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ABSTRACT

Background. Laparoscopic liver resection (LLR) is
increasingly utilized for patients with hepatocellular car-
cinoma (HCC). However, long-term outcomes for patients
requiring conversion to an open procedure during LLR
have not been examined.

Methods. Patients undergoing attempted LLR for HCC
were identified within the National Cancer Database.
Patients undergoing successful LLR were compared with
those who required unplanned conversion with regard to
perioperative outcomes and overall survival (OS). Those
experiencing conversion were further compared with
patients who underwent planned open resection after
propensity score matching.

Results. Unplanned conversion occurred in 228 (18.0%)
of 1270 patients undergoing LLR. Compared with suc-
cessful LLR, conversion was associated with greater length
of stay (6 vs. 4 days, p < 0.001), higher readmission rates
(7.8% vs. 2.6%, p =0.001), and reduced OS (55.1 vs.
67.6 months, p = 0.074). Unplanned conversion during
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major hepatectomy was associated with significantly worse
OS (median 35.7 months) compared with successful major
and minor LLR (median not reached and 67.6 months,
respectively, p = 0.004). Compared with planned open
resection, similar results were noted as conversion during
major LLR was associated with worse OS (median
27.3 months) compared with open major hepatectomy
(median not reached; p = 0.002). Unplanned conversion
was independently associated with increased mortality
(hazard ratio 1.38) after adjustment in a multivariable
model. Tumor size was the strongest predictor of conver-
sion on logistic regression analysis.

Conclusions. Unplanned conversion during LLR for HCC
is associated with inferior OS. This difference is most
pronounced for major hepatectomy. LLR should be con-
sidered cautiously in patients with larger, more advanced
tumors likely to require major resection.

Laparoscopic liver resection (LLR) is considered an
oncologically safe and acceptable approach for hepatocel-
lular carcinoma (HCC).I_6 In turn, the utilization of LLR
has increased significantly over the past two decades.”® As
experience with LLR has grown, so has the extent and
complexity of hepatic resections.®'°

Short-term outcomes for patients undergoing successful
LLR have been shown to be equivalent or superior to tra-
ditional open resection.'! However, greater rates of
morbidity and perioperative mortality for patients requiring
an unplanned conversion to an open procedure during LLR
have been reported.'>!® To date, the impact of unplanned
conversion on long-term survival for patients with HCC
has not been evaluated.

The current study examined the factors associated with
unplanned conversion to better identify patients at risk of
unsuccessful LLR. In addition, the long-term survival for
patients requiring unplanned conversion is examined and
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compared with successful LLR and planned open resec-
tion. It is hypothesized that conversion during LLR is
associated with worse overall survival (OS), exclusive of
perioperative mortality, and there are identifiable factors
that may predict patients at greater risk for unsuccessful
LLR.

METHODS

Data Source and Patient Selection

The National Cancer Data Base (NCDB) is a hospital-
based clinical oncology dataset estimated to include 70%
of the nation’s annual malignant diagnoses. Cases are
identified via the third edition of the International Classi-
fication of Disease for Oncology (ICD-O-3) histologic
codes. As the NCDB contains appropriately de-identified
patient data, this study was deemed exempt by the
University of Tennessee Health Science Center institu-
tional review board.

Patients with ICD-O-3 histologic codes corresponding to
a diagnosis of HCC were selected from the 2000-2014
NCDB dataset. Because the NCDB has only more recently
included information regarding unplanned conversion, only
those cases from 2010 to 2014 were able to be analyzed.
Surgical cases were subdivided by operative approach:
those undergoing successful LLR and those experiencing
unplanned conversion to an open procedure during
attempted LLR. Patients undergoing total hepatectomy
(i.e., transplant), nonresectional local interventions alone
(i.e., ablation), combined HCC-cholangiocarcinoma, and
those with metastatic disease were excluded (see Supple-
mental Fig. 1 for selection flow diagram).

Factors Associated with Unplanned Conversion

Patients undergoing successful LLR were contrasted
with those experiencing conversion with regard to baseline
patient- and tumor-specific characteristics, including
demographics, comorbidities, facility type, and case-vol-
ume, as well as tumor size, stage, and grade. Additionally,
the extent of resection (minor or major hepatectomy) was
compared between groups. The extent of resection was
determined via surgical procedure codes with lobectomy
and extended lobectomy codes defined as major hepatec-
tomies and segmental resections classified as minor
hepatectomies.'® Factors approaching significance on uni-
variate comparison were included in a multivariable
analysis to determine their independent association with
conversion.

Short- and Long-term Outcomes

Patients with missing follow-up or survival data were
excluded from subsequent outcomes analysis (n = 326;
Supplemental Fig. 1), with an equal proportion of patients
excluded from each group. Resection margins, 30- and
90-day mortality, length of stay (LOS), and readmission
were assessed. OS, defined as the time from diagnosis to
death or censoring, was evaluated for both groups and was
further substratified based on extent of resection (major vs.
minor hepatectomy). Multiple factors potentially associ-
ated with OS, including unplanned conversion, were
evaluated within a Cox proportional hazards model to
determine their independent effect on survival.

Comparison to Open Liver Resection

Using similar selection criteria, patients experiencing
unplanned conversion were compared with those under-
going planned open resection following propensity score
matching to account for likely differences. Propensity
scores were estimated based on a logistic regression model
accounting for key covariates, including age, gender, race,
comorbidities (Charlson—-Deyo Comorbidity Index), extent
of resection (major vs. minor hepatectomy), and tumor
characteristics, such as primary tumor (T) classification,
grade, and the presence of lymphovascular invasion. 1:1
matching between groups was performed based on gener-
ated propensity scores. Analysis of indicated covariates
was performed pre- and post-matching to ensure adequate
balance. Groups were then compared with regard to short-
and long-term outcomes.

Data Analysis

Continuous variables were expressed using the median
and interquartile range (IQR) and analyzed with the Wil-
coxon rank-sum test. Categorical variables were stated as
counts with relative frequencies and compared using the
Chi-square test or Fisher’s exact test when appropriate.
Univariate survival comparison was performed with
Kaplan-Meier curves and the log-rank test. A
p value < 0.15 was used to select variables for initial
inclusion in multivariable models. Logistic regression
model fit was assessed with the Hosmer-Lemeshow
goodness-of-fit test. All statistical analysis was performed
with SAS version 9.4 (SAS Institute, Cary, NC).
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RESULTS

A total of 1270 patients with HCC underwent attempted
LLR over the 5-year period. Patients were predominantly
male (71.2%) and Caucasian (68.8%), with a median age of
65 (IQR 58-72). Most were treated at an academic facility
(68.0%). Overall median tumor size for patients undergo-
ing attempted LLR was 3.9 (IQR 2.5-6.3) cm, and most
were T1 (57.6%) or T2 (28.8%) tumors. Overall, 349
(27.5%) patients underwent attempted major hepatectomy
via a laparoscopic approach.

The number of attempted LLR per year increased from
188 in 2010 to 320 in 2014. Unplanned conversion
occurred in 228 cases (18.0%). There was no significant
difference in conversion rates between years (range
16.2-20.2%, p = 0.796), nor was there a discernable trend
in conversion rates over time (Supplemental Fig. 2).

Examination of Patient-Specific Variables

Comparison of patient- and tumor-specific variables for
successful LLR and unplanned conversion are detailed in
Table la. There was no significant difference between the
groups with regard to age, gender, race, or comorbid status.
The median number of attempted LLR was similar between
facilities in either group (8.0 cases/5 years vs. 7.5 cases/
5 years, p = 0.109). Patients experiencing conversion had
larger tumors (median 5.0 vs. 3.7 cm, p < 0.001) and a
greater percentage of T3/T4 tumors (21.1% vs. 11.6%,
p = 0.002) compared with those undergoing successful
LLR. The presence of lymphovascular invasion was asso-
ciated with unplanned conversion (32.9% vs. 23.2%,
p = 0.006).

For both groups, most resections were minor hepatec-
tomies. However, the rate of unplanned conversion was
greater for those undergoing major hepatectomy (38.2% vs.
25.1%, p < 0.001). On examination of cases of attempted
major LLR, 30.2% of those undergoing right/extended
right hepatectomy experienced unplanned conversion
compared with only 19.9% of those undergoing left/ex-
tended left hepatectomy (p = 0.042) (note: in 49 of 349
major hepatectomies, the laterality was not indicated).

Results of a multivariable analysis of those character-
istics approaching significance on univariate comparison
are shown in Table 1b. Tumor size was the only factor
found to be independently associated with the occurrence
of unplanned conversion (odds ratio [OR] 1.07, 95% con-
fidence interval [CI] 1.02-1.12), even after adjusting for
multiple other factors.

Outcomes Following Unplanned Conversion

Median follow-up times for the unplanned conversion
and successful LLR groups were 24.3 and 26.3 months,
respectively. Patients who underwent unplanned conver-
sion had a higher percentage of positive margins compared
with the LLR group (11.6% vs. 7.5%), although this was
not statistically significant (p = 0.086; Table 2). Median
LOS was 2 days longer (6 days vs. 4 days, p < 0.001) and
30-day readmission rates were three times higher (7.8% vs.
2.6%, p = 0.001) among patients who required conversion
compared with those who underwent successful LLR.
Short-term mortality was not significantly different
between the groups.

On initial analysis, patients who experienced unplanned
conversion had significantly lower OS compared with those
who underwent successful LLR (median OS: 54.7 vs.
67.6 months, p = 0.0154; figure not shown). However, this
difference was no longer significant when patients with
90-day mortality were excluded (median OS: 67.6 months
[LLR] vs. 55.1 months [conversion], p = 0.074; Fig. la).
Upon further sub-stratification based on the extent of
resection (Fig. 1b), it was noted that patients who experi-
enced unplanned conversion while undergoing major
hepatectomy had a significantly lower estimated probabil-
ity of survival (median OS 35.7 months) compared with
those who experienced conversion during minor hepatec-
tomy (median OS not reached) as well as those who
underwent successful laparoscopic minor (median
67.6 months) and major hepatectomy (median not reached;
p = 0.004).

On multivariable Cox regression analysis (Table 3),
multiple factors were found to be independently associated
with survival, including patient comorbidities (hazard ratio
[HR] 1.77,95% CI 1.34-2.34), tumor grade (HR 1.50, 95%
CI 1.13-2.00), and advanced tumor stage (HR 1.89, 95%
CI 1.32-2.71). Tumor size also was significantly associated
with OS and appeared to be incremental in effect as the
hazard of death increased with the dimensions of the
tumor: a tumor 2-5 cm in size was associated with a hazard
of death 1.6 times that of a tumor < 2 cm (p = 0.052) and
increased to a hazard nearly 2 times baseline for tumors
> 5cm (p=0.011). The occurrence of unplanned con-
version remained significantly associated with mortality in
the model even after adjusting for other patient and tumor
characteristics (HR 1.38, 95% CI 1.03-1.86).

Comparison to Open Resection

Following propensity matching, patients who underwent
conversion were compared with 167 well-matched patients
who underwent planned open hepatectomy. Median fol-
low-up times for the matched unplanned conversion and
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TABLE 1 Comparison of baseline patient and perioperative charac-
teristics for HCC patients undergoing successful laparoscopic

conversion to an open procedure (n = 228): (a) univariate comparison
and (b) multivariable analysis of factors associated with unplanned

hepatectomy (n =1042) and those experiencing unplanned conversion
Variable LLR (n = 1042) Unplanned conversion (n = 228) p value
(a) Univariate comparison
Age, median (IQR) 65 (58-72) 64 (58-71) 0.371
Sex, n (%) 0.059
Female 312 (29.9) 54 (23.7)
Male 730 (70.1) 174 (76.3)
Race, n (%) 0.271
Caucasian 714 (68.5) 160 (70.2)
African American 160 (15.4) 42 (18.4)
Other 156 (15.0) 24 (10.5)
Unknown 12 (1.2) 2 (0.9)
Charlson-Deyo comorbidity index, n (%) 0.377
0 463 (44.4) 94 (41.2)
1 or more 579 (55.6) 134 (58.8)
Facility type, n (%) 0.283
Community program 14 (1.3) 3(1.3)
Comprehensive community program 186 (17.9) 36 (15.8)
Academic/research program 701 (67.3) 162 (71.1)
Integrated network program 113 (10.8) 26 (11.4)
Unknown 28 (2.7) 1(04)
Attempted LLR per facility for study period, median (IQR) 8.0 (4.0-18.0) 7.5 (3.5-16.0) 0.109
Tumor size (cm), median (IQR) 3.7 (2.5-5.8) 5.0 (3.0-8.0) <0.001
AJCC T classification, n (%) 0.002
TO 3(0.3) 1(0.4)
Tl 618 (59.3) 113 (49.6)
T2 300 (28.8) 66 (29.0)
T3 94 (9.0) 41 (18.0)
T4 27 (2.6) 7(3.1)
Grade, n (%) 0.062
Well differentiated 215 (20.6) 48 (21.1)
Moderately differentiated 553 (53.1) 112 (49.1)
Poorly differentiated 177 (17.0) 54 (23.7)
Not determined 97 (9.3) 14 (6.1)
Lymphovascular invasion, n (%) 0.006
Not present 639 (61.3) 128 (56.1)
Present 242 (23.2) 75 (32.9)
Unknown 161 (15.5) 25 (11.0)
Days from diagnosis until definitive surgical procedure, median (IQR) 35 (1-64) 33 (1-58) 0.457
Extent of resection, n (%) < 0.001
Minor hepatectomy 780 (74.9) 141 (61.8)
Major hepatectomy 262 (25.1) 87 (38.2)
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TABLE 1 continued

Variable Odds ratio 95% CI p value

(b) Multivariable comparison
Male sex (vs. female) 1.43 0.98-2.07 0.061
Tumor size (cm) 1.07 1.02-1.12 0.006
T3/T4 (vs. TO/T1/T2) 1.36 0.86-2.17 0.188
High grade tumor 1.32 0.90-1.93 0.153
Lymphovascular invasion 1.27 0.89-1.81 0.189
Major hepatectomy (vs. minor) 1.29 0.90-1.85 0.168
Case volume 0.99 0.92-1.05 0.642

IQR interquartile range, LLR laparoscopic liver resection, AJCC American Joint Committee on Cancer

TABLE 2 Short-term outcomes for patients successfully completing
laparoscopic hepatectomy compared to those experiencing unplanned
conversion to an open procedure

Variable Laparoscopic  Unplanned p value
liver conversion
resection (n=167)
(n="1777)
Positive margins, n (%) 57 (7.5) 19 (11.6) 0.086
LOS, median (IQR) 4 (3-6) 6 (4-9) < 0.001
Unplanned readmission, 20 (2.6) 13 (7.8) 0.001
n (%)
30-day mortality, n (%) 30 (3.8) 10 (5.9) 0.223
90-day mortality, n (%) 49 (6.3) 17 (10.1) 0.079

LOS length of stay, IOR interquartile range

open resection groups were 24.3 and 29.6 months,
respectively. Groups were similar with regard to rates of
positive margins (11.4% vs. 9.0%, p = 0.492) and read-
mission (7.8% vs. 7.2%, p = 0.835). Patients who required
unplanned conversion had a nonsignificant trend toward
greater LOS compared with those who underwent planned
open resection (median 6 vs. 5 days, p = 0.053). There was
no difference in the occurrence of 90-day mortality (10.2%
vs. 8.4%, p = 0.572).

After excluding cases involving 90-day mortality,
median OS was similar for those experiencing conversion
and those undergoing open resection (54.7 vs. 57.5 months,
p = 0.179). However, a significant difference was again
found upon stratification based on the extent of resection
(Fig. 2). Patients who underwent conversion during major
hepatic resection had a significantly reduced OS (median
27.3 months) compared with those who experienced con-
version during minor resection (55.1 months), along with
those who underwent open minor (57.5 months) and major
hepatectomy (median OS not reached) (p = 0.002).

DISCUSSION

This is the first report to examine the long-term survival
for patients who experienced unanticipated conversion to
an open procedure during LLR. Not only do the results in
this analysis coincide with previously published studies of
the short-term outcomes associated with unplanned con-
version, they also suggest that conversion is associated
with reduced OS beyond the early postoperative period.'?
These differences in survival were most pronounced for
patients undergoing major hepatectomy and remained sig-
nificant after multivariable adjustment.

Contemporary multi-institutional series of LLR have
described 5-year overall and recurrence-free survival rates
of 73% and 50%, respectively, paralleling those of open
resection.™ In a recent meta-analysis examining 917
patients (334 with HCC) undergoing either laparoscopic or
open major hepatectomy, Kasai et al.'' found that a
laparoscopic approach was associated with a lower rate of
postoperative morbidity and a reduced LOS. For patients
with HCC, there was no difference in OS between the
laparoscopic and open major hepatectomy groups. While
the results for successful LLR in the current analysis agree
with these previous reports, the long-term implications for
those patients undergoing conversion should be noted.
Despite adjustment for multiple other significant prognos-
tic factors, conversion remained independently associated
with an increased hazard of death on multivariable analysis
in this study. Furthermore, although survival rates were
similar for patients undergoing successful laparoscopic and
planned open major resection, unplanned conversion dur-
ing major LLR was associated with significantly worse
survival exclusive of 90-day mortality (Figs. 1b, 2).

While multiple factors, including T classification, his-
tologic grade, lymphovascular invasion, and the extent of
resection correlated with conversion on a univariate level,
only tumor size remained independently associated with
unplanned conversion on multivariable analysis. The OR of
1.07 obtained from the logistic regression analysis
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FIG. 1 a Overall survival for
patients undergoing attempted
LLR after excluding patients
experiencing early (90-day)
mortality. b Overall survival for
patients undergoing attempted
LLR, stratified by the
occurrence of unplanned
conversion and the extent of
resection

TABLE 3 Cox regression
analysis including hazard ratios
of factors associated with
overall survival
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Age 1.00 0.99-1.01 0.854
Unplanned conversion 1.38 1.03-1.86 0.033
Male sex (vs. female) 1.08 0.81-1.44 0.613
Comorbidities (CDCI > 1) 1.77 1.34-2.34 < 0.001
High grade tumor 1.50 1.13-2.00 0.005
Lymphovascular invasion 1.31 0.99-1.73 0.059
Advanced stage tumor (T3/4 vs. others) 1.89 1.32-2.71 < 0.001
Tumor size (vs. < 2 cm reference)
2-5 cm 1.64 1.00-2.71 0.052
>5cm 1.95 1.16-3.27 0.011

CDCI Charlson-Deyo comorbidity index
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indicates that the odds of conversion increase by 7% for
each centimeter of increased tumor size. This association
with tumor size may explain why major hepatectomy
remains associated with conversion in many published
series.'*”'*!7 On retrospective analysis of 223 patients
undergoing major LLR, Cauchy et al. found tumor diam-
eter > 10 cm to be strongly associated with conversion
(HR 8.91, p =0.014) on multivariable analysis.]4 In a
recent review of 2861 LLR performed at seven tertiary
referral centers across Europe, Halls et al.'” determined
that lesion size (OR 1.4, p =0.001) and the extent of
resection (OR 1.2, p = 0.003) were both independently
associated with conversion. In addition, the authors noted
that patients who experienced emergent conversion due to
an adverse intraoperative event (i.e., bleeding) experienced
inferior perioperative outcomes compared with those who
underwent conversion for an unanticipated finding (i.e.,
dense adhesions, inability to progress, etc.). This suggests
that early and prompt conversion, when appropriate, is in
the patient’s best interest and should not be viewed as
failure.'®

Notable results also were observed when unplanned
conversion was compared with planned open resec-
tion. Short-term outcomes, including LOS, readmissions,
and early mortality rates, were, at best, equivalent between
groups. This mirrors a previous examination of the NSQIP
database, in which similar rates of morbidity and mortality
were found in patients undergoing conversion compared
with a cohort of propensity-matched open cases.'® Inter-
estingly, conversion during major hepatectomy resulted in
significantly decreased long-term survival in the current
analysis. This would indicate that the stakes are much
higher for major hepatectomy and conversion should not be
viewed as a trivial occurrence in this group. In contrast, OS
was not negatively impacted when conversion occurred
during minor LLR compared to successful LLR and

Months from Diagnosis

planned open resections. Therefore, when minor resection
can be assured preoperatively, as in small isolated lesions,
LLR may be approached with more confidence as these
results suggest that conversion does not necessarily guar-
antee a poor long-term result.

There are certain restrictions to the current analysis,
mostly related to inherent limitations of the NCDB. Due to
large amounts of missing data for certain liver-specific
variables, such as the hepatic fibrosis score, the degree of
underlying cirrhosis or other parenchymal alterations were
unable to be accounted for. Similarly, this analysis could
not account for the presence of liver disease or the
underlying cause if cirrhosis was present. Secondly, the
database does not contain information regarding the exact
cause of conversion, only its occurrence. Thus, the true
incentives for conversion in these cases was not deter-
mined. While attempts were made to adjust for the volume
of procedures performed at individual facilities, it was not
possible to adjust for the experience of individual surgeons.
Because a learning curve exists for minimally invasive
hepatobiliary procedures, the omission of this covariate
likely introduces a degree of bias into these results.”'*~!
Finally, because the current analysis is limited to patients
with HCC, it cannot be fully extrapolated to patients with
other primary hepatic or metastatic lesions.

CONCLUSIONS

Within this national oncology dataset, tumor size was
the most significant predictor of conversion during
attempted LLR for HCC. Patients undergoing unplanned
conversion to an open procedure during LLR experienced
inferior short-term outcomes and reduced OS compared
with those undergoing successful LLR, especially in those
cases involving major hepatic resection. Compared with
open liver resection, unplanned conversion was again
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associated with inferior survival for those undergoing
major hepatectomy. Major hepatic resection via a laparo-
scopic approach should be reserved for cases with a high
likelihood of success and should be approached cautiously
in patients with large tumors.

DISCLOSURE All authors deny conflicts of interest pertinent to
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