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ABSTRACT

Background. Resection of hepatocellular carcinoma
(HCC) offers a chance of cure, but recurrence is common
and survival is often limited. The clinical and pathological
characteristics of long-term survivors have not been well
studied.

Methods. We retrospectively reviewed 212 patients who
underwent partial hepatectomy for HCC with curative
intent from 1992 to 2006. Fifty patients who survived
beyond 10 years were compared with 109 patients who
died of recurrence within 10 years.

Results. Multivariate analysis showed that tumors <5 cm
(odds ratio [OR] 2.3, p = 0.04), solitary tumors (OR 3.2,
p = 0.01), and absence of vascular invasion (OR 2.3,
p = 0.04) were independently associated with actual
10-year survival. However, more than 20% of long-term
survivors also possessed established poor prognostic fac-
tors, including o-fetoprotein >1000 ng/mL, unfavorable
serum inflammatory indices, tumor size >10 cm,
microvascular invasion, poor tumor differentiation, cir-
rhosis, and metabolic syndrome. None of the 10-year
survivors had an R1 resection. While 77% of the short-term
survivors developed recurrence within 2 years, 42% of the
10-year survivors developed recurrence during their decade
of follow-up, although most of the recurrences among
10-year survivors were intrahepatic and amenable to fur-
ther treatment. Among patients who survived beyond
10 years, 42% remained alive without recurrence.
Conclusions. In this largest Western series of actual
10-year survivors after HCC resection, almost one in four

© Society of Surgical Oncology 2016

First Received: 25 July 2016;
Published Online: 5 December 2016

R. P. DeMatteo, MD
e-mail: dematter @mskcc.org

patients survived over a decade, even though nearly half of
this subset had developed recurrence. While many well-
known variables were associated with a poor outcome, only
a positive microscopic margin precluded long-term
survival.

Hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related death worldwide and its incidence
has been increasing.'> While HCC resection may be
curative for selected patients, there has been a paucity of
reports on actual long-term survivors. Many studies have
reported recurrence rates as high as 70-80% within 5 years
of resection, with an overall survival rate of approximately
40-50% at 5 years.””’ Most outcome studies present
actuarial survival based on the Kaplan—-Meier method,
which often overestimates actual long-term survival. A
systematic review of 303 actual 10-year survivors world-
wide revealed that only 7% survived 10 years after
resection, whereas some studies within the review have
quoted actuarial survival as high as 27%.° Of the few
reports that have documented long-term survivors, the
largest series in the US had only 28 actual 10-year
survivors.” "

Resection of HCC has been the mainstay of curative
therapy, but only 20-30% of all patients presenting with
HCC are eligible for resection.'® Liver transplantation is
not a realistic option for many patients given the limited
donor pool and stringent Milan criteria.” Thus, eligibility
for resection has broadened over the years, and resection is
utilized when there is adequate liver remnant and metabolic
function.">'® In many centers, patients with large tumors,
multinodular disease, and vascular invasion, among other
well-established high-risk factors, still undergo resection
for a chance of cure.*””"'” Nomograms have been devel-
oped to calculate the probability of survival, but they
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should be interpreted with caution since they are inherently
limited by being derived from actuarial data. Whether these
risk factors preclude actual 10-year survival has not been
well studied.

In this study, we present the largest Western experience
of actual 10-year survivors. We aim to characterize the
clinicopathological variables that are associated with long-
term survival, with an emphasis on evaluating the impact
of established high-risk factors on the potential curative
intent of HCC resection.

METHODS
Patients

With approval of the Institutional Review Board at
Memorial Sloan Kettering Cancer Center, we retrospec-
tively analyzed 212 consecutive patients who underwent
resection of HCC with curative intent from 1992 to 2006.
Of these patients, 13 (6%) died within 3 months of oper-
ation, 28 (13%) died of other or unknown causes, and 12
(6%) patients were lost to follow-up. These 53 patients
were excluded in order to study cancer-related death,
comparing those who died of recurrence within a decade
with those who survived beyond 10 years (Fig. 1). All
patients in this study had complete macroscopic resec-
tion. Patients with fibrolamellar HCC or combined HCC
and cholangiocarcinoma were excluded.

Patients were considered for resection if they had
resectable tumors, adequate liver remnant and metabolic
function, and absence of any distant metastasis. Preopera-
tive portal vein embolization was utilized if there was a
concern of small future liver remnant, while preoperative
artery embolization was utilized to stabilize patients with
tumor rupture or to downstage tumor for subsequent
resection. Involvement of the diaphragm or adrenal gland

RO/R1 resections of HCC
(n=212)

Died <3 months
(n=13)

Lost to follow up <10 years
(n=12)

Died without recurrence <10 years
(n=28)

Survived >10 years
(n=50)

Died of recurrence <10 years
(n=109)

FIG. 1 Study patients. HCC hepatocellular carcinoma

that could be resected with a gross negative margin was not
considered a contraindication. Tumors with invasion of
hepatic or portal vein branches were also resected in
selected cases. Most patients were Child—Pugh class A, but
selected patients with class B also underwent partial hep-
atectomy. Treatments were discussed at a weekly
multidisciplinary disease management team conference.
For follow-up, patients were evaluated in clinic within
2 weeks postoperatively, and then followed every
3 months in the first several years and then every 6 months
thereafter. Patients were evaluated with history and phys-
ical examination, a-fetoprotein (AFP) and liver function
tests, and serial abdominal computed tomography (CT)
and/or magnetic resonance imaging (MRI) scans during
surveillance. In addition, our institutional Cancer Registry
conducts annual follow-up with our patients and their
providers to obtain updated disease status.

Clinicopathologic Variables

We evaluated age at resection, gender, American Soci-
ety of Anesthesiologists (ASA) classification, Child—Pugh
classification, Model for End-Stage Liver Disease (MELD)
score, underlying liver diseases, and metabolic disorders.
Patients with any three of the following risk factors met the
criteria for metabolic syndrome: body mass index >25,
type 2 diabetes, hypertension, and hyperlipidemia.'® We
also obtained preoperative levels of AFP and serum
inflammatory markers, which included neutrophil-to-lym-
phocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
lymphocyte-to-monocyte ratio (LMR), prognostic nutri-
tional index (PNI), and aspartate aminotransferase-to-
platelet ratio index (APRI), as previously calculated and
dichotomized.'***

Operative details included the number of segments
resected, concomitant extrahepatic tumor, tumor rupture,
and operative blood loss. Major hepatectomy was defined
as resection of 3 or more Couinaud segments. Pathological
data included the number of tumors, largest tumor diame-
ter, vascular invasion, differentiation, fibrosis and cirrhosis,
steatosis as per the Kleiner—Brunt histologic scoring sys-
tem, and margin status. The presence of microscopic tumor
cells at the resection margin was considered an R1 resec-
tion. Recurrence and survival details were also
documented.

Statistics

Continuous variables were presented as median and
range, while categorical variables were presented as fre-
quency and percentage, and were compared using the
Wilcoxon rank test and Fisher’s exact test, respectively.
Multivariate analysis was performed using logistic
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regression, and Kaplan—Meier curves were generated for
overall and recurrence-free survival. Statistical analyses
were performed using R version 3.2.2 (cran.r-project.org).
A p value <0.05 was considered significant.

RESULTS

Of 212 patients who underwent curative-intent resection
for HCC, the median overall survival was 4.2 years [95%
confidence interval (CI) 3.3-5.5] (Fig. 2a) and median
recurrence-free survival was 1.6 years (95% CI 1.1-2.4)
(Fig. 2b). The median length of follow-up was 13 years for
survivors. After excluding patients who died within
3 months of operation, died without recurrence, or were
lost to follow-up, 159 patients were used for comparative
analyses.

Clinicopathological variables of 50 patients who sur-
vived over a decade versus 109 patients who died of
recurrence within a decade are shown in Table 1. By uni-
variate analysis, 10-year survivors were significantly
younger, female, had higher levels of LMR and PNI, had
less operative blood loss, had tumors that were smaller,
solitary, and lacked vascular invasion, and had an RO
resection.

However, poor prognostic factors were identified in
more than 20% of actual 10-year survivors. This included
preoperative levels of AFP> 1000 ng/mL, NLR > 2.81,
PLR > 190, LMR < 3.77, and APRI > 0.62. Other poor
prognostic factors found among the 50 long-term survivors
included 5 (10%) patients with preoperative tumor rupture,
2 (4%) patients with concomitantly resected extrahepatic

disease, 16 (32%) patients with tumor size >10 cm, 8§
(16%) patients with multiple nodules, 14 (28%) patients
with vascular invasion, 16 (32%) patients with poor dif-
ferentiation, 12 (24%) patients with cirrhosis, and 15 (30%)
patients with steatosis. Among 14 long-term survivors with
vascular invasion, 1 patient had hepatic vein thrombus
known preoperatively and 13 had microvascular invasion
identified only on pathology. In contrast, 17 (16%) short-
term survivors had macrovascular invasion on preoperative
scans. None of the long-term survivors had Child—Pugh
class B liver function, combined hepatitis B and C,
hemochromatosis, or an R1 resection.

In multivariate analysis, as shown in Table 2, factors
independently associated with actual 10-year survival
included smaller tumor size <5 cm [odds ratio (OR) 2.3,
p = 0.04], solitary tumor (OR 3.2, p = 0.01), and absence
of any vascular involvement (OR 2.3, p = 0.04).

Recurrence details of the two comparative groups are
shown in Table 3. Almost half (n = 21, 42%) of the
10-year survivors developed recurrence within 10 years,
whereas the majority (n = 84, 77%) of the short-term
survivors developed recurrence within the first 2 years.
Patients with early recurrence within 2 years had signifi-
cantly shorter survival after recurrence compared with
those who developed recurrence after 2 years (p = 0.003)
[Fig. 3]. In 43 patients who recurred after 2 years, 18
(42%) survived beyond 10 years, indicating indolent tumor
biology. The three patients who developed recurrence after
10 years had cirrhosis identified on initial hepatectomy and
died shortly after recurrence. While the majority of recur-
rences occurred intrahepatically for both long-term
(n = 17, 81%) and short-term (n = 70, 64%) survivors,

FIG. 2 Median a overall and
b recurrence-free survival of 1.00 1.007
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TABLE 1 Demographic and tumor characteristics
Long-term survivors (n = 50) Short-term survivors (n = 109) p value
Demographic and history
Age, years (range) 62 (26-79) 67 (28-87) 0.04
Male 27 (54) 86 (79) 0.002
ASA physical status
I 1(2) 2(2) 0.94
I 28 (56) 57 (52)
111 20 (40) 44 (40)
Child-Pugh class
A 50 (100) 103 (94) 0.18
B 0 (0) 6 (6)
MELD score
<10 42 (84) 88 (81) 0.65
>10 7 (14) 20 (18)
Underlying liver disease
Hepatitis B 18 (36) 26 (24) 0.58
Hepatitis C 5 (10) 14 (13)
Hepatitis B + C 0 (0) 1(1)
Alcoholic 5 (10) 12 (11)
Hemochromatosis 0 (0) 4 4)
None 22 (44) 52 (48)
Metabolic syndrome risks
BMI > 25 27 (54) 52 (48) 0.73
Type 2 diabetes 10 (20) 29 (27) 0.43
Hypertension 24 (48) 45 (41) 0.49
Hyperlipidemia 8 (16) 8 (7) 0.15
Metabolic syndrome 12 (24) 23 (21) 0.68
Preoperative data
Macrovascular invasion 1) 17 (16) 0.013
Preoperative intervention
Portal vein embolization 0 (0) 303) 0.55
Hepatic artery embolization 3 (6) 6 (6) 1.00
Preoperative tumor rupture 5 (10) 4 (4) 0.14
Preoperative embolization 3 (6) 1(1)
AFP, ng/mL (range) 37 (2-29,470) 33 (2-163,921) 0.77
AFP, ng/mL
<1000 36 (72) 76 (70) 0.51
>1000 11 (22) 17 (16)
NLR (range) 2.8 (0.9-11) 3.0 (0.9-21) 0.27
NLR
<2.81 22 (44) 39 (36) 0.27
>2.81 21 (42) 57 (52)
PLR (range) 150 (57-625) 173 (45-1087) 0.26
PLR
<190 31 (62) 56 (51) 0.13
>190 12 (24) 40 (37)
LMR (range) 4.3 (1.6-10) 3.6 (1.2-7.3) 0.02
LMR
<3.77 18 (36) 55 (50) 0.10
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TABLE 1 continued

Long-term survivors (n = 50) Short-term survivors (n = 109) p value
>3.77 25 (50) 41 (38)
PNI (range) 50 (36-63) 48 (30-62) 0.04
PNI
<45 9 (18) 30 (28) 0.23
>45 34 (68) 65 (60)
APRI (range) 0.6 (0.2-3.2) 0.5 (0.2-3.5) 0.38
APRI
<0.62 28 (56) 54 (50) 0.34
>0.62 14 (28) 40 (37)
Operative data
Major hepatectomy 23 (46) 61 (56) 0.30
Operative blood loss, mL (range) 400 (50-2300) 575 (50-5000) 0.04
Local extrahepatic resection 2 (4) 5(5) 1.00
Pathologic data
Tumor size, cm (range) 6.5 (1.8-22) 9.5 (1.5-26) 0.03
Tumor size, cm
<5 20 (40) 18 (17) 0.003
5-10 14 (28) 54 (50)
>10 16 (32) 37 (34)
Multiple nodules or satellites 8 (16) 44 (40) 0.003
Pathologic vascular invasion 14 (28) 58 (53) 0.003
Differentiation
Well 8 (16) 20 (18) 0.73
Moderate 25 (50) 56 (51)
Poor 16 (32) 27 (25)
R1 resection 0 (0) 11 (10) 0.02
Fibrosis 29 (58) 64 (59) 1.00
Cirrhosis 12 (24) 31 (28) 0.70
Steatosis
Mild 7 (14) 11 (10) 0.08
Moderate 5 (10) 5(5)
Severe 3 (6) 1)

Bolded p values indicate statistical significance

Data are expressed as n (%) unless otherwise specified

ASA American Society of Anesthesiologists, MELD model for end-stage liver disease, BMI body mass index, AFP o-fetoprotein, NLR neutrophil-
to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, LMR lymphocyte-to-monocyte ratio, PNI prognostic nutritional index, APRI aspartate

aminotransferase-to-platelet ratio index

TABLE 2 Multivariate analysis of actual 10-year survivors

OR 95% CI p value
Tumor size <5 cm 2.33 1.03-5.28 0.04
Solitary nodule 3.15 1.32-7.56 0.01
Absence of vascular invasion 2.26 1.04-4.90 0.04

OR odds ratio, CI confidence interval
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TABLE 3 Tumor recurrence details of actual 10-year survivors

Long-term survivors (n = 50)

Short-term survivors (n = 109)

Recurrence timing

Total patients 21 (42) 109 (100)
<2 years 3 (6) 84 (77)
2-5 years 7 (14) 22 (20)
5-10 years 8 (16) 33
>10 years 3 (6) -
Recurrence location
Intrahepatic only 17 (34) 70 (64)
Intrahepatic + extrahepatic 3 (6) 39 (36)
Unknown 1) 0 (0)
Recurrence treatment
Resection 6 (12) 7 (6)
Transplant 1) 0 (0)
Embolization or ablation 11 (22) 50 (46)
Chemoradiation 1) 23 (21)
Supportive only 1) 22 (20)
Unknown 1(2) 7 (6)
Data are expressed as n (%)
100 resection survived beyond 10 years. The predominant
Recurrence Time treatments of these patients at the onset of recurrence are
. \ 5-10 years (n = 11) shown in Table 3. While selected patients with recurrence
% | —— 2.5 years (n = 29) were eligible for second resection or salvage liver trans-
_‘.§0.75 1 < 2years (n = 87) plant, half of the patients with recurrence were treated with
s percutaneous  interventions, including  transarterial
g embolization and ethanol ablation. Of the three long-term
E survivors who had extrahepatic recurrence, two underwent
§°‘5°‘ resection of their metastasis (one in the peripancreatic
5 lymph nodes and one in the lung) within 10 years, and one
E patient with cirrhosis developed multifocal HCC 15 years
50.25 | later, in the liver and adrenal, and died within a few months
§ of recurrence.
DISCUSSION
0.00 1

T T T T T T T

0 2 4 6 8 10 12 14
Years from recurrence

FIG. 3 Post-recurrence survival

one-third (n = 39, 36%) of short-term survivors developed
extrahepatic recurrence.

Among the long-term survivors, 21 were alive without
recurrence. Another 21 patients had developed recurrence,
of whom 11 remained alive with disease, and 10 died of
disease after 10 years. Eight patients died of other causes
as they had no evidence of disease during their last visit.
While recurrence was generally associated with worse
outcomes, 18 patients with recurrence within 10 years of

In this study, we compared 50 patients with HCC who
survived beyond 10 years with 109 patients who died of
disease within a decade. Known high-risk pathological
variables such as large tumor size, multiple nodules or
satellites, and vascular invasion were associated with worse
outcome, similar to other studies.*” However, these risk
factors did not preclude long-term survival. Eight patients
(16%) with multiple nodules or satellites survived
10 years. None of these eight patients had macrovascular
invasion, although two patients had microvascular inva-
sion. Their median tumor size was 12 cm. Despite having
these high-risk factors, these patients survived over
10 years. Furthermore, AFP levels >1000 ng/mL,
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preoperative tumor rupture, local extrahepatic disease, poor
tumor differentiation, cirrhosis, and steatosis did not sig-
nificantly distinguish short-term survivors from long-term
survivors. These findings were consistent with some, but
not all, prior studies.*'*’ This is likely due to the
heterogeneity of HCC patients, and thus it is difficult to
identify prognostic factors that are widely applicable. In
addition, serum inflammatory indices, which have not been
previously studied in actual 10-year survivors, were not
associated with outcome, in our analysis, when they were
dichotomized. Nevertheless, our findings suggest that there
are few absolute exceptions to having long-term survival
when complete resection with adequate future liver rem-
nant can be achieved.

Having a positive microscopic margin precluded 10-year
survival in our experience. For patients with positive mar-
gins, only 1 of 28 patients in one study and 1 of 10 patients in
another study survived beyond a decade, and one patient
received adjuvant transarterial chemotherapy.'*** Larger
studies are needed to better characterize the impact of posi-
tive microscopic margins on long-term survival as only 11
patients had an R1 resection in our study. Additional thera-
pies, such as re-resection or ablation to achieve negative
margins, may confer improved survival similar to a study on
hilar cholangiocarcinoma.”® The ability to achieve any
margin clearance in HCC, even a 2-mm free margin, has
yielded similar overall survival to those with larger clear-
ance.’® Thus, while margin clearance may seem to be a result
of surgical technique, it is likely to be a surrogate marker of
tumor aggressiveness, similar to our findings with resection
of colorectal liver metastasis.”’ Diffuse infiltrative HCCs are
less amenable to an RO resection and have significantly
worse outcomes compared with discrete, nodular HCCs.3>33

Short-term survivors had significantly shorter time to
recurrence, with the majority (77%) developing recurrence
within 2 years. Early recurrence is likely secondary to
metastasis from primary tumors through microvascular
invasion, which is often associated with larger tumors and
those with multiple nodules and satellites.>*® On the other
hand, late recurrence is likely secondary to multicentric
carcinogenesis that stems from cirrhosis.** % In our series,
48 (55%) patients with early recurrence within 2 years had
microvascular invasion, and 23 (26%) had pathologic cir-
rhosis. However, all three of the patients who developed
recurrence after 10 years had cirrhosis and lacked vascular
invasion on their initial hepatectomy. It is likely these late
recurrences were second primary tumors from their
underlying cirrhosis rather than true recurrence. This is a
stark contrast from patients with colorectal liver metastasis
with no underlying liver disease, in which most patients
(97%) who survived 10 years appeared to be cured.?’ Thus,
lifelong follow-up should be considered for patients after
resection of HCC, especially in those with cirrhosis.

Of all centers that have documented actual 10-year
survivors, only centers in China and Japan have published
large series to date.””'” It is important to note that the
underlying liver diseases that promote HCC development
vary in different parts of the world. The majority of
patients with HCC in China have hepatitis B, while hep-
atitis C is more common in Japan, and whereas relatively
more patients in the US have metabolic disorders.***°
These varying liver diseases, along with their underlying
genetic dispositions and tumor behavior, may lead to dis-
parate surgical outcomes.*'**> Approximately 25% of our
patients had pathologic cirrhosis, compared with 50-80%
found in Asian countries where HCC is predominantly
secondary to chronic viral hepatitis.*”** Thus, findings in
our 10-year survivors are likely more applicable to other
Western institutions.

CONCLUSIONS

Actual 10-year survival after resection of HCC was
associated with having a small, solitary tumor without
vascular invasion. However, more than 20% of the 10-year
survivors possessed many of the established poor prog-
nostic factors. Only R1 resection precluded actual 10-year
survival in our study. Our findings suggest that resection
should be offered when tumor is resectable for a chance of
long-term survival despite having individual poor prog-
nostic factors, and that long-term surveillance should be
considered, especially in those with cirrhosis.
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