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Multidisciplinary Management of Hepatocellular Carcinoma
Improves Access to Therapy and Patient Survival
Parul D. Agarwal, MD,* Paulina Phillips, MD,* Luke Hillman, MD,w
Michael R. Lucey, MD,* Fred Lee, MD,z Josh D. Mezrich, MD,y
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Background: Given the complexity of managing hepatocellular
carcinoma (HCC), it is widely accepted that a multidisciplinary
team approach (tumor boards) oﬀers the best approach to individualize therapy. The aim of this study was to determine utilization of therapies and outcomes for patients with HCC, comparing those managed through our multidisciplinary tumor board
(MDTB) to those who were not.
Methods: A database analysis of all patients with HCC managed
through our MDTB, from 2007 until 2011, was performed. A
database of all patients with HCC from 2002 to 2011, not managed
through MDTB, was similarly created.
Results: A total of 306 patients with HCC, from 2007 to 2011 were
managed through our MDTB, in comparison with 349 patients,
from 2002 to 2011 who were not. There were no signiﬁcant differences in baseline demographic data or model for end-stage liver
disease at presentation. Patients managed through MDTB were
more likely to present at an earlier tumor stage and with lower
serum alpha fetoprotein (AFP) (P = 0.007). The odds of receiving
any treatment for HCC was higher in patients managed through
MDTB (odds ratio, 2.80; 95% conﬁdence interval, 1.71-4.59;
P < 0.0001) independent of model for end-stage liver disease score,
serum AFP, and tumor stage. There was signiﬁcantly greater survival of patients managed through MDTB (19.1 ± 2.5 vs.
7.6 ± 0.9 mo, P < 0.0001). Independent predictors for improved
survival included management through MDTB, receipt of any
HCC treatment, lower serum AFP, receipt of liver transplant, and
T2 tumor stage.
Conclusions: Patients with HCC managed through a MDTB had
signiﬁcantly higher rates of receipt of therapy and improved survival compared with those who were not.
Key Words: tumor board, hepatocellular carcinoma, multidisciplinary

(J Clin Gastroenterol 2017;51:845–849)

Received for publication August 4, 2016; accepted January 23, 2017.
From the Departments of *Medicine, Division of Gastroenterology &
Hepatology; ySurgery, Division of Transplantation; zRadiology,
Section of Abdominal Imaging and Intervention, University of
Wisconsin School of Medicine and Public Health, Madison, WI;
and wDepartment of Medicine, Northwestern University Feinberg
School of Medicine, Chicago, IL.
P.D.A.: study concept and design, interpretation of data, drafting and
revising manuscript. P.P.: data acquisition. L.H.: data acquisition.
M.R.L., J.D.M., and F.L.: manuscript revision. A.S.: study concept
and design, analysis and interpretation of data, manuscript revision.
The authors declare that they have nothing to disclose.
Address correspondence to: Parul D. Agarwal, MD, University of
Wisconsin School of Medicine and Public Health, 1685 Highland
Avenue, Madison, WI 53705
(e-mail: pagarwal@medicine.wisc.edu).
Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved.
DOI: 10.1097/MCG.0000000000000825

J Clin Gastroenterol



Volume 51, Number 9, October 2017

BACKGROUND
Hepatocellular carcinoma (HCC) is a major global
health problem, and the third leading cause of cancerrelated mortality worldwide. The incidence of HCC in the
United States has tripled during the past 20 years, largely
attributed to hepatitis C viral infection acquired decades
prior.1 HCC is a complex disease, which occurs in the
background of chronic liver disease. Its management
therefore must simultaneously address challenges related to
both tumor burden and underlying liver dysfunction. Up
until recently, HCC was universally fatal, with a 5-year
survival <10%.2 The past 15 years, however, have witnessed signiﬁcant advances in the management of HCC,
which is now potentially curable, if detected early.2 Liver
resection, ablation, and liver transplantation are potentially
curative treatments, with 5-year survival up to 70%. Intraarterial therapy, such as transarterial chemoembolization,
and systemic chemotherapy, with Sorafenib, have both
been shown to prolong survival in patients with advanced
HCC.3–5 Given the complexity of managing HCC, as well
as the plethora of potential treatment options available, it is
widely accepted that a multidisciplinary team approach (or
tumor boards), which includes hepatologists, oncologists,
radiologists, surgeons, and pathologists, be utilized for the
optimal management of patients with HCC.6–8 This
approach has been successfully utilized in the management
of other cancers, for which the adoption of a team
approach or “tumor board” has become commonplace.6
However, it is estimated that less than half of physicians in
the United States adopt this approach for evaluation and
management of HCC, and patient utilization of potential
therapies for HCC continues to remain suboptimal.9 To
date, a few studies have been published on the eﬀect of this
multidisciplinary paradigm on therapy utilization and
outcomes in patients with HCC.10,11 The aim of this retrospective study was to compare, in a single tertiary care
center, the utilization of potential therapies and outcomes
for patients with HCC who were managed through the
multidisciplinary tumor board (MDTB) to a partially
contemporaneous cohort who were not.

METHODS
An institutional MDTB was organized for patients
with primary liver tumors in June 2007. The decision of
whether a patient was discussed at our tumor board was at
the discretion of the referring provider for the patient, and
therefore subject to the provider’s referring practices, based
on their area of specialty, location of their practice, prior
experience with patients with HCC, and knowledge of the
tumor board. Individual cases with their corresponding
imaging studies were reviewed at a weekly conference
www.jcge.com |
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attended by transplant hepatologists, medical oncologists,
hepatobiliary and transplant surgeons, pathologists, diagnostic, and interventional radiologists. The gamut of
potential therapies oﬀered includes surgical resection, liver
transplantation, thermal ablation, intra-arterial therapies
such as chemoembolization and/or radioembolization, systemic chemotherapy, stereotactic radiation, and comfortbased care. Decisions regarding the appropriate treatment
modality were made based on patient factors, review of their
cross-sectional imaging studies and/or histopathology, in
context of their underlying liver dysfunction. The tumor
board discussion was summarized in meeting minutes as
well as tumor board encounters recorded in each patient’s
medical chart.
Although patients with benign tumors are presented at
MDTB, only patients with a diagnosis of HCC are included
in this study. The diagnosis of HCC was made based on the
presence of accepted radiologic criteria12–14 on dynamic
imaging (computed tomography or magnetic resonance
imaging) and/or histopathologic ﬁndings. A database
analysis of all patients with HCC managed through our
MDTB, since its inception up to December 31, 2011, with
follow-up until May 31, 2013 was performed. Data for
analysis included demographics, laboratory parameters at
time of diagnosis and treatment, imaging ﬁndings, histopathology and/or surgical pathology, treatment rendered
and follow-up information. For comparison, a database of
all patients with a diagnosis of HCC managed at our
institution in the model for end-stage liver disease (MELD)
era (from February 2002 to December 31, 2011), as identiﬁed by International Classiﬁcation of Diseases 9 code
(155.0), but not managed through the MDTB, was similarly
created and reviewed. The outcomes measured in this study
include receipt of any therapy and patient survival. Outcomes were evaluated until May 31, 2013.
The Health Sciences Institutional Review Board of the
University of Wisconsin School of Medicine and Public
Health approved this study.

Statistical Analysis
Univariate analysis was performed comparing the
HCC patients managed through MDTB with the HCC
patients managed without MDTB. For categorical variables, w2 or the Fisher exact test were utilized and for continuous variables the Student t test was utilized.
Survival analysis was performed with Kaplan-Meier
statistics and multivariable Cox Proportional hazards
models were used to compare survival between the
MDTB and the non-MDTB groups censoring for liver
transplantation.
Two-tailed P-value of <0.05 were considered statistically signiﬁcant.

RESULTS
From 2007 to 2011, a total of 306 patients with HCC
were managed through the MDTB. In comparison, 349
patients were not managed through the MDTB (from 2002
to 2011), including 60 patients managed outside the conﬁnes of the MDTB in the interval from 2007 to 2011 when
the MDTB was available in our center. Baseline demographic and tumor characteristics are shown in Tables 1
and 2, respectively. There were no signiﬁcant diﬀerences in
the baseline demographic data including age, sex, and
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TABLE 1. Baseline Demographic Data

Variables
Age at presentation
(mean ± SD) (y)
Sex (M:F)
Presence of cirrhosis
Presence of chronic
viral hepatitis
Total bilirubin at
presentation
MELD score at
presentation

MDTB
(N = 306)
(%)

Non-MDTB
(N = 349) (%)

P

61 ± 9.4

62 ± 11.9

0.22

254:52
283 (92)
168 (55)

272:77
283 (73)
161 (46)

0.13
0.0005
0.03

2.2 ± 3.9

2.1 ± 2.6

0.67

12 ± 5.6

12.3 ± 5.7

0.61

F indicates female; M, male; MDTB, multidisciplinary tumor board;
MELD, model for end-stage liver disease.

MELD score at presentation between the 2 groups
(Table 1).
The patients in the MDTB cohort had less advanced
HCC than the patients in the non-MDTB group, with more
patients with T2 tumor stage, lower serum alpha fetoprotein (AFP) levels, and fewer patients with multifocal or
extrahepatic disease (Table 2).
The rate of treatment was higher among the MDTB
patients (75%) than in the non–MDTB-managed patients
(61%), with an odds ratio in favor of treatment in the
MDTB group of 2.80 (95% conﬁdence interval, 1.71-4.59;
P < 0.0001), which was independent of MELD score,
serum AFP, total bilirubin and tumor stage (Table 3).
Comparison in the forms of treatment utilized in the 2
cohorts showed a shift in the MDTB cohort, compared
with the non-MDTB group, to more use of thermal ablation (37% vs. 13%). Although rates of chemoembolization
were similar in the 2 groups (21% vs. 17%), the utilization
of radioembolization (15% vs. 2%) as well as combined
multimodal treatment, which represents combination
of locoregional therapies including ablation, chemoembolization or radioembolization, were higher in the
MDTB group (12% vs. 2%). Patients referred to the
MDTB were also more likely to receive liver transplantation (24% vs. 14%). There was a small shift away
from primary surgical resection in the MDTB group,
although the proportion of patients receiving surgery was
small in both groups (10% vs. 16%). The rates of systemic

TABLE 2. Baseline Hepatocellular Carcinoma Characteristics

Variables
Serum AFP
(median) (ng/mL)
No. patients with T2
tumor stage
Multifocal disease
Extra-hepatic
disease

MDTB
(N = 306)
(%)

Non-MDTB
(N = 349) (%)

23.4

79.3

147 (48)

90 (26)

< 0.0001

78 (26)
33 (11)

123 (35)
97 (28)

0.008
< 0.0001

P
0.009

MDTB indicates multidisciplinary tumor board.

846 | www.jcge.com
Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved.
Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved.

J Clin Gastroenterol



Volume 51, Number 9, October 2017

TABLE 3. Hepatocellular Carcinoma Treatment Data

Variables
Any treatment
Radiofrequency
ablation
Chemoembolization
Radioembolization
Multimodality
locoregional
therapy
Resection
Systemic
chemotherapy
Liver transplantation

TABLE 4. Multivariate Survival Analysis (From Presentation)

MDTB
(N = 306)
(%)

Non-MDTB
(N = 349)
(%)

P

228 (75)
114 (37)

212 (61)
47 (13)

0.0001
< 0.0001

63 (21)
47 (15)
38 (12)

59 (17)
6 (2)
8 (2)

0.16
< 0.0001
0.004

32 (10)
33 (11)

57 (16)
57 (16)

0.02
0.11

72 (24)

48 (14)

0.0001

Variables*

MDTB indicates multidisciplinary tumor board.

chemotherapy in both groups were similar (11% vs. 16%);
various chemotherapy regimens were reportedly used;
however, the rates of Sorafenib use among the 2 cohorts
were similar (data not shown).
In a univariate analysis, patients managed through
MDTB had an overall greater survival (19.1 ± 2.5 mo)
compared with those managed without MDTB (7.6 ±
0.9 mo) with P < 0.0001 (Fig. 1).
In multivariable survival analysis, independent predictors of improved survival include receipt of any HCC
treatment, utilization of MDTB, receipt of liver transplantation, lower serum AFP at presentation and T2 tumor
stage (Table 4). Utilization of MDTB remained an independent predictor of improved survival in multivariable
analysis even after stratifying patients in the cohorts based
on their tumor stage at presentation (Tables 5, 6).

DISCUSSION
The management of HCC is complex because the vast
majority of HCC occurs in the background of chronic liver
disease and treatment needs to be individualized, addressing
the dual challenges posed by the underlying liver dysfunction
and tumor burden. For these reasons, and multimodal therapies now available to treat HCC, it is widely recommended
that patients with HCC should have their care directed

FIGURE 1. Kaplan-Meier survival analysis (unadjusted) of MDTB
and non-MDTB cohorts. MDTB indicates multidisciplinary tumor
board.
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Sex
Age
Presence of cirrhosis
MELD score at presentation
AFP at presentation
T2 stage
HCC-speciﬁc treatment
Tumor board
Ablation
TACE
Radioembolization
Liver transplantation
Systemic chemotherapy

Hazard Ratio
for Mortality

95% CI

P

0.902
1.0
0.652
1.061
1.000
0.626
0.281
0.722
1.022
0.926
1.178
0.109
1.231

0.647-1.257
0.989-1.012
1.036-2.635
1.030-1.094
1.000-1.000
0.426-0.919
0.191-0.415
0.551-0.946
0.739-1.413
0.664-1.290
0.761-1.826
0.066-0.181
0.833-1.819

0.543
0.942
0.035
0.0001
0.014
0.017
0.0001
0.018
0.895
0.649
0.462
0.0001
0.297

*Additional variables controlled for in multivariate analysis include
number of nodules, bilobar involvement, multifocal disease, vascular
involvement, extrahepatic disease and total bilirubin level at presentation.
CI indicates conﬁdence interval; HCC, hepatocellular carcinoma;
MELD, model for end-stage liver disease; TACE, transarterial
chemoembolization.

through a MDTB.6–8 A typical MDTB comprises of transplant hepatologists, oncologists, hepatobiliary and/or transplant surgeons, interventional radiologists and pathologists.
However, despite the widespread consensus on the appropriateness of MDTBs, there have been few studies examining
patient outcomes using this MDTB paradigm. A retrospective
study of 121 patients with HCC who were evaluated by an
MDTB at a Veterans Aﬀairs Medical Center between
November 2003 and November 2006, and compared with a
historical cohort reported improved uptake of both palliative
and curative treatments, and prolonged survival, in the
patients managed through a MDTB.10 In another single center
in the United States, a retrospective review of management of
167 patients with HCC found that the 97 (58%) who were
presented to a tumor board were more likely to receive treatment with ablation, resection or liver transplantation, and were
less likely to develop tumor progression or metastasis.11 In
multivariate analysis, presentation to the tumor board was
independently associated with better survival.
In our study, we present outcomes of a large cohort of
patients with HCC managed through our MDTB from
2007 to 2011, comparing them to outcomes of patients with
HCC who were not managed through a MDTB at our
institution. We have expanded this comparison cohort by
including patients evaluated in the interval from the
adoption of the MELD score to prioritize patients with
HCC on the liver transplant waiting list (ie, 2002) until
2007. Thus, we had 2 groups of roughly the same size.
There are no signiﬁcant diﬀerences in the baseline demographic data among the 2 groups (Table 1). Patients managed through the MDTB were more likely to be diagnosed
at an earlier tumor stage, have lower serum AFP, and were
less likely to have multifocal or extrahepatic disease at time
of presentation (Table 2). These diﬀerences are likely in
part due to improved screening of at-risk patients with
earlier recognition of HCC and heightened awareness
among clinicians of the value of referral to the MDTB.
There may also have been selection biases after the institution of the MDTB, which are diﬃcult to gauge, such as
the frequent shifts during the study interval in allocation of

2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Multivariate Survival Analysis of HCC T1 or T2 Stage
(From Presentation)

Variables*
Sex
Age
Presence of cirrhosis
MELD score at presentation
AFP at presentation
HCC speciﬁc treatment
Tumor board
Ablation
Resection
Liver transplantation

Hazard Ratio
for Mortality

95% CI

P

1.17
1.0
2.156
1.024
1.000
0.247
0.58
1.44
0.52
0.095

0.693-1.976
0.989-1.012
0.727-6.396
0.963-1.088
1.000-1.000
0.098-0.627
0.367-0.918
0.743-2.791
0.229-1.184
0.047-0.193

0.558
0.201
0.166
0.452
0.002
0.003
0.02
0.28
0.119
0.0001

*Additional variables controlled for in multivariate analysis include
number of nodules, bilobar involvement, multifocal disease, vascular
involvement, extrahepatic disease and total bilirubin level at presentation.
CI indicates conﬁdence interval; HCC, hepatocellular carcinoma;
MELD, model for end-stage liver disease.

MELD exception points to patients with HCC on the
waiting list, or changing physician attitudes to futility of
treating HCC in patients with advanced disease.
While recognizing the potential for hidden diﬀerences
in the 2 cohorts, we believe that it is notable that the odds
of receiving any HCC-speciﬁc therapy was higher in
patients managed through the MDTB, irrespective of
MELD score, total bilirubin, serum AFP, and most
importantly tumor stage. Moreover, more patients received
curative or palliative treatments, and many (12% vs. 2%)
patients went on to receive >1 modality of treatment.
In our study, the survival outcome in patients referred
to the MDTB was signiﬁcantly improved overall even after
correction for tumor stage at presentation (Tables 4–6).
Undoubtedly, this result is open to biases. The favorable
result in the MDTB cohort may be due in part to lead-time
bias. Moreover, as we are comparing the MDTB cohort
with historical controls, the data may be inﬂuenced by
improvements in the delivery and eﬃcacy of treatment
modalities over time, which in turn, may have inﬂuenced
the improved survival of patients. Despite this limitation,
TABLE 6. Multivariate Survival Analysis of HCC T3 Stage or
Beyond (From Presentation)

Variables*
Sex
Age
Presence of cirrhosis
MELD score at presentation
AFP at presentation
HCC speciﬁc treatment
Tumor board
Ablation
Resection
Liver transplantation

Hazard Ratio
for Mortality

95% CI

P

0.82
1.0
1.05
1.088
1.000
0.351
0.716
0.679
0.412
0.102

0.57-1.19
0.99-1.015
0.71- 1.54
1.062-1.115
1.000-1.000
0.259-0.476
0.551-0.931
0.438-1.053
0.257-0.659
0.048-0.218

0.82
0.70
0.82
0.0001
0.47
0.0001
0.012
0.084
0.0001
0.0001

*Additional variables controlled for in multivariate analysis include
number of nodules, bilobar involvement, multifocal disease, vascular
involvement, extrahepatic disease and total bilirubin level at presentation.
CI indicates conﬁdence interval; HCC, hepatocellular carcinoma;
MELD, model for end-stage liver disease.
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there were similar treatments oﬀered for HCC, including
liver transplantation, between these 2 eras. Taken together
with 2 smaller studies referenced above, we believe the
cumulative data supports the contention that concerted,
multimodality therapy for HCC improves patient survival.
It is increasingly recognized that poor communication
between specialists and generalists hampers the provision of
good care to patients with complex liver disease, and
that these patients need coordinated multidisciplinary
approaches to management.15 A MDTB facilitates multimodal treatment for these complex patients with HCC by
enabling improved communication among the matrix of
professionals involved in the care of these patients, and
patient follow-up. At a very practical level, it saves the
patient the cost, time and anxiety of having to attend serial
clinics and successive new specialists in the pursuit of a
clinical plan, with potential for duplication of investigations
and delayed or contradictory therapy. As shown in our
study, the MDTB enables more patients to receive treatment, who in the past were likely to go untreated.
In summary, HCC remains a challenging clinical
problem, with rising incidence in many areas, including the
United States. Our study shows that a multidisciplinary
approach to coordinate, individualize and optimize care for
these complex patients improves rate of treatment utilization, including both curative and palliative therapies for
HCC, and improves patient survival. Future prospective
studies are needed to further study how to improve outcomes of patients with HCC.

REFERENCES
1. El-Serag HB, Marrero JA, Rudolph L, et al. Diagnosis and
treatment of hepatocellular carcinoma. Gastroenterology.
2008;134:1752–1763.
2. Kim WR, Gores GJ, Benson JT, et al. Mortality and hospital
utilization for hepatocellular carcinoma in the United States.
Gastroenterology. 2005;129:486–493.
3. Llovet JM, Bruix J. Systematic review of randomized trials for
unresectable hepatocellular carcinoma: chemoembolization
improves survival. Hepatology. 2003;37:429–442.
4. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced
hepatotocellular carcinoma. N Engl J Med. 2008;359:378–390.
5. Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology. 2011;53:1020–1022.
6. Taylor C, Munro AJ, Glynne-Jones R, et al. Multidisciplinary
team working in cancer: what is the evidence? BMJ.
2010;340:743–745.
7. Gish RG, Lencioni R, Di Bisceglie AM, et al. Role of the
multidisciplinary team in the diagnosis and treatment of
hepatocellular carcinoma. Expert Rev Gastroenterol Hepatol.
2012;6:173–185.
8. Guy J, Kelley RK, Roberts J, et al. Multidisciplinary
management of hepatocellular carcinoma. Clin Gastroenterol
Hepatol. 2012;10:354–362.
9. Shah SA, Smith JK, YouFu L, et al. Underutilization of
therapy for hepatocellular carcinoma in the medicare population. Cancer. 2011;117:1019–1026.
10. Chang TT, Sawhney R, Monto A, et al. Implementation of a
multidisciplinary treatment team for hepatocellular carcinoma
at a Veterans Affairs Medical Center improves survival. HPB
(Oxford). 2008;10:405–411.
11. Gaba RC, Kallwitz ER, Parvinian A, et al. Imaging
surveillance and multidisciplinary review improves curative
therapy access and survival in HCC patients. Ann Hepatol.
2013;12:766–773.
12. Yu JS, Kim KW, Kim EK, et al. Contrast enhancement of
small hepatocellular carcinomas: usefulness of three successive

848 | www.jcge.com
Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved.
Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved.

J Clin Gastroenterol



Volume 51, Number 9, October 2017

early image acquisitions during multiphase dynamic MR
imaging. AJR Am J Roentgenol. 1999;173:597–604.
13. Burrel M, Llovet JM, Ayuso C, et al. MRI angiography is
superior to helical CT for detection of HCC prior to liver
transplantation: an explant correlation. Hepatology. 2003;38:
1034–1042.

Copyright

r

Multidisciplinary Management of HCC

14. Mueller GC, Hussain HK, Carlos RC, et al. Effectiveness of MRI
imaging in characterizing small hepatic lesions: routine versus
expert interpretation. AJR Am J Roentgenol. 2003;180:673–680.
15. Mellinger JL, Volk ML. Multidisciplinary management of
patients with cirrhosis: a need for care coordination. Clin
Gastroenterol Hepatol. 2013;11:217–223.

2017 Wolters Kluwer Health, Inc. All rights reserved.

www.jcge.com |

Copyright r 2017 Wolters Kluwer Health, Inc. All rights reserved.

849

