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Abstract

BACKGROUND & AIMS—L.ittle is known about provider and health system factors that affect
receipt of active therapy and outcomes of patients with hepatocellular carcinoma (HCC). We
investigated patient, provider, and health system factors associated with receipt of active HCC
therapy and overall survival.

METHODS—We performed a national, retrospective cohort study of all patients diagnosed with
HCC from January 1, 2008 through December 31, 2010 (n = 3988) and followed through
December 31 2014 who received care through the Veterans Administration (128 centers).
Outcomes were receipt of active HCC therapy (liver transplantation, resection, local ablation,
transarterial therapy, or sorafenib) and overall survival.

RESULTS—In adjusted analyses, receiving care at an academically affiliated Veterans
Administration hospital (odds ratio [OR], 1.97; 95% confidence interval [CI], 1.60-2.41) or a
multi-specialist evaluation (OR, 1.60; 95% ClI, 1.15-2.21), but not review by a multidisciplinary
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tumor board (OR, 1.19; 95% ClI, 0.98-1.46), was associated with a higher likelihood of receiving
active HCC therapy. In time-varying Cox proportional hazards models, liver transplantation
(hazard ratio [HR], 0.22; 95% ClI, 0.16-0.31), liver resection (HR, 0.38; 95% ClI, 0.28-0.52),
ablative therapy (HR, 0.63; 95% CI, 0.52-0.76), and transarterial therapy (HR, 0.83; 95% ClI,
0.74-0.92) were associated with reduced mortality. Subspecialist care by hepatologists (HR, 0.70;
95% Cl, 0.63-0.78), medical oncologists (HR, 0.82; 95% ClI, 0.74-0.91), or surgeons (HR, 0.79;
95% Cl, 0.71-0.89) within 30 days of HCC diagnosis, and review by a multidisciplinary tumor
board (HR, 0.83; 95% CI, 0.77-0.90), were associated with reduced mortality.

CONCLUSIONS—In a retrospective cohort study of almost 4000 patients with HCC cared for at
VA centers, geographic, provider, and system differences in receipt of active HCC therapy are
associated with patient survival. Multidisciplinary methods of care delivery for HCC should be
prospectively evaluated and standardized to improve access to HCC therapy and optimize
outcomes.

Keywords

Population; Liver Cancer; Quality; Risk Factor

The incidence of hepatocellular carcinoma (HCC) and associated mortality have been
steadily on the rise.1:2 Liver cancer is currently the second leading cause of cancer mortality
worldwide, is among the leading causes of death in cirrhosis, and is the fifth leading cause of
cancer death in the US.13-5 The management of HCC differs from most other solid tumors
in that: (1) this cancer arises in the setting of cirrhosis, which impacts therapeutic options
and creates a competing risk for mortality; (2) durable cure can be obtained in a subset of
patients with early stage disease; and (3) radiologic criteria may be sufficient for diagnosis
in the absence of biopsy confirmation.5-8 Multiple and evolving treatment modalities offered
by diverse treating specialties must be tailored to each HCC patient based not only on tumor
stage but also on hepatic reserve and performance status. Furthermore, because death in
patients with HCC generally results from progressive liver failure, often requiring careful
temperance of treatment decisions, patients require collaborative or multidisciplinary care.

In the community, the primary management of HCC may be directed by gastroenterologists,
hepatologists, surgeons, or oncologists; however, it remains unclear to what extent care by a
particular specialist and multidisciplinary care coordination affect treatment utilization and
clinical outcomes.

Currently, most data on HCC outcomes in the US have been derived from the Surveillance,
Epidemiology, and End Results (SEER)-Medicare data. These studies demonstrate that
curative therapies for HCC are underutilized and care is geographically heterogeneous.%-12
While informative, SEER-Medicare linked data are limited by: (1) inclusion of older patients
less likely to be candidates for transplantation and other curative therapies; (2) American
Joint Committee on Cancer TNM staging that is rarely utilized for clinical decision-making;
and (3) non-documentation of liver disease severity, a strong predictor of treatment and
survival 13

Care delivery variables such as multidisciplinary tumor board review/discussion, clinician
expertise, and geographic variation remain understudied in HCC. The Veterans
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Administration (VA) is the largest integrated provider of liver cancer-related care in the US,
treatment that occurs in primary, secondary, and tertiary care facilities and in urban,
suburban, and rural settings. The objectives of this study were to: (1) characterize the
clinical presentation, treatment utilization, and survival in a diverse national sample of
veterans, and (2) investigate associations between patient geographic, VA facility, and
provider factors associated with receipt of active HCC therapy and overall survival.
Specifically, we aimed to evaluate the impact of active HCC treatment on overall survival
and identify whether care processes, such as having access to multidisciplinary tumor boards
and treating HCC specialists (hepatologists, gastroenterologists, surgeons, oncologists), was
associated with improved survival. We hypothesized that curative treatments,
multidisciplinary tumor board review/discussion, and hepatology care were associated with
improved survival in HCC.

Data were obtained as part of the Veterans Outcomes and Costs Associated with Liver
disease (VOCAL) cohort study. Complementary detailed medical record review and
administrative data sources were used for data collection for all eligible veterans nationally.
The institutional review board at each of 7 VOCAL sites approved the study; manual chart
review was performed centrally at the VA Connecticut Healthcare System.

Electronic Medical Record

Patients with potential HCC were initially identified by querying the VA Corporate Data
Warehouse (CDW) for 1 inpatient or 2 outpatient International Classification of Diseases, 9™
Revision, Clinical Modification (ICD9-CM) primary or secondary diagnosis codes for
malignant neoplasm of the liver (ICD9-CM: 155.0, 155.2) from January 1, 2008 to
December 31, 2010 and were followed through December 31, 2014. Diagnostic
confirmation and tumor staging was obtained by manual chart abstraction of all cases
performed by 2 trained individuals (R.M., K.D.) under physician supervision (T.H.T.).
Information included the date and modality of the first image concerning for malignancy,
official HCC diagnosis date, criteria upon which the HCC diagnosis was based, number and
size(s) of tumors, presence or absence of macrovascular invasion and/or metastasis at the
time of diagnosis, and whether the patients remained in VA care. Veteran performance status
was assessed using the Eastern Cooperative Oncology Group (ECOG) performance status
classification (coded as PS 0-2, PS 3-4).14 The date of HCC diagnosis was determined
using the first date of imaging with contrast-enhanced computed tomography or magnetic
resonance imaging that met diagnostic criteria for HCC,’ the date of the pathology report in
cases where biopsies were performed, and the date of tumor board discussion (when
available) in cases where imaging was equivocal. Tumor staging classification using the
Barcelona Cancer Liver Clinic (BCLC) criteria was determined using medical record
information. Milan criteria (accepted criteria for liver transplantation in the US) were
defined as a single lesion <5 cm or up to 3 lesions all < 3 cm with no macrovascular
invasion.1®
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Patients were excluded for: a clinical diagnosis other than HCC; indeterminate lesions not
meeting American Association for the Study of Liver Diseases (AASLD) imaging criterial®
for HCC; diagnosis date preceding January 1, 2008; or treatment initiation outside of the
VA. Provider factors such as the types of specialty physicians (eg, surgery, hepatology, etc.)
seen for HCC consultation within the first 30 days of diagnosis and multidisciplinary tumor
board discussion were also recorded from manual chart review.

Administrative Data Sources

The CDW is a centralized VA administrative and clinical data repository that contains
patient demographics, ICD9-CM diagnosis codes, current procedural terminology (CPT)
codes, laboratory data, and pharmacy prescription records on all patients receiving care
within the VA.17 Baseline clinical variables included patient demographics, ICD9-CM
determined liver disease etiology, Charlson-Deyo comorbidity index, Model for End-Stage
Liver Disease (MELD) score component laboratory tests, and serum alpha fetoprotein,18:19
Electronic Child-Turcotte-Pugh (CTP) score was determined using our validated
algorithm.20 CPT codes from Procedural, Radiology, and fee-basis tables were used to
identify liver resection, ablative, transarterial therapies, and hospice care. The fee-basis table
for non-VA treatment in the CDW contains all treatments received outside of the VA for
which a claim was generated by a third party. This includes claims for all treatments pre-
authorized by the VA or outside emergency care not pre-authorized by the VA. A total of
95% of claims are processed within 200 days and 99% are processed within 2 years.2!
Transplantation status was ascertained by cross-referencing the Organ Procurement and
Transplantation Network Standard Transplant Analysis and Research file [Based on OPTN
data as of June 1, 2015].22 Sorafenib prescriptions were determined via outpatient pharmacy
records by using pharmacy release dates. Rurality and patient distance to the nearest VA
medical center (VAMC) were determined using patient zip codes.?3 Rurality codes were
derived from the US Department of Agriculture 2013 Rural-Urban Continuum Codes.23

Ascertainment of Active HCC Therapy

All HCC treatments performed within the VA health care system during the follow-up period
were recorded, including if they occurred at multiple VA facilities or if performed outside of
the VA but paid by VA funds (“fee-basis”). The process outcome of interest was the overall
percentage of patients receiving active HCC therapy and stratified by the BCLC staging
system.24 Active HCC therapy was classified into the following categories: liver
transplantation, resection, ablative therapy (microwave, radiofrequency, or cryo-ablation),
transarterial therapy (chemoembolization or 90Y-radioembolization), sorafenib, systemic
chemotherapy, or radiation. Interventional radiology treatments within VA facilities were
identified using text-based Structured Query Language queries from radiology tables of the
CDW (eg, “embolization,” “ablation™) with extensive manual review of the text-based
“procedure description” to identify liver-specific procedure identifiers for each station (see
Supplemental Methods). Surgical procedures within the VA were identified from inpatient
procedure tables using CPT codes 47100 (wedge resection), 4712x/47130 (hepatectomy),
and 4737x/47381 (intraoperative ablative techniques). Transplantation events were obtained
from the Organ Procurement and Transplantation Network Standard Transplant Analysis and
Research file. For patients who received HCC care within the VA but whose treatment was
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obtained outside of the VA and reimbursed by the VA (eg “fee-basis”), the fee-basis tables of
the CDW were initially queried for all procedures (treatment-related or not) associated with
ICD9 codes corresponding to malignant neoplasm of the liver (ICD9-CM: 155.0, 155.2). All
CPT codes were then manually matched to individual procedures; CPT codes corresponding
with known HCC treatments were then catalogued (Supplemental Methods). In the rare
instances where CPT codes were not correctly classifying HCC treatment modalities (eg,
codes present for intracranial embolization rather than trans-arterial embolization), study
investigators reviewed and assigned procedures through manual review. We additionally
performed a focused electronic medical record review and manually abstracted the first HCC
therapy received (or no therapy received) among 223 patients (6% of cohort) to validate our
treatment identification algorithms.

The clinical outcome of interest was overall 5-year survival. Death was ascertained using the
VINCI Vital Status Master File (censoring as of December 31, 2014), which contains dates
of death as recorded in all of the main federal mortality databases and has a sensitivity
greater than 90% compared with the gold standard state death certificate registries.2

Statistical Analysis

Bivariate analyses were conducted with 2 or Fisher’s exact tests for categorical variables, ¢
tests, Kruskal-Wallis, and Wilcoxon rank sum tests for continuous variables where
appropriate. Time-to-event data were compared using the log-rank test. A multivariable
logistic regression model was fit to evaluate factors associated with not receiving active
HCC therapy. Clinical and biological covariates known to affect the likelihood of treatment
(eg, tumor stage, performance status, comorbidity) as well as covariates with a P value of <.
15 in univariate analysis initially were selected for the multivariable model. The Vuong
likelihood ratio test and the Homer-Lemeshow goodness-of-fit test were performed to
evaluate model fit. For the outcome of mortality, time-varying Cox proportional hazards
models were fit. Model 1 included active HCC therapy as the main time-varying exposure
and was adjusted for race, Charlson-Deyo comorbidity, and presenting BCLC stage. Model
2 was fit with additional VA facility and provider factors to evaluate their effect on survival.
In the time-varying analyses, we accounted for each distinct treatment modality the patient
may have received, eg, chemoembolization, radiation, %°Y-radioembolization, etc. The total
follow-up time for each patient was split into several observations accounting for each HCC
therapy or no therapy where appropriate. Patients receiving more than 1 of the same type of
HCC therapy (eg, TACE) were considered to be exposed to that treatment since the first
treatment. Patients were censored at death or end of VA follow-up. Covariates for time-
varying models were chosen if Pwas <.15 in univariable analyses. Spearman’s rho
coefficients evaluated the correlation between proportion of active HCC therapy and median
overall survival. Adjusted subgroup analyses were performed to evaluate the effect of fee-
basis therapy (outside of the VA) on overall survival among patients with and without
transplantation. A 2-sided P value of <.05 was defined to be statistically significant.
Analyses were performed using Stata 13 (StataCorp, College Station, TX) and the geosphere
package in R.26
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A total of 6827 patients were initially identified to have a malignant neoplasm of the liver by
ICD9-CM diagnosis codes. After chart review, 1488 were excluded because of absence of
HCC or presence of a non-HCC primary neoplasm (eg, cholangio-carcinoma, non-HCC
metastatic disease); 1126 because of HCC diagnosis outside of the VA; 225 for management
outside the VA, leaving the total study sample at N = 3988. Baseline characteristics of the
sample stratified by CTP class are shown in Table 1. A total of 82% of patients had ICD9-
CM-documented cirrhosis and nearly one half had CTP class B or C (decompensated)
cirrhosis. The most common liver disease etiology was the combination of hepatitis C virus
and alcohol (39%), followed by hepatitis C virus; 2.4% had HIV co-infection. The median
MELD score was 10 (interquartile range [IQR] 7-13) overall; 17 (IQR 14-10) among
patients with CTP class C. Most patients had ECOG performance status of <2. Nearly 36%
of patients presented with early stage HCC (BCLC stages 0 or A). Among tumor
characteristics, 36% of patients presented within Milan criteria for transplantation,16 18%
had macrovascular invasion, and 7.2% had metastatic disease. Patients with advanced (CTP
class B/C) cirrhosis presented with more advanced HCC and were more likely to have
macrovascular invasion.

Data on patient geographic, VA facility, and provider factors are a presented in Table 2. Most
veterans were urban-dwelling and half lived within 74 miles of the closest VA hospital. A
total of 69% of patients received care at academically affiliated VAMCs. No differences
were noted in CTP class by geographic region or among VAMCs with or without academic
affiliation. A total of 51% of patients were treated at VAMCs located greater than 500 miles
to the nearest VA transplant center. Within the first 30 days of HCC diagnosis, 46% of
patients saw medical oncologists, 44% gastroenterologists, 42% hepatologists, and nearly
20% saw palliative care and surgery providers. A total of 54% were evaluated by more than
1 specialist and 34% were discussed at multidisciplinary tumor conference. Patients with
CTP class B or C cirrhosis were less likely to see medical oncology, hepatology and surgery;
however, they were more likely to see palliative care providers. Patients with CTP B or C
cirrhosis were less likely to have cases reviewed at multidisciplinary tumor board (CTP A,
37%; CTP B, 31%; CTP C, 26%).

Per administrative identification of HCC-directed treatments, 74% of the cohort received
active HCC therapy and 10% primarily entered hospice care. To confirm the accuracy of our
administrative determination of receipt or non-receipt of therapy, we performed a validation
of 223 cases (6%). Among the 170 patients administratively identified as having active HCC
therapy, n = 168 (99%) were confirmed to have HCC therapy by chart review; the specificity
for identifying each treatment modality was 92%. Among the 53 patients that we classified
as having no therapy, n = 43 (81%) did not receive any therapy and 11 (19%) received
therapy outside of the VA (the latter was not fee-based and was likely obtained through
commercial insurance). Overall, the degree of agreement between our algorithm and manual
chart abstraction was high: k = 0.85 (95% confidence interval [CI], 0.80-0.91). Based on the
high correlation of administrative and manually obtained treatment data, we evaluated the
first treatment (Figure 1) and all treatments (Supplementary Figure 1) received stratified by
BCLC stage at cohort entry. The most common therapy first prescribed was transarterial
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therapy (54%), followed by sorafenib (27%) for the overall cohort and for BCLC Stages
0/A/B; sorafenib was the most commonly utilized initial therapy for BCLC stage C (63%).
Among patients with potentially curable HCC (BCLC stages 0/A; n = 1419), only 25%
received potentially curative therapies such as resection, transplantation, or ablative therapy.
Even among patients with potentially curable HCC and good performance status (ECOG 1-
2), 13% of patients did not receive active HCC therapy.

Factors Associated With Active HCC Therapy

The characteristics associated with not receiving HCC therapy are shown in Table 3. In a
multivariable model, demographic and clinical characteristics independently associated with
lower odds of receiving HCC therapy were: older age (odds ratio [OR] 0.77; 95% CI, 0.68—
0.86 for each 10-year increase), higher MELD scores (0.93; 95% CI, 0.92-0.96 for each 1-
point increase), CTP class =B (OR 0.67; 95% CI, 0.54-0.83), ECOG performance status of
3-4 compared with 0-2 (OR 0.40; 95% CI, 0.27-0.56), baseline alphafetoprotein (AFP)
=200 ng/mL (OR 0.80; 95% ClI, 0.66-0.97), and macrovascular invasion (OR 0.60; 95% ClI,
0.47-0.77). Facility rurality and patient distance to a VAMC had no significant impact on
receipt of therapy. Patients receiving care at VA hospitals with an academic affiliation had
higher odds of receiving active HCC therapy (OR 1.97; 95% ClI, 1.60-2.41). Regional and
provider differences were also evident. Compared with the reference category of the
Northeast region, patients receiving care in the Midsouth had lower odds of receiving HCC
therapy (OR 0.62; 95% ClI, 0.44-0.85). Patients evaluated by general gastroenterology (OR
0.56; 95% CI, 0.43-0.72) and palliative care (OR 0.24; 95% ClI, 0.18-0.31) had lower odds
of receiving active HCC therapy compared with patients not seen by those specialists; by
contrast, patients seen by medical oncology and surgery within 30 days were more likely to
receive HCC therapy. Evaluation by more than 1 specialist (OR 1.60; 95% ClI, 1.15-1.21)
was associated with higher odds of active HCC therapy, whereas no specialist (hazard ratio
[HR], 0.56; 95% CI, 0.29-1.08) and multidisciplinary tumor board did not reach statistical
significance (HR, 1.19; 95% CI, 0.98-1.46).

Survival Analysis

The total follow-up time for the study cohort was 6605 person-years, with a median survival
of 1.1 years (IQR, 0.4-2.7) and overall 5-year survival of 11.9%. Median unadjusted overall
survival stratified by BCLC stage is shown in Figure 2. Results of the multivariable survival
models with active HCC therapy as a time-varying covariate are shown in Table 4. Model 1
included HCC therapy, patient demographics, and clinical covariates; whereas Model 2 was
additionally adjusted for VA facility and provider factors. In both models, resection,
transplantation, and liver-directed therapy were independently associated with improved
survival and curative therapies (liver transplantation, resection, and ablative therapy) had an
incrementally greater survival benefit than transarterial therapy, whereas sorafenib was
associated with higher mortality. In Model 1, older age, race, Charlson-Deyo comorbidity,
presenting BCLC stage, higher MELD, and CTP class were associated with increased
mortality risk. After adjustment for facility and provider factors in Model 2, active HCC
therapy, demographics, Charlson-Deyo comorbidity, and presenting BCLC stage remained
independently associated with overall survival. However, these relationships were somewhat
attenuated. Among facility and provider factors, region (overall £=.001), specialist seen
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within 30 days of diagnosis (hepatology: HR, 0.70; 95% CI, 0.63-0.78; medical oncology:
HR, 0.82; 95% Cl, 0.74-0.91; surgery: HR, 0.79; 95% ClI, 0.71-0.89; palliative care, HR,
2.10; 95% ClI, 1.87-2.36), and multidisciplinary tumor board (HR, 0.83; 95% CI, 0.77-0.90)
were associated with overall survival. A moderate correlation was noted between the
proportion of patients receiving active HCC treatment at each Veterans Integrated Service
Network and overall median survival (Spearman p = 0.40, P=.02; Figure 3).

Subgroup Analyses: Effect of Fee Basis (Non-VA Therapy)

A total of 390 patients (10%) who received active HCC therapy excluding transplantation
received fee-based HCC therapy outside of the VA. A total of 968 of 4565 (18%) treatments
were fee based. Of the fee-based therapies, 1.6% (n = 16) were resection, 15% (n = 143)
ablative, and 84% (n = 809) were trans-arterial (84%). In Cox proportional hazards models
adjusted for BCLC stage, among patients who did not receive transplantation, fee-basis
therapy was not significantly associated with mortality compared with VA treatment (HR,
0.93; 95% Cl, 0.82-1.07; P=.318). Similarly, among the patients who went on to receive
transplantation, fee-basis therapy was not associated with mortality compared with VA
treatment (HR, 0.95; 95% Cl, 0.54-1.67; P=.846).

Discussion

The VA is the largest single care provider to patients with chronic liver disease in the US.
The detailed clinical data presented, including tumor size, staging, and performance status,
overcome the limitations of many previous US studies with small sample sizes and with
variable tumor stage reporting.1° In addition, to comprehensively examining clinical factors,
we evaluated important facility, provider, and health-system level characteristics potentially
guiding the delivery of HCC care and clinical outcomes among a diverse, national sample of
patients receiving care at 128 medical centers (69% academic, 31% community-based).
Findings from the VOCAL cohort of predominantly older males with significant medical
comorbidities are important in light of the aging US population and a nearly 70% expected
increase in cancer among older adults.2’

It is not surprising that active HCC therapy was associated with prolonged survival, or that
curative treatments (resection, transplantation, ablation) conferred the greatest survival
benefit as shown in smaller, tertiary-care center settings.28-34 Expectedly, the biologic
factors independently associated with no active HCC therapy were poor performance status,
large tumor burden, decompensated liver disease, and high comorbidity. However, even
among a subset of the fittest patients with potentially curable disease (BCLC stages 0-A,
CTP A cirrhosis, and ECOG performance status 0-2) 13% did not receive any active
treatment. Furthermore, only 25% of early stage (BCLC 0-A) patients initially received
guideline-recommended therapy with curative intent, whereas the majority (54%) were
initially treated only with palliative trans-arterial therapy. Though the precise reasons for
these gaps in care need to be further investigated, process of care variables affected receipt
of active therapy and survival. Receiving care at VAs with academic affiliations and multi-
specialty evaluation were both associated with higher odds of receipt of active therapy.
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Independent of tumor burden and medical comorbidity, receipt of HCC therapy and overall
survival differed by region and provider specialty type. HCC in the US generally arises in
patients with cirrhosis3® for whom optimizing therapy depends as much on tumor stage as
on liver function, and multidisciplinary expert collaboration may lead to superior outcomes.
Interestingly, we noted that hepatology care, while not associated with higher odds of
receiving active therapy, was associated with a 30% mortality reduction. We can postulate
that hepatologists, as experts in liver disease, are more likely to withhold treatment for
patients with significant liver dysfunction and for those unlikely to benefit from tumor-
directed care, and more likely to evaluate patients for curative therapies such as
transplantation or resection. We noted that care by gastroenterology (non-hepatology)
specialists was associated with lower odds of receipt of active HCC therapy (including
transplantation, curative, and palliative therapies) and not associated with a survival benefit.
Patients with access only to gastroenterology and not to hepatology providers were 32% less
likely to receive care at academically affiliated VAs and 41% less likely to be reviewed at
multidisciplinary tumor conferences. Thus, whether management by a hepatologist per se, or
management at an institution with hepatology services, explains improved outcomes
requires further study. The finding that multidisciplinary tumor board discussion was
associated with a survival benefit has been noted in previous smaller investigations showing
that multidisciplinary tumor board,36:37 multi-specialty-involvement,®-38 and receipt of care
at hospitals with liver transplant programs and National Cancer Institute-designated
Comprehensive Cancer Centers3? resulted in superior utilization of curative treatments and
improved patient outcomes. 40

Stage-specific median survival rates for BCLC 0/A/B/C/D patients in our cohort were 3.2,
2.4,1.2,0.4, and 0.3 years, respectively. Few comparable datasets exist to compare BCLC
stage-specific survival and the impact of specific therapy in primary, secondary, and tertiary
settings. The largest international prospective HCC registry, the global HCC BRIDGE
study#! included 18,031 patients (13% from North America, 20% from Europe, and 67%
from Asia) from 42 large academic centers. Compared with veterans, the North American
patients in BRIDGE were similar in age and were mostly male (as in our cohort); however,
23% of North American BRIDGE patients had hepatitis B virus (HBV) compared with 3%
in our study because of study site locations. Notably, more patients in the BRIDGE study
had BCLC stage C disease (42%) compared with our study (17%). Because the BRIDGE
study did not report stage-specific survival by region, it is challenging to compare the
differences in median survival from our cohort (approximately 2.3 years lower for BCLC
stage A, approximately 1 year lower for stages B and C, and comparable for stage D) as
these differences could largely be explained by lower rates of cirrhosis in HBV-infected
BRIDGE subjects with related higher utilization of curative therapies. Limited comparison
can also be made to the US SEER-Medicare HCC cohort from 2000-2007 reported by
Shaya et al.12 SEER-Medicare does not report BCLC staging because of the absence of data
on liver disease severity and performance status, but the HRs we report for survival with
resection, transplantation, and liver-directed therapy are highly comparable to those
observed in SEER-Medicare enrollees. In later reports from the SEER registry,3° the overall
5-year survival rate for patients within Milan criteria of 39 months was slightly higher than
the BCLC 0/A patients in our cohort (38months and 28 months, respectively) but some of
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this difference could be explained by lower median age, higher frequency of Asian patients
(more likely to have noncirrhotic HCC caused by HBV), higher frequency of female
patients, and biases related to requirements for histologic confirmation in that cohort. Again,
the HRs for individual interventions in that study were highly comparable to the present
study, with adjusted HRs associated with transplantation (0.12), resection (0.25), and
locoregional therapy (0.54). Thus, our cohort appears to reflect treatment patterns and
survival rates of other community-based North American cohorts.

A striking finding was that 24% of HCC patients received no HCC-specific care. There is
strong internal validity of our data; recent data from Khalaf et al, in a smaller cohort of
veterans with HCC, found a non-treatment rate of 34.5% with similar stage-specific survival
for untreated patients.*2 In SEER-Medicare patients in 2000—2007, fewer than 40%
underwent any HCC-directed interventions, likely because of age and comorbidities.1? Later
SEER registry data30 also demonstrate very low treatment rates, even for early stage HCC in
US patients, with 43% of patients within Milan criteria not undergoing surgery, ablation, or
transplantation. Thus, the non-treatment rates we observed are slightly lower than those
observed in similar cohorts. Survival for untreated patients in our cohort was about 5
months, about 4 months less than reported in a recent European study,*3 but also likely
because of significant demographic differences across the study populations.

Although some of the reasons for care variation in HCC are not comprehensively measured
with secondary data, our results suggest that access to multidisciplinary and expert care (eg,
hepatology, surgery, interventional radiology, oncology) is critical for optimizing treatment
choices and for maximizing survival, but that such access is non-uniform. Our data indicate
that similar barriers to high-quality liver cancer care exist, as have been identified for
complex cirrhosis care. Specifically, Kanwal et al** identified hepatology clinician
shortages, clustering of specialists around transplant centers, and inadequate care
coordination between providers as key factors associated with poor cirrhosis care quality.
These authors further contend that evidence-based metrics to guide quality improvement
efforts could be used to improve the management of cirrhosis. Detailed national VA clinical
and administrative data are a unique resource that may be tapped to facilitate development of
a parsimonious set of evidence-based, patient-centered, liver cancer-specific quality
measures. Such quality measures, which may be centered on timeliness and receipt of
appropriate clinical care, patient survival, and/or patient-reported outcomes, could be
applicable both within and outside the VA system.

In addition to quality measures, integrated health care systems such as the VA could also
designate outcome-based HCC centers of excellence to allow patients and referring
providers to obtain optimal evaluation and treatment. Alternatively, telehealth technologies
can be harnessed to reduce geographic barriers to access with liver cancer-specific virtual
tumor boards (VTBSs). Several such VTBs have emerged within the VA system in the last
several years. For instance, the study authors implemented a telehealth-based, regional,
multidisciplinary VTB in Southeastern Pennsylvania in 2014 to improve access for rural
Veterans to tertiary liver cancer care. In the first year of the regional VTB, access to expert
body radiologist interpretation of magnetic resonance imaging and computed tomography
imaging reduced diagnostic liver biopsy rates from 24% to 6% and access to the
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academically affiliated, hepatology-driven multidisciplinary team reduced the time to receipt
of active HCC therapy for rural Veterans by nearly 30 days.2% Although telehealth-based
VTB have strong potential to reduce diagnostic delays and to speed development of
comprehensive treatment plans, significant barriers to implementation exist both within#®
and outside the VA,%® including challenges related to timing, care coordination, patient
travel/satisfaction, and expert/referrer compensation. Thus, optimization of efficient
approaches to deliver expert HCC care for patients living in medically underserved or
geographically remote areas requires further study.

As with any observational cohort study, the potential for unmeasured confounding must be
acknowledged. This was a study of mostly male US veterans who are older, may be more
affected by medical comorbidities, and have worse outcomes than the general US
population. However, these data serve to fill important knowledge gaps not addressed in
clinical trials that enroll younger patients with no advanced liver disease. Although much of
the tumor staging and receipt of therapy data were abstracted from chart review, ICD9-CM
diagnosis codes were used to determine comorbidity and underlying liver disease that could
possibly introduce misclassification bias. No information was collected on veterans who did
not primarily receive VA care for HCC; they may have had more commercial insurance and
different access to specialty care and transplantation. Although our algorithms were highly
accurate in identifying active HCC therapy, we were somewhat limited in our ability to
capture non-fee—based, non-VA care obtained through commercial insurance and Medicare.
While we believe the impact is negligible (approximately 20% in our validation cohort),
contamination by treated patients in our untreated group would result in an underestimation
of the relative benefits of active HCC therapy on survival. Future studies should be
performed linking VA data to Medicare data to more comprehensively evaluate the effect of
care fragmentation on HCC outcomes. Though geographic and provider differences in care
patterns and survival were noted, precise reasons for these differences (eg, provider
expertise, patient access and adherence to treatment recommendations) were not elucidated
in this study and should be explored further.

Conclusions

Among a large, national sample of veterans with HCC, we identified important
demographic, clinical, and care delivery characteristics that affect receipt of active HCC
therapy and overall survival. Delivery of curative therapies conferred the highest survival
benefit and notable geographic and specialist variation was observed in the delivery of active
treatment. Future studies should further evaluate modifiable health system and provider-
specific barriers to delivering high-quality, multidisciplinary care in HCC to optimize patient
outcomes.
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EDITOR’S NOTES
BACKGROUND AND CONTEXT

Liver cancer is on the rise in the United States and treatment options are complex. How
patient access to any particular type of specialist or multidisciplinary tumor boards
impacts treatment choice and outcomes has not been well studied.

NEW FINDINGS

Liver cancer care is highly variable across the country, but overall curative treatment
options are underutilized. Involvement by a liver disease specialist (hepatologist) with
liver cancer treatment decision-making, involvement by cancer specialists (oncologists)
and surgeons, and having a case presented at a multidisciplinary board all have varying
impact on patient survival.

LIMITATIONS

The study only evaluated outcomes among patients receiving care within the Veterans
Administration. Patients were mostly male and some patients received dual care in the
community that could not be effectively captured.

IMPACT

This is the largest US-based cohort for whom Barcelona Clinic Liver Cancer stage-
specific outcomes have been described, identifying certain processes of care that are
associated with improved liver cancer outcomes that should be tested prospectively.
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Figure 1.
First HCC-directed therapy received. Percentage of veterans receiving hepatic resection,

liver transplantation, ablative therapies (radio-frequency, microwave, or cryo-ablation),
transarterial therapies (bland, chemo- or radio-embolization), hospice care, and no active
therapy as first intervention stratified by BCLC stage.
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Figure 3.

Correlation between receipt of active HCC therapy and overall survival at the regional level.
Spearman correlation of the proportion of patients receiving active HCC therapy (defined as
resection, transplantation, ablation, transarterial therapy, or sorafenib) (“Proportion treated”)
and median overall survival (OS) in months grouped by Veterans Integrated Service
Network region. The diameter of each circle is proportional to the number of HCC cases in

each Veterans Integrated Service Network.
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Table 1

Baseline Demographics and Clinical Characteristics of the Study Sample at the Time of HCC Diagnosis

Total, n (%)

Demographic and clinical characteristics N = 3988
Age at diagnosis, mean (SD) 62 (8.0)
Male 3960 (99)
Race
White 2154 (54)
Black 924 (23)
Hispanic 371 (9.4)
Asian/Alaskan Native/Hawaii/Pacific Islander 85 (2.1)
Unknown 454 (11)
Baseline cirrhosis 3273 (82)

Etiology of liver disease?

HCV and alcohol 1553 (39)
HCV 894 (22)
Alcohol 544 (14)
HCV & HBYV co-infection 205 (5.1)
HBV 128 (3.2)
NASH 144 (3.6)
Other/unknown 520 (13)
HIV co-infection 94 (2.4)
MELD score, median (/QR)] 10 [7-13]
ECOG performance status
0-2 3753 (94)
3-4 235 (5.9)
Barcelona liver clinic staging
0 228 (5.8)
A 1191 (30)
B 1263 (32)
c 695 (17)
D 576 (14)
Unknown 35(0.9)
Total tumor diameter
<5cm 1663 (42)
>5cm 994 (25)
Infiltrative disease (not quantified) 371(9.3)
Not reported 960 (24)
Maximum tumor size
<5cm 2345 (61)
>5c¢m 1166 (29)
Infiltrative disease (not quantified) 363 (9.1)
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Total, n (%)

Demographic and clinical characteristics N = 3988

Not reported 24 (0.6)
Number of lesions, median (/QR) 2[1,4]
Within Milan criteria 1419 (36)
Baseline AFP =200 ng/me 1343 (34)
Macrovascular invasion 698 (17.5)
Metastatic disease 288 (7.2)

Page 20

AFP, alpha fetoprotein; CTP, Child-Turcotte-Pugh class; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; IQR,

interquartile range; SD, standard deviation.

a,. . . Lo .
Etiology of liver disease categories is not mutually exclusive.

bData missing for n = 68.
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Patient Geographic, VA Facility and Provider Process of Care Characteristics of the HCC Cohort

Total, n (%)

Patient geographic factors N = 3988
Rurality

Urban 3438 (86)

Non-urban = 20,000 pop. 211 (5.3)

Non-urban 2,500-19,999 pop. 284 (7.1)

Completely rural < 2,500 pop. 52 (1.3)
Patient distance to VAMC

0-74 miles 1936 (50)

75-215 miles 968 (25)

>215 miles 967 (25)
VA facility and provider factors

Region

Northeast (VISN 1-4) 534 (13)

Southeast (VISN 5-8) 930 (23)

Midsouth (VISN 9, 15-17) 922 (23)

Central (VISN 10-13) 619 (16)

West (VISN 18-22) 982 (25)
Academic center affiliation 2750 (69)
Distance >500 miles to VATC 2018 (51)
Specialist seen < 30 days of diagnosis?

Medical oncology 1835 (46)

Gastroenterology 1767 (44)

Hepatology 1685 (42)

Palliative care 743 (19)

Surgery 773 (19)

No specialist 96 (2.4)
Evaluation by =1 specialist 2155 (54)
Multidisciplinary tumor conference 1366 (34)
Year of diagnosis

2008 1063 (26.7)

2009 1396 (35.0)

2010 1529 (38.3)

Table 2

Page 21

pop., population; VA, Veterans Affairs; VAMC, VA medical center; VATC, VA transplant center; VISN, Veterans Integrated Service Network.

a o . -
Comparator for each specialist is absence of evaluation by that specialist.
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Table 3

Factors Associated With Receiving Active HCC Therapy? in Multivariable Analysis (N = 3988)

Adjusted
OR 95% ClI P value

Patient demographic and clinical characteristics

Age at diagnosis (per 10-year increase) 0.77 0.68-0.86  <.001
Charlson-Deyo comorbidity index .040
0-2 1.00 REF
2 23 1.24 1.01-1.52
MELD score (per 1-point increase) 093 0.92-096 <.001
Child-Turcotte-Pugh class > B 0.67 0.54-0.83 .001
ECOG performance status <.001
0-2 1.00 REF
3-4 0.40 0.27-0.56
Baseline AFP 2200 ng/mL 0.80 0.66-0.97 .024
Metastatic disease 0.71  0.51-0.99 .048
Macrovascular invasion 0.60 0.47-0.77  <.001
Within Milan criteria 142 1.13-1.79 .003

Patient geographic factors

Rurality 137
Urban 1.00 REF
Non-urban =20,000 141 0.92-2.15
Non-urban (2,500-19,999) Completely rural (<2,500) 0.84 0.62-1.15

Patient distance to VA Medical Center 337
0-74 miles 1.00 REF
75-215 miles 0.85 0.69-1.08
>215 miles 091 0.70-1.09

VA facility factors

Region .032
Northeast (VISN 1-4) 1.00 REF
Southeast (VISN 5-8) 0.85 0.61-1.18
Midsouth (VISN 9, 15-17) 0.62 0.44-0.85
Central (VISN 10-13) 0.80 0.56-1.15
West (VISN 18-22) 0.81 0.59-1.13

Academic center affiliation (%) 197 160-2.41 <.001

Provider factors

Specialist seen within 30 days of diagnosis, n (%)2

Hepatology 1.20 0.91-1.57 .202
Medical oncology 256 1.96-3.35 <001
Surgery 167 1.22-2.28 .001
Gastroenterology 056 043-0.72 <.001
Palliative care 0.24 0.18-0.31 <.001
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Adjusted
OR 95% ClI P value

No specialist 0.56 0.29-1.08 .083
Evaluation by =1 specialist 160 1.15-2.21 .005
Multidisciplinary tumor board, n (%) 119 0.98-1.46 101

AFP, alpha fetoprotein; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; MELD, model for end stage liver disease; OR, odds
ratio; VISN, Veterans Integrated Service Network.

a. . . ) . . . . . . .
Active HCC therapy is defined as receipt of any of the following during the course of follow-up: liver transplantation, resection, ablative/
transarterial therapy, sorafenib.

Comparator for each specialist is absence of evaluation by that specialist. Year of diagnosis was evaluated as a covariate, was non-significant, and
is not included in the model.
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