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ABSTRACT

Background and objectives: To assess the impact of academic setting and hospital on overall survival in patient
with hepatocellular carcinoma (HCC).

Methods: The 2004-2015 NCDB was queried for HCC. First line treatment was stratified as liver transplant,
surgical resection, interventional oncology (I0) and chemotherapy. Hospital volume was stratified as high
(ranking among top 10% in case numbers) and low volume. Overall survival was assessed via multivariable Cox
regressions.

Results: 63,877 patients treated at 1261 hospital systems were included (transplant n = 10,596, surgical resection
n=11,132, I0 n=12,286, chemotherapy n=29,863; academic centers n =226, non-academic n=1035).
Younger African American patients with private insurance, high income and education were more likely treated
at academic centers. US geographical discrepancies were evident, with highest academic center treatment rates
in New England states (83.6%) and lowest in South Atlantic states (48.6%). Overall survival was superior for
academic versus non-academic centers (HR = 0.89, 95% CI: 0.87-0.91, p < 0.001) and high versus low volume
centers (HR =0.79, 95% CI: 0.77-0.81, p < 0.001), after multivariable adjustment for potential confounders.
These effects were evident among all HCC treatment modalities.

Conclusions: HCC treatment in academic centers shows distinct patterns according to patient demographics and
US geography. Longest patient survival is observed in high-volume academic centers.

1. Introduction

invasion [10-12]. Recent studies, however, have focused on the impact
of hospital volume and facility type on HCC outcomes, reporting

Hepatocellular carcinoma (HCC) is the most frequent hepatic ma-
lignancy and ranks second in cancer-related mortality worldwide [1,2].
In the United States, HCC incidence has seen relevant increases from
annually 1.6/100,000 in 1975 to 6/100,000 in 2010 [3,4]. In general,
HCC carries a poor prognosis with 5-year overall survival rates reported
as low as 11-30% [5-8]. Still, in well selected patients undergoing he-
patic resection or transplant, 5-year survival rates as high as 74% have
been described [9].

Several clinicopathologic prognostic factors that influence HCC
survival include cancer size, cancer stage, Child-Pugh score and vascular

controversial results. While a meta-analysis by Richardson et al. showed
an inverse correlation between hospital volume and in-hospital mor-
tality of HCC patients undergoing curative intent hepatic surgery, Epp-
steiner et al. and Lin and Lin reported that only surgeons’ experience
remained as an independent predictor of in-hospital mortality [13-15].
Taking facility type into account, Hyder et al. reported improved sur-
vival for HCC patients treated with complex hepatopancreaticobiliary
surgery at teaching hospitals [16].

The current literature tends to focus on specific surgical procedures,
not taking into account interventional oncology and systemic therapy,
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alive
dead

23,817 (37.3%)
40,060 (62.7%)

13,806 (41.1%)
19,800 (58.9%)

2739 (38.1%)
4459 (61.9%)

Table 1
Baseline characteristics of included patients.
Total No. high volume academic high volume non-academic low volume academic low volume non-academic P-value
63,877 center No. 33,606 center No. 7198 center No. 8548 center No. 14,525

age 46.8 (£9.9) 45.8 (£9.3) 46.3 (£9.4) 46.2 (+£10.0) 49.8 (+10.6) <0.0001

Gender 0.14
female 15,517 (24.3%) 8160 (24.3%) 1776 (24.7%) 1999 (23.4%) 3582 (24.7%)
male 48,360 (75.7%) 25,446 (75.7%) 5422 (75.3%) 6549 (76.6%) 10,943 (75.3%)

Race <0.0001
african american 8892 (13.9%) 4650 (13.8%) 904 (12.6%) 1445 (16.9%) 1893 (13.0%)
white 47,304 (74.1%) 24,553 (73.1%) 5312 (73.8%) 6164 (72.1%) 11,275 (77.6%)
others 7681 (12.0%) 4403 (13.1%) 982 (13.6%) 939 (11.0%) 1357 (9.3%)

comorbidities [Charlson Comorbidity Index] <0.0001
0 29,022 (45.4%) 15,319 (45.6%) 3097 (43.0%) 3656 (42.8%) 6950 (47.8%)
1 18,583 (29.1%) 9669 (28.8%) 2165 (30.1%) 2570 (30.1%) 4179 (28.8%)
2 7290 (11.4%) 3817 (11.4%) 797 (11.1%) 1039 (12.2%) 1637 (11.3%)
3 8982 (14.1%) 4801 (14.3%) 1139 (15.8%) 1283 (15.0%) 1759 (12.1%)

tumor grade <0.0001
Grade I 10,441 (16.3%) 4748 (14.1%) 1001 (13.9%) 1768 (20.7%) 2924 (20.1%)
Grade I 14,787 (23.1%) 7232 (21.5%) 1552 (21.6%) 2367 (27.7%) 3636 (25.0%)
Grade II1 5445 (8.5%) 2446 (7.3%) 531 (7.4%) 811 (9.5%) 1657 (11.4%)
Grade IV 532 (0.8%) 373 (1.1%) 30 (0.4%) 37 (0.4%) 92 (0.6%)
Grade unknown 32,672 (51.1%) 18,807 (56.0%) 4084 (56.7%) 3565 (41.7%) 6216 (42.8%)

tumor stage <0.0001
Stage I 24,655 (38.6%) 13,433 (40.0%) 3061 (42.5%) 3469 (40.6%) 4692 (32.3%)
Stage II 16,318 (25.5%) 9557 (28.4%) 1931 (26.8%) 2276 (26.6%) 2554 (17.6%)
Stage III 11,695 (18.3%) 5649 (16.8%) 1215 (16.9%) 1371 (16.0%) 3460 (23.8%)
Stage IV 5547 (8.7%) 2112 (6.3%) 446 (6.2%) 647 (7.6%) 2342 (16.1%)
Stage unknown 5662 (8.9%) 2855 (8.5%) 545 (7.6%) 785 (9.2%) 1477 (10.2%)

treatment modality <0.0001
chemotherapy 29,863 (46.8%) 15,581 (46.4%) 3629 (50.4%) 2366 (27.7%) 8287 (57.1%)
interventional 12,286 (19.2%) 6824 (20.3%) 1289 (17.9%) 1550 (18.1%) 2623 (18.1%)
oncology
surgical resection 11,132 (17.4%) 5498 (16.4%) 1087 (15.1%) 1781 (20.8%) 2766 (19.0%)
transplant 10,596 (16.6%) 5703 (17.0%) 1193 (16.6%) 2851 (33.4%) 849 (5.8%)

30d unplanned hospital readmission <0.0001
no unplanned 62,068 (97.2%) 32,643 (97.1%) 7005 (97.3%) 8201 (95.9%) 14,219 (97.9%)
readmission
unplanned 1809 (2.8%) 963 (2.9%) 193 (2.7%) 347 (4.1%) 306 (2.1%)
readmission

30d mortality <0.0001
alive 63,042 (98.7%) 33,277 (99.0%) 7112 (98.8%) 8344 (97.6%) 14,309 (98.5%)
dead 835 (1.3%) 329 (1.0%) 86 (1.2%) 204 (2.4%) 216 (1.5%)

90d mortality <0.0001
alive 62,423 (97.7%) 32,990 (98.2%) 7046 (97.9%) 8218 (96.1%) 14,169 (97.5%)
dead 1454 (2.3%) 616 (1.8%) 152 (2.1%) 330 (3.9%) 356 (2.5%)

overall survival <0.0001

3719 (43.5%)
4829 (56.5%)

3553 (24.5%)
10,972 (75.5%)

thereby lacking a generalizable conclusion encompassing all HCC
treatment approaches. We hypothesized that both hospital volume and
facility type influence survival in HCC patients undergoing hepatic
transplant, resection, interventional oncology procedures or
chemotherapy.

2. Material and methods

This study was approved by the Yale University Internal Review
Board and is Health Insurance Portability and Accountability Act
compliant. Written informed consent was not necessary due to anony-
mized reporting in the National Cancer Database (NCDB).

The United States based NCDB is jointly sponsored by the American
College of Surgeons and the American Cancer Society. It contains 34
million cancer records from over 1500 participating institutions and
covers approximately 70% of the annually diagnosed cancer cases in the
United States.

The NCDB was retrospectively searched for HCC diagnosed between
2004 and 2015. Only patients with HCC diagnosed via histopathology or
radiological imaging were included. Exclusion criteria were unknown
tumor size, age <18 years, unknown survival status and follow-up time.

Main comparators were academic versus non-academic institutions
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and high volume versus low volume centers. Primary outcome of in-
terest was overall survival, defined as time from cancer diagnosis to
death from any cause or censoring.

2.1. Variables

The NCDB classified contributing institutions as “academic” if they
participate in postgraduate medical education in at least 4 program
areas (including internal medicine and general surgery) and provided
the full range of diagnostic and treatment services on site or via referral.
For assessment of hospital volume, the absolute number of cases sub-
mitted to the NCDB was calculated and institutions were ranked in
ascending order. This was done separately for each treatment modal-
ities. Institutions ranked in the top 10% were considered “high volume”
centers and those ranked in the lower 90% “low volume centers”.

The NCBD provided information on first line HCC treatment only,
except for chemotherapy which was detailed in addition to any other
treatment. HCC treatment was stratified as hepatectomy with liver
transplant, surgical resection (including wedge resection, segmental
resection and lobectomy), interventional oncology (IO; local tissue
destruction and radioembolization) and chemotherapy (systemic
chemotherapy and transarterial chemoembolization). The NCDB did not
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Fig. 1. Number of submitted hepatocellular carcinoma cases stratified by facility type and treatment modality.
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Table 2
Details on number of performed treatments.

Interventional
oncology

Transplant  Surgical Chemotherapy

resection

Total number of 348 838 801 1232
centers

Mean case 30.6 13.5 15.4 24.4
numbers

Mean case 55.2 34.6 40.7 79.9
numbers in
academic/
research
programs

Mean case 10.7 6.25 6.6 11.9
numbers in
other facility
types

Cutoff for high 103 36
volume centers
(90%
percentile of
submitted
cases)

Number of high 36 88 82 124
volume centers

40 52.7

provide separate categories to distinguish systemic chemotherapy and
transarterial chemoembolization.

The American Joint Committee on Cancer 7th edition staging system
was used to stage HCC in the NCDB. The Charlson Deyo Comorbidity
Index (CCI) was used to measure comorbidities, stratified as CCI 0, CCI
1, CCI 2 and CCI > 3.

2.2. Statistical analyses

For descriptive statistics, continuous variables were given as median
with inter-quartile-range (IQR) and categorical variables as absolute
number and percent. Continuous variables were compared via Wilcoxon
rank sum tests and categorical variables using 2 tests.

Multivariable Cox proportional hazards models were used to assess
overall survival. Variables with p-values less than 0.1 were considered
for inclusion on multivariable models. To avoid overfitting, the final
parsimonious multivariable model only included variables with
p <0.05. The Kaplan-Meier method was used to visualize overall
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survival. For survival curve plotting of multivariable adjusted Cox
models, a conditional approach was chosen that weighted individual
strata based on individual patients’ probability of being in the respective
stratum given the variables in the multivariable Cox model.

All statistical analyses were performed via R version 3.4.3 and
RStudio version 1.1.414 [17,18]. An alpha-level of 0.05 was chosen to
indicate statistical significance. All p-values are two-sided.

3. Results
3.1. Patient cohort

A total of 63,877 patients fulfilled the inclusion criteria of which
10,596 received transplant (16.6%), 11,132 surgical resection (17.4%),
12,286 interventional oncology (19.2%) and 29,863 chemotherapy
(46.8%). A study flow chart is provided in Supplemental Fig. 1 and
patient characteristics are detailed in Table 1 and Supplemental Table 1.

3.2. Academic setting and hospital volume

A total of 1261 distinct institutions submitted HCC cases to the NCDB
between 2004 and 2015. Of these, 226 (17.9%) were academic/research
programs and 1035 (82.1%) other facility types, including comprehen-
sive cancer programs and community cancer programs. As shown in
Table 2, 1232 centers (97.7%) provided chemotherapy, 838 centers
provided surgical HCC resection (66.5%), 801 interventional oncology
(63.5%), and 349 hepatectomy with liver transplant (27.6%). A total of
293 centers (23.2%, 150 academic/research programs, 143 other facil-
ity types) provided all 4 treatment modalities.

Fig. 1 and Table 2 further detail that case numbers for each treatment
modality were larger in academic/research programs when compared to
other facility types (p < 0.001 for treatment via chemotherapy, surgical
resection, interventional oncology and transplant, respectively). High
volume centers (top 10%) were considered those performing at least 103
liver transplantations, 36 surgical resections, 40 interventional oncology
procedures or 52.7 chemotherapies.

As shown in Table 1, patients treated at academic centers were
younger and more often African Americans compared to non-academic
centers (p < 0.001, respectively). Similarly, patients with private in-
surance, high income and education were more often treated at aca-
demic centers. Higher HCC stage and grade were more frequent in low-
volume non-academic centers, which also administered chemotherapy

proportion of HCC patients
treated in academic centers

Bl «s.6%
[ 506%
[ Jeos%
EX
[ ess%
[ Jeso%
[ Jeo%

83.4%

.83.6%

Fig. 2. Proportion of HCC patients treated in academic centers by United States region.
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Table 3
Multivariable Cox proportional hazards model predicting overall survival.
predictor HR lower 95% upper 95% p value
ClI ClI
facility type
other facility type (reference)
academic/research program 0.891 0.869 0.912 <0.001
hospital volume
low volume (reference)
high volume 0.789 0.771 0.808 <0.001
treatment modality
chemotherapy (reference)
interventional oncology 0.717  0.698 0.737 <0.001
surgical resection 0.413  0.401 0.426 <0.001
transplant 0.207  0.199 0.215 <0.001
cancer stage
Stage I (reference)
Stage 11 1.317 1.281 1.353 <0.001
Stage III 1.959 1.902 2.018 <0.001
Stage IV 2.802 2.701 2.906 <0.001
Stage unknown 1.449 1.396 1.504 <0.001
tumor size [mm] 1.004 1.004 1.004 <0.001
age [years] 1.006 1.005 1.008 <0.001
sex
female (reference)
male 1.074  1.049 1.099 <0.001
comorbidities [Charlson Comorbidity Index]
0 (reference)
1 1.067 1.042 1.092 <0.001
2 1.128 1.092 1.165 <0.001
3 or more 1.267 1.228 1.307 <0.001
income
<$37.999
$38,000 - $47,999 1.004 0.975 1.034 0.777
$48,000 - $62,999 0.951  0.924 0.978 <0.001
$63,000 + 0.862  0.837 0.887 <0.001
insurance
private insurance (reference)
govt insurance 1.09 1.011 1.175 0.025
insurance unknown and no 1.131 1.081 1.182 <0.001
insurance
Medicaid 1.182 1.144 1.222 <0.001
Medicare 1171  1.141 1.202 <0.001
year of diagnosis [since 2004] 0.964  0.961 0.968 <0.001

more often than other institutions (p < 0.001, respectively). Surgical
resection was more often provided in low-volume centers, whereas liver
transplant was more common in academic centers.

Further, there were geographical discrepancies: as shown in Fig. 2,
the highest proportion of patients treated in academic centers was
observed in New England States (83.6%), and the lowest in South
Atlantic States (48.6%).

3.3. Survival analyses

Median follow-up was 58.2 months (IQR: 34.5-88.4 months).

On univariate survival analyses, academic/research programs
showed superior survival to other facility types (HR =0.64, 95% CI:
0.63-0.66, p < 0.001), and high volume centers superior survival to low
volume centers (HR = 0.72, 95% CI: 0.71-0.74, p < 0.001). These effects
were seen in univariate analyses across all treatment modalities, as
demonstrated in Supplemental Fig. 2.

Using multivariable Cox regression models, both academic setting
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and hospital volume were confirmed as independent survival predictors
(Table 3), although their influence was diminished compared to the
univariate analyses. Survival was superior for academic/research pro-
grams versus other facility types (HR=0.89, 95% CI: 0.87-0.91,
p < 0.001), and for high volume versus low volume centers (HR =0.79,
95% CI: 0.77-0.81, p < 0.001), after adjustment for cancer variables and
patient demographics. Fig. 3 details overall survival differences by ac-
ademic setting and hospital volume.

These discrepancies also proved independent from treatment mo-
dality, as shown in Fig. 4: for all treatment modalities, the influence of
academic setting and hospital volume on overall survival was evident.
Subgroup analyses demonstrated that our results were consistent across
all HCC stages and treatment modalities (Supplemental Figs. 3-6).

4. Discussion

Several recent HCC studies have focused on the impact of hospital
volume and type but reported controversial results and lacked long-term
follow-up [13-16]. Our study shows that improved long-term overall
survival in HCC independently correlated with high hospital volume and
academic setting, irrespective of the administered treatment and after
adjustment for potential confounders. Several potential mechanisms
may explain these findings. Physicians working in high volume facilities
might treat HCC more frequently and are thus more experienced.
Interestingly, the positive effect of this experience seems to extend
beyond surgical procedures, such as HCC resection or interventional
oncology, as the beneficial effect of high volume facilities was seen even
in patients treated with chemotherapy. Academic centers may further
provide well-coordinated HCC patient care in interdisciplinary teams
that positively affect clinical outcome. Optimal periprocedural man-
agement, follow-up schemes and management of HCC-associated
chronic liver disease may attribute to the superior outcomes in aca-
demic centers as well.

Our study further demonstrated that access to academic centers
varied considerably according to US region: while up to 83.6% of pa-
tients in New England states were treated in academic centers, access to
academic centers was lowest in South Atlantic states at 48.6%. In light of
our findings on superior survival seen in academic centers, healthcare
providers should be aware of these geographical discrepancies and their
potential effect on HCC outcomes.

Moreover, we showed that there is a certain patient selection ac-
cording to hospital volume and facility type: high-volume academic
centers tended to select younger patients with private insurance, high
income and education as well as lower HCC stage and grade as compared
to other institutions. There might be concerns that this patient selection
introduces biases to our results regarding superior HCC outcomes in
high volume academic centers - still, our findings proved independent
from potential confounders after statistical adjustment in multivariable
survival models. Due to missing data from the NCDB, we could however
not control for underlying liver disease or HCC etiology. Given the
overall low number of surgical resections performed by the majority of
included centers, there are also concerns about the surgical experience
in these centers, which in turn might affect HCC outcomes. Further,
treatment patterns observed in our study, i.e. the higher number of
surgical resections in low-volume centers, might be biased by patient
selection.

Our study’s findings on long-term HCC outcomes are supported by
several trials reporting low perioperative mortality in several surgical
fields, including lung and cardiac surgery, although most of the studies
only reported short term outcomes [19-21]. For patients undergoing
liver surgery, a recent meta-analysis reported a strong inverse correla-
tion between hospital volume and perioperative morbidity, although the
impact of facility types was not evaluated [13]. On the other hand,



J. Uhlig et al.

Survival rate

Surgical Oncology 31 (2019) 111-118

100

Time in months

== high volume academic center

strata

= high volume non-academic center

- low volume academic center
low volume non-academic center

Fig. 3. Kaplan Meier curve from a multivariable adjusted Cox model showing the independent influence of academic setting and hospital volume on overall survival

in HCC (p < 0.001).

Hyder et al. demonstrated that teaching hospital status was associated
with lower in-hospital mortality in patients undergoing hepatobiliary
surgery, although they did not account for hospital volume [16].
Interestingly, our study reports controversial results to a recent study by
Chapmann et al. evaluating both the influence of hospital volume as well
as facility type [22]. Using outdated NCDB data from 1998 to 2011, the
authors concluded that hospital volume rather than the facility type
affected overall survival in HCC patients. These discrepancies might be
attributable to different definitions of “high volume” centers and a
smaller patient cohort in the study be Chapmann et al. that could limit
statistical power.

Our study is not devoid of limitations, which are mostly inherent to
the NCBD as its datasource. First, our analyses were limited to variables
reported in the NCDB and thereby lacked information on hepatic
cirrhosis and portal hypertension, as well as disease recurrence,
chemotherapeutic agents, repetitive treatments and patients’ clinical
performance. Our findings might be biased if high volume and academic
centers tended to select healthier patients, although our results’ repro-
ducibility across all treatment strata and independency from comor-
bidities makes this less probable. Further, the NCDB does not provide
details on specific chemotherapy approaches, which might be imbal-
anced across hospital settings and thus bias our results. Furthermore,
each hospital system was assessed at the time of first NCDB participation
and thus changes in facility type might not be covered. Finally, due to
the blinded data provided by the NCDB, we were unable to further
evaluate “academic centers” based on multi-disciplinary tumor board
meetings or their HCC research output.
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5. Conclusion

HCC treatment in academic centers shows distinct patterns according
to patient demographics and US geography. Among all treatment mo-
dalities, both academic setting and hospital volume seem to indepen-
dently affected HCC outcomes, with highest patient survival observed in
high-volume academic centers, although residual confounding by
cirrhosis and liver function might have biased our results. Given these
results, HCC patients should preferably be treated at high-volume aca-
demic centers.
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