths
worldwide.12 Although HCC has historically been more common in the developing world,
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its incidence in developed countries has almost doubled in the last two decades, largely as a
result of liver cirrhosis.34

Liver transplantation (LT), hepatic resection, and early-stage radiofrequency ablation (RFA)
are considered potentially curative. However, several factors limit the utility of these curative
modalities. For example, RFA is only curative for small tumors (<3 cm), and though LT has
lower recurrence rates, compared to resection and RFA, it is not readily available to
everyone. Noncurative treatment options of advanced HCC include new agents, such as
sorafenib, systemic chemotherapy, and transarterial chemoembolization.>8 Though these
treatments have shown modest improvement in overall survival in early stage disease, there
is no curative treatment for advanced HCC.

Previous studies have examined national survival trends and patterns of therapy for HCC. El-
Serag et al. using data from the Surveillance, Epidemiology, and End Results (SEER)
database between 1977 and 1996 found a small improvement in survival mostly restricted to
the year following diagnosis.” This finding raised the concern for lead-time bias as the
source of the apparent benefit in survival. Recently, Altekruse et al. using the SEER database
also found improving HCC survival over the last decade associated with a concomitant
increase in the number of cases diagnosed and treated at an early stage.8

We hypothesized that increased utilization and advances in imaging technology, surgical
techniques, and adjuvant therapies has improved overall survival of patients with HCC. If
these survival benefits are large enough, they should be detectable in a temporal trend
analysis of HCC incidence and mortality. Therefore, we examined trends in HCC incidence,
incidence-based mortality, and survival of HCC in the U.S. population. As a secondary goal,
we have also identified independent predictors of mortality after the diagnosis of HCC
among U.S. adults.

Materials and Methods

Data Source

The SEER database is derived from cancer registries representing approximately 28% of the
U.S. population and is maintained by the National Cancer Institute (NCI; available at:
www.seer.cancer.gov). The SEER population-based cancer registries contain information on
cancer incidence and survival in selected geographic areas. Selection of the included
geographic areas was based on the quality of their cancer reporting systems and population
diversity. Appropriate institutional review board approval was obtained before data
abstraction.

A retrospective cohort study was performed using data from the SEER database, based on
the November 2013 submission. Data were examined from 1973 through 2011 from the
SEER 9 registries (Atlanta, Connecticut, Detroit, Hawaii, lowa, New Mexico, San
Francisco—Oakland, Seattle-Puget Sound, and Utah), and for 2000 through 2011 from the
SEER 18 registries (SEER 9 plus Los Angeles, San Jose—Monterey, Rural Georgia, Alaska
Native Tumor Registry, Greater California, Kentucky, Louisiana, and New Jersey with
adjustments for the areas impacted by Hurricanes Katrina and Rita).
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The SEER data set includes information on patient demographics, tumor and disease
characteristics, and cancer-associated treatments, use of cancer-directed surgery, and

survival for individuals with cancer. Surgical intervention is coded in the SEER database as a
separate variable that indicates whether an operation was performed and whether or not it
was recommended. The actual surgical procedure directed at the primary site is coded as a
separate variable. No record of chemotherapy appears in this database.

Study Population

To minimize under-reporting bias of outcome variables during the last years of the reported
SEER data, the study population selected for our descriptive analysis (excluding incidence
trends) did not include the 2011 cases. The SEER database was queried to identify patients
with HCC using the International Classification of Disease (ICD) for Oncology codes (8170
to 8175) and site code C22.0 from 1973 to 2010 (Fig. 1).%:10 Patients with fibrolamellar
carcinoma (code 8171) and those diagnosed within 1 month before death (including patients
diagnosed at autopsy or by death certificate only) were excluded. Patients with the
fibrolamellar variant of HCC were excluded because they differ in clinical course and
prognosis, compared to conventional HCC.11-13 patients who were diagnosed within 1
month before death were included in incidence analyses, but excluded from survival
analyses because of SEER calculation of survival time in months and not days, for which
these cases would be deemed to have a survival of zero. Similarly, patients who were
diagnosed on the basis of a death certificate only or for the first time at autopsy were
excluded because of SEER calculation of a survival time of zero (Fig. 1). Patients with
another malignant primary tumor diagnosed within 5 years before their HCC diagnosis were
excluded to minimize the chance that metastatic disease to the liver was misdiagnosed as
HCC. To ensure a uniform cancer staging classification across all study years, we used the
SEER historic stage, which provides consistent definitions over time, as opposed to
American Joint Committee on Cancer staging, which is more commonly used in the clinical
settings, but is not available for many of the years analyzed. The SEER historic stages were:
localized (confined to primary site); regional (spread to regional lymph nodes); and distant
(cancer had metastasized).

Statistical Analyses

We obtained SEER incidence, incidence-based (IB) mortality, and survival data using
SEER*Stat software (version 8.12). All rates were age adjusted to the 2000 U.S. standard
population. Standard mortality statistics are not available for HCC because death certificates
do not include the histology of the cancer. We obtained IB mortality data by linking the
characteristics of the incident cancer (e.g., stage and histology) to the death certificate.1* For
a given year, HCC 1B mortality rate is the proportion of the total number of deaths in that
year attributed to HCC. Attribution to HCC is made when the cause of death on the death
certificate is HCC and the deceased is listed in the registry as having been diagnosed with
HCC at any earlier time.

The NCI's Joinpoint Regression Analysis program (version 3.5.3) was used to examine
trends in HCC incidence and 1B mortality.14 Incidence and 1B mortality data were modeled
in a segmented log-linear form. For each linear segment, annual percentage changes (APCs)
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in age-adjusted incidence and IB mortality were calculated, and 95% confidence intervals
(Cls) were reported. The APC represents the slope or gradient of each linear segment and
describes both the direction and the steepness of the segment. To predict the year in which
the incidence of HCC is predicted to stabilize (i.e., APC = 0), a simple linear regression
model was then fitted to the last line segment.

The SEER-9 (1973-2011) catchment was selected for overall analysis over SEER-18
(2000-2011) because it enabled analysis of trends over nearly 4 times as many years.
However, a sensitivity analysis of recent trends (2000-2011) was done using the SEER 18
registries because it covers approximately 28% (vs. 10% for SEER 9) of the U.S. population
and includes high HCC incidence areas, such as all of California, Louisiana, and New
Jersey.

In our survival analysis, the study population was divided according to decade of diagnosis:
1970s through 2000s (2011 data were not included). Median survival and survival rates were
calculated overall and for each decade. Trends in ordinal data were evaluated using the
linear-by-linear association test. The linear-by-linear test of trend offers a measure of
significance for ordinal variables (decade quartiles ordered from lowest to highest). Unless
otherwise specified, the P values reported for an analysis of survival trend refers to all of the
four decade quartiles. Subgroup analyses by treatment modality and stage at diagnosis were
performed. Cumulative survival rates were calculated using the method of Kaplan and
Meier, and survival curves were compared using the log-rank test.15

Cox's proportional hazard regression was used to determine independent predictors of
mortality. Covariates with a Pvalue <0.1 on univariate analysis were entered into
multivariate analysis. Covariates analyzed included age, gender, ethnicity, tumor
characteristics, stage of disease, and treatment modality. All reported P values were two-
tailed, and for all tests, £< 0.05 was considered statistically significant. All survival
analyses were performed using IBM SPSS (version 20.0; IBM Corp., Armonk, NY).

Patient and Primary Tumor Characteristics

A total of 63,297 patients with HCC met the inclusion criteria for our descriptive and
survival analysis (Fig. 1). Demographic and pathological characteristics of the study
population are shown in Table 1. The median age of the total cohort was 65 (interquartile
range: 64-66) years. Most patients were men (n = 47,346; 74.8%) and white (n = 41,396;
65.4%). Overall, the majority of patients had localized disease (n = 26,268; 41.5%), as
classified by the SEER historic stage. Diagnosis at an early and localized stage increased
significantly throughout the study period (n = 288; 23.3% to n = 23,237; 46.2%; P< 0.001).
Most patients (n = 40,067; 63.3%) had an unknown tumor grade, with a progressive decrease
in the proportion of patients with unknown tumor grade (n = 985; 79.8% to n = 30,631;
60.9%; P=0.01). Overall, 85.6% (n = 54,182) of patients had lymphovascular invasion on
final pathological examination. Mean tumor size was 3.0 cm (n = 41,637; standard error of
the mean = 0.2), and solitary tumors (n = 54,815; 86.6%) were more common than multiple
tumors (n = 8,482; 13.4%).
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Overall Incidence and Mortality Trends

Overall, the incidence of HCC is on the increase (Fig. 2). In 1973, HCC incidence was 1.5
cases per 100,000, whereas in 2011, it was 6.2 cases per 100,000. Although HCC incidence
continues to be on a rising trend, the slope of the rise decreased around 2007. From 2002 to
2007 the APC (i.e., the slope of increase in incidence) was 6.0% per year (95% confidence
interval [CI]: 3.3-8.7; £< 0.05), whereas from 2007 to 2011, the change was 2.7% per year
(95% CI: 0.6-4.9; P< 0.05). HCC incidence-based mortality follows a similar pattern of a
continued rise, with a deceleration occurring around 1994 (Fig. 3). From 1988 to 1994, the
APC was 4.9% (95% ClI: 2.2-7.7; P< 0.05), whereas from 1994 to 2011, the change was
3.6% per year (95% ClI: 3.3-3.9; £<0.05).

In a sensitivity analysis using SEER 18 data, there was an initial increase in the incidence of
HCC at a rate of 5.8% per year (95% ClI: 3.9-7.8; £< 0.05) from 2000 to 2005, followed by
a deceleration from 2005 to 2009 at an annual rate of 4.3%. Interestingly, after 2009, there
was no significant increase in HCC incidence (APC, 0.9%; 95% CI: —-4.7 to 6.8; P> 0.05;
Fig. 4). HCC IB mortality follows a similar pattern, with a deceleration observed from 2002
to 2009 at an annual rate of 4.8%, followed by no significant increase in HCC IB mortality
thereafter (APC, 1.3%; 95% ClI: —-6.1 to 9.3; 2> 0.05; Fig. 5).

In a simple linear regression analysis using the SEER 18 data and assuming a stable rate of
deceleration in HCC incidence after 2005, an APC of 0% was projected in 2017.

Trends by Sex

When sex-specific trends were explored, we found a continued increase in HCC incidence in
men from 1973 to 2006, followed by a deceleration thereafter at an APC of 3.0%. HCC
incidence in females follows a similar pattern, with a decrease in the APC at a rate of —2.0%
after 2009 to 2011 at a rate of —2.2% (Supporting Fig. 1A,B). In both men and women, there
was an initial increase in IB mortality rates, followed by a deceleration after 1995
(Supporting Fig. 2A,B).

Trends by Stage

The trends by cancer stage showed an overall increase incidence of localized and distant
HCC (Supporting Fig. 3A,B) across the study period, with a deceleration occurring around
2008. There was a concomitant initial increase in 1B mortality for all stages of cancer,
followed by a deceleration in mortality in recent years. For localized HCC, IB mortality
initially increased at an APC of 8.2% (95% ClI: 7.3-9.3) from 1988 to 2003 and then slowed
to an annual increase of 5.1% (95% CI: 3.9-6.4) thereafter. For distant HCC 1B mortality, the
initial APC increased at a rate of 2.3% (95% CI: 1.8-2.8) from 1985 to 2009, but decreased
from 2009 to 2011 at a rate of —2.2% (Supporting Fig. 4A,B).

Trends in Cancer-Directed Surgical Treatment

Of the 63,297 patients included, 14,431 (22.8%) underwent cancer-directed surgery (LT and
resection). In the overwhelming majority of cases (n = 10,332; 71.6%), surgery was done at
a local stage of disease. Use of surgical treatment overall, increased significantly over the
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study period (11.1%-25.6%; P < 0.01). The proportion of patients who had surgery at an
early stage increased over time (47.4%-73.4%; P< 0.01).

Trends in First-Course Hepatic Therapy

Data for first-course hepatic therapy (local tumor destruction, resection, and transplant) was
available in the SEER database from 1998 to 2010 (n = 49,538). Approximately 75% of
patients (n = 36,658) did not have any reported intervention. There was a temporal increase
in the use of local tumor destruction and transplant during the study period (21.9%-38.3%
and 20.5%-28.8%; P <0.05, respectively). Data on chemotherapy were not available.

Long-Term Survival Outcomes

Overall median survival was 6 months (95% CI: 5.9-6.1), with 1-, 5-, and 10- year survival
rates of 31.3%, 5.1%, and 0.8%, respectively. There was a statistically significant increase in
overall median survival from the 1970s to 2000s (2 vs. 8 months; £< 0.001). Survival
improvement was predominantly noted in patients with localized disease (3-18 months; Fig.
6) and to a lesser degree in patients with regional spread (3-6 months; Supporting Fig. 5A).
Metastatic disease had a small, but statistically significant, increase in median survival (2-3
months; Supporting Fig. 5B).

On multivariable Cox's regression analysis with adjustment for patient clinicodemographics,
tumor characteristics, and treatment, age (> 55 years), sex (male), race (black), tumor grade
(poorly differentiated), stage at diagnosis (regional and metastatic), lymph/vascular invasion,
number of primary tumors (>1), tumor size (=5 cm), hepatic resection, and LT were
independently associated with mortality (Table 2).

Specifically, receipt of LT (hazard ratio [HR] = 0.39; 95% CI: 0.38-0.40; £< 0.001) or
hepatic resection (HR = 0.75; 95% CI: 0.69-0.82; £< 0.001) versus other treatment
modalities was associated with a decreased risk of death.

Discussion

HCC incidence continues to increase in the U.S. population. However, this analysis shows
that the rate of rising incidence has slowed down significantly from 2006 to 2011. The
deceleration in incidence of localized cases may indicate improved HCC primary prevention
strategies (e.g., hepatitis B vaccination programs, screening of blood donors for hepatitis
viruses, and decline in intravenous drug abuse) as well as advances in chronic hepatitis
treatments, which limit progression to chronic liver diseases with high risk of HCC.1:2 If the
current rate of deceleration continues, incidence of HCC is predicted to stabilize, and
potentially decrease, within 3 years (by 2017). The current projections on HCC incidence
represent an important resource for planning and evaluating cancer-control programs.
However, because the estimates in this study are model based, there is a need to exercise
caution when using them. Although our study showed an increase in the number of HCC
cases diagnosed at an early stage of disease, the decrease in incidence of localized disease in
more recent years suggests prevalent, rather than incident, disease. Interestingly, HCC
incidence-based mortality trends also show a decreasing trend in recent years. The drop in
mortality observed was for all genders and cancer stages. This finding is further supported
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by the estimation of long-term survival by stage, which revealed that, over the study period,
the survival for all stages of HCC improved. Previous studies have suggested improving
HCC survival in the U.S. population, but the decline in mortality rates reported in this study
is a new finding. To clarify the importance of this new observation, it is imperative to
differentiate between mortality and survival. Mortality rates define the number of people
who die of a certain cause (e.g., HCC) in a year divided by the total number of people in the
at-risk population, whereas survival rates estimate the percentage of people with a disease
who are still alive at a given time point following diagnosis. We can only decrease the
mortality rate by preventing death, or curing the disease, whereas survival rate can be
increased by preventing death, curing the disease, making the diagnosis earlier, or slowing
down progression of the disease. Though both mortality and survival rates are important, the
mortality rates are a less-biased measure to quantify improvements in the management of
disease. Commonly observed forms of bias noted in survival analysis, such as lead time
(earlier diagnosis) and length time (less-severe cases diagnosed), do not affect mortality
analysis.

Over the study period, there was a progressive increase in detection of HCC at early stages
when it is potentially curable. These improvements may also be influenced by robust
screening and clinical surveillance of individuals with known risk factors for HCC.16-19
Despite the encouraging findings, a majority of eligible cases received neither surgical nor
local tumor destruction therapy. The low rate of intervention observed may reflect advanced
disease not amenable for ablation, resection, or transplant. This suggests that major
decreases in mortality are achievable with better application of early detection strategies and
increase utilization of appropriate curative therapy. These will likely lead to improved
overall survival in these patients.

Patients with early HCC are generally thought to have a good prognosis. The best median
survival in this study was observed among cases that received LT for early stage disease
(107 months; 95% CI: 100.3-113.7). Also, there was a significant increase in the utilization
of LT. The increase in LT is likely related to modifications in LT guidelines with Model for
End-Stage Liver Disease exception points resulting in prioritization of HCC patients over
patients without HCC.

In this study, black patients with HCC had the worst overall survival and were independently
associated with increased risk of death, compared to other races. Other reports also describe
differences in overall HCC survival, as well as treatment-specific survival between racial
groups.29-23 In one study of localized-stage disease treated with invasive therapy, blacks had
a 12% higher mortality rate, whereas Asians or Pacific Islanders had a 16% lower mortality
rate, when compared to whites.29 The survival advantage among Asians or Pacific Islanders
undergoing curative treatment, especially surgery, could partially be explained by the lower
prevalence of cirrhosis among HCC cases, given that hepatitis B virus (HBV) is the
predominant etiology of HCC in this population. Recent studies have suggested that, in
early-stage HCC, compared to cases with hepatitis C virus—associated HCC, HBV-
associated HCC cases had better outcomes after surgery.17:2425 A possible rationale for this
is the better liver reserve and less hepatic inflammation among the HBV-associated HCC.
Also, because some Asian or Pacific Islander groups are known to be at high risk of HCC as
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a result of endemic HBYV infection, health care providers may be more stringent in
implementing screening guidelines in individuals of this ethnic group, hence leading to the
detection of HCC at stages where curative therapy is still possible. In addition, social factors,
such as income, education, employment, and low access to health care among blacks, have
been linked to the racial disparities in survival observed.21:26-28

Tumor size is a known risk factor for poor survival following resection of HCC. In this
study, tumor size =5 cm was independently associated with increased risk of death. Similar
to previous studies, vascular invasion was a strong predictor of mortality. The recognition
that vascular invasion is independently associated with an adverse prognosis may be
important both in risk stratification of patients and in clinical decision making.

Our analysis has numerous strengths, including the comparison of incidence and IB
mortality trends as well as ability to examine trends by sex and stage. However, these results
need to be interpreted with caution because of limited information on the method of
diagnosis, as well as patient comorbidities, HCC etiology, and treatment. SEER does not
report on the presence or extent of liver cirrhosis, which may affect prognosis. However, our
survival analyses focused on all-cause mortality and were therefore not influenced by the
type of underlying liver disease. We carried out a survival analyses on a large population
data set. Given the nature of data used, it is important to consider the possibility of patient
selection bias, miscoding, missing, or inaccurate data entry. However, some studies have
shown that data entry errors and misclassification bias is very minimal in the SEER
database.>827.29 The increase in the number of patients reported in the 2000s with HCC,
compared to the previous decades, may be a result of detection bias given the increase in
early-stage cancer and improved staging over the study period. The resulting detection bias
may lead to a spurious increase in incidence. On the contrary, our study showed a
deceleration in the incidence of HCC in the last decade. Although the data derived from the
SEER data set offer a perspective that is generalizable to many practice patterns, the data do
not include detailed information on the characteristics of adjuvant treatment regimens. As
such, the data set do not contain data on the type of chemotherapy used. Although we should
not entirely exclude lead-time bias as a contributory factor, the magnitude of the overall
survival gains (4-fold increase in overall median survival from the 1970s to the 2000s)
cannot be explained solely by lead-time bias resulting from earlier diagnosis. Finally, data in
the current study include patient data only through 2011. More data in the sorafenib era are
required to further appreciate the gains in overall mortality or survival for metastatic disease.

In conclusion, HCC diagnosis and management are changing in the U.S. population, with
favorable results on stage, treatment, mortality, and survival. Our results indicate a
deceleration in the incidence of HCC around 2006. Since 2009 and for the first time in four
decades, there was no increase in IB mortality and incidence rates for HCC in the U.S.
population. The nonsignificant increase in incidence and incidence-based mortality in recent
years suggest that the peak of the HCC epidemic may be near. These novel findings warrant
further investigation and characterization, because such research could enlighten future
cancer prevention and intervention programs aimed at decreasing HCC mortality. A
significant survival improvement in HCC was also noted from 1973 to 2010, which seems to
be driven by earlier detection of HCC at a curative stage, and greater utilization of curative
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modalities (especially LT). The small percentage of eligible cases receiving curative
treatment suggests that there is room for further improvement in survival, with
implementation of the HCC control guidelines. Early diagnosis through better screening
measures, together with patient and physician education on up-to-date guidelines and
treatment protocols, should continue to be a priority to improve patient outcomes.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Flow diagram of patient selection out of the total 76,518 patients identified with HCC to

arrive at those patients who were included in our descriptive (excluding incidence trends)
and survival analysis within the SEER database 1973-2010.
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SEER 9 HCC incidence trends overall 1973-2011.
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Fig. 3.
SEER 9 HCC IB mortality trends overall 1973-2011.
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SEER 18 HCC incidence trends overall 2000-2011.
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Kaplan-Meier's analysis: localized HCC. Graph shows increasing survival from the 1970s to
2000s, with the largest improvement in survival noted from the 1990s to 2000s. The Pvalues
reported for trend analysis refers to comparison among all of the four decade quartiles.
Abbreviation: Cum, cumulative.
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Table 2
Mortality After Diagnosis of HCC
95% ClI

Risk Factor HR* Lower Upper P Value
Age, years
<55 Referent
55-75 111 1.09 1.14 <0.001
>75 1.35 1.30 1.39 <0.001
Gender
Female Referent
Male 1.07 1.04 1.09 <0.001
Race
Other Referent
Asian or Pacific Islander 0.96 0.87 1.05 031
White 1.13 1.04 1.24 0.01
Black 1.24 1.13 1.36 <0.001
Grade
Well differentiated Referent
Poorly differentiated 1.13 1.09 1.17 <0.001
Lymph/vascular invasion
No Referent
Yes 1.08 1.05 111 <0.001
Only one primary tumor
No 112 1.09 1.16 <0.001
Yes Referent
Tumor size, cm
<5 Referent
25 1.14 111 117 <0.001
Stage
Localized Referent
Regional 1.12 1.09 1.16 <0.001
Metastatic 1.53 1.48 158  <0.001
Treatment modality
Other Referent
Resection 0.75 0.69 0.82  <0.001
Transplant 0.39 0.38 0.40 <0.001

*
HRs greater than 1.0 indicate a higher risk of death.
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