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IMPORTANCE Data on outcomes following surgical management of intrahepatic
cholangiocarcinoma (ICC) are limited. The incidence of ICC is increasing and it has a poor
prognosis. No consensus has been reached regarding the optimal treatment modalities.

OBJECTIVE To systematically review and synthesize the available evidence regarding
treatment and prognosis in patients with ICC.

DATA SOURCES The PubMed database was searched for relevant articles published between
January 1, 2000, and April 1, 2013.

STUDY SELECTION Only studies assessing predictors of survival or recurrence in patients
undergoing curative-intent surgical treatment of ICC were included. Small series, studies
reporting on mixed types of cholangiocarcinoma, or exclusively on hepatolithiasis-associated
cholangiocarcinoma, and those published in a language other than English, French, German,
Italian, or Greek, were excluded. Fifty-seven of 960 articles were analyzed.

DATA EXTRACTION AND SYNTHESIS Data on preoperative, intraoperative, and postoperative
variables were extracted by 3 independent reviewers. Multiple studies reporting on the same
population were excluded. Data were pooled using a random-effects model.

MAIN OUTCOMES AND MEASURES We hypothesized that preoperative variables and tumor
characteristics affect patient survival. The outcomes of the study were overall survival and
recurrence-free survival. The hypothesis was formulated before data collection.

RESULTS Fifty-seven studies (4756 patients) were included in the review. Median patient age
ranged from 49 to 67 years, and 57% were male. Most patients had a solitary (69%), large

(median size, 4.5-8.0 cm) tumor of the mass-forming type (86%). Approximately one-third of

the patients had lymph node metastasis (34%) or vascular (38%), perineural (29%), or biliary
invasion (29%). Most underwent a major hepatectomy (82%), often accompanied by
lymphadenectomy (67%) and sometimes by extrahepatic bile duct resection (23%). Median
and 5-year overall survival (OS) generally were approximately 28 months (range, 9-53
months) and 30% (range, 5%-56%), respectively; factors predicting shorter OS included
large tumor size, multiple tumors, lymph node metastasis, and vascular invasion. Adjuvant
chemotherapy or radiotherapy did not appear to be beneficial. Seven studies (2132 patients)
provided data for the meta-analysis. Factors associated with shorter OS included older age
(pooled hazard ratio, 1.10; 95% Cl, 1.03-1.17), larger tumor size (1.09; 1.02-1.16), presence of
multiple tumors (1.70; 1.43-2.02), lymph node metastasis (2.09; 1.80-2.43), vascular invasion
(1.87;1.44-2.42), and poor tumor differentiation (1.41; 1.17-1.71).

CONCLUSIONS AND RELEVANCE The prognosis of ICC is dictated mainly by tumor factors.
Future research could focus on the usefulness of adjuvant treatment as well as other
multidisciplinary treatment modalities.
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Ithough intrahepatic cholangiocarcinoma (ICC) is rela-
tively rare, its incidence and mortality are increasing
worldwide.?In the United States, the age-adjusted in-
cidence of ICC increased from 0.32in 1975 to 0.85 per 100 000
population in 2000 and has yet to plateau.* At the same time,
long-term survival of patients with unresectable ICC is dis-
mal, with less than 5% to 10% of the patients alive 5 years af-
ter the diagnosis." The only potentially curative treatment op-
tion for patients who have resectable disease is surgery.
Unfortunately, even after curative-intent surgery, the clinical
outcomes of patients undergoing liver resection are disap-
pointing, with a 5-year survival rate of 20% to 35%.4° Further-
more, the role of adjuvant therapies, including systemic che-
motherapy and radiotherapy, remain poorly defined and have
been reported®” to have only a modest therapeutic effect.
As such, the optimal treatment strategy for patients with
resectable ICC has not been well characterized. Although liver
resection may offer the only chance for cure, there is still de-
bate regarding the various treatment strategies as well as the
factors most associated with prognosis.'® For instance, rou-
tine staging laparoscopy has been proposed*! for patients with
operable ICC because of concern for a high incidence of meta-
static disease not detected by conventional imaging meth-
ods; however, routine use of laparoscopy at the time of sur-
gery remains controversial. Lymphadenectomy is also not
routinely performed in most Western countries despite data
suggesting that lymph node status may provide considerable
prognostic information.'®" Furthermore, the role of neoad-
juvant and adjuvant treatment in patients with ICC undergo-
ing curative-intent resection remains poorly understood. Re-
ports on the characteristics of patients with ICC as well as
predictors of recurrence and survival, are relatively scarce.
Available data in the present study were largely derived from
retrospective observational studies, mostly from small, single-
institution series. In this context, we sought to systemati-
cally review the literature regarding treatment options, prog-
nostic factors, and clinical outcomes of patients with ICC
treated with curative intent. In addition, we performed a syn-
thesis of the published data and a meta-analysis of these data
toidentify factors associated with prognosis following curative-
intent surgery for ICC.

Methods

Literature Search

A systematic search of the pertinent literature was performed
in April 2013. The PubMed database was queried with the
search pattern intrahepatic and cholangiocarcinoma and sur-
vival and surgery or surgical for studies published on or after
January 1, 2000. Studies published in English, French, Ger-
man, Italian, or Greek were considered eligible. The refer-
ences of relevant articles were reviewed to identify addi-
tional eligible publications.

Study Selection
Potentially eligible studies were screened for inclusion in our
review. We included studies reporting on factors prognostic
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of survival or recurrence in patients undergoing curative-
intent surgical treatment of ICC. Prognostic factors included
preoperative, intraoperative, and postoperative variables. Small
series assessing fewer than 20 patients, as well as studies not
assessing factors prognostic of clinical outcome or not report-
ing results of univariate analyses, were excluded. Also ex-
cluded were studies reporting on mixed series of patients with
intrahepatic and other types of cholangiocarcinoma (eg, hilar
cholangiocarcinoma) as well as series of patients with exclu-
sively hepatolithiasis-associated ICC or recurrent ICC. Confer-
ence abstracts that did not proceed to publication in peer-
reviewed journals were not included in the present review.'?

Data Extraction

Data were extracted regarding the study setting and time pe-
riod as well as patients’ preoperative, intraoperative, and post-
operative characteristics. Preoperative variables included pa-
tient demographics (age and sex), disease characteristics
(presence of concurrent hepatitis B or C infection, cirrhosis,
steatohepatitis, hepatolithiasis, and primary sclerosing chol-
angitis as well as preoperative serum a-fetoprotein, carcino-
embryonicantigen, and carbohydrate antigen 19-9 levels), and
tumor characteristics (macroscopic histologic type, differen-
tiation, size, and number of lesions; microvascular, macro-
vascular, portal vein, hepatic vein, biliary, perineural, and ad-
jacent organ invasion; and intrahepatic, extrahepatic, or lymph
node metastases). Data regarding treatment included the ex-
tent of liver resection (major hepatectomy was considered the
resection of 3 or more liver segments, unless otherwise de-
fined in the original study), the concomitant resection of ex-
trahepatic bile ducts, the surgical margins (RO vs R1vs R2), the
performance of lymphadenectomy, and the receipt of preop-
erative or postoperative systemic chemotherapy, transarte-
rial chemoembolization, or radiotherapy. We also extracted
data regarding blood transfusions and postoperative compli-
cations. Finally, the clinical outcomes of the patients were re-
corded, including median, 3-year, and 5-year overall and re-
currence-free survival as well as additional data on the
recurrence sites.

When multiple studies analyzed the same population (ie,
series from the same hospital), data were extracted from the
larger study; if the sample size was similar, the one with the
longest follow-up was assessed. To identify such studies, we
assessed each study’s setting (name of hospital, university af-
filiation, and location), and time period as well as each study’s
investigators.

Statistical Analysis

Summary statistics were reported as total and percentage for
categorical variables and as median values and range for con-
tinuous variables, unless stated otherwise. The meta-
analysis was performed with Review Manager (RevMan), ver-
sion 5.2 software (Nordic Cochrane Centre, the Cochrane
Collaboration, 2012). Statistical heterogeneity between stud-
ies was assessed with a x? test and I?; P < .10 for the ¥ test or
P greater than 50% indicated significant heterogeneity. Pub-
lication bias was assessed using the Egger test by the funnel
plot method.'® Pooled hazard ratios (HRs) and 95% CIs were
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calculated using each study’s log(HR) and its SE log(HR); the
inverse variance method and the random effects model were
applied. The variance of log(HR) was calculated using the meth-
ods described by Parmar et al.** For studies not reporting HRs
and comparing survival using the log-rank test, the log(HR) and
variance were estimated using an indirect method described
by Parmar et al based on the log-rank P value and the total num-
ber of events, provided that the effect size was not too large
and the compared groups had similar sample sizes. Statistical
significance was set at P < .05.

. |
Results

A total of 960 studies were screened; 162 were selected for fur-
ther review and 57 were included in our study.*#1%-156> Most
studies originated from South Asia/Pacific (33 studies: Japan,
16; China 11; and other, 6), followed by Europe (n = 13) and the
United States (n = 11). Common reasons for exclusion were the
absence of specific data regarding patients with ICC (36 series
had mixed populations of ICC with other types of cholangio-
carcinoma or patients provided therapy with curative and pal-
liative intent), the lack of eligible analyses of prognostic fac-
tors (n = 34), the analysis of fewer than 20 patients with ICC
(n = 14), or the inclusion of the studied population in another
publication without providing further eligible data (n = 16). The
selection process is depicted in Figure 1. Of the 57 studies, 15
analyzed populations partially overlapping with those of an-
other eligible study but provided additional eligible data.'-52¢5
The 42 index studies analyzed 4756 patients.* 855! All stud-
ies were retrospective.

Patient and Disease Characteristics

Table 1 shows the clinicopathologic characteristics of pa-
tients included in the analyzed studies. The median age of the
patients ranged from 49 to 67 years. Overall, there was a slight
predominance of men (57%; range among the studies, 32%-
83%). Most patients (86%; range, 24%-100%) had the mass-
forming subtype of ICC. The prevalence of cirrhosis was 16%
(range, 0%-35%); of hepatitis B, 15% (range, 0%-73%); and of
hepatitis C, 10% (range, 0%-45%). The median size of the tu-
mor ranged from 4.5 to 8.0 cm, and most patients (69%; range,
41%-94%) had a solitary tumor. Vascular and perineural inva-
sion were present in 38% (range, 13%-98%) and 29% (range,
12%-55%) of the patients, respectively; biliary invasion was
present in 29% of the population (range, 13%-63%). Among pa-
tients who had a lymphadenectomy, approximately one-
third had lymph node metastases (34%; range, 9%-100%).

Treatment and Clinical Outcomes

Details regarding the treatment and clinical outcomes of pa-
tients are presented in Table 1. Most patients underwent a ma-
jor hepatectomy (82%; range, 43%-100%), and approxi-
mately one-fourth (23%; range, 2%-59%) also had an
extrahepaticbile duct resection; surgical margins were micro-
scopically negative (RO) in most cases (74%; range, 37%-
93%). Lymphadenectomy was performed in two-thirds of the
patients (67%; range, 9%-100%). Postoperative administra-
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Figure 1. Flow Diagram Depicting the Selection Process
of the Reviewed Studies

960 Articles identified and screened
in PubMed

v

162 Full-text articles assessed
for eligibility

105 Articles excluded
36 Ineligible patients
34 Ineligible data
16 Duplicates
14 <20 Patients
4 Ineligible language
1 Not original study

57 Articles included in the systematic
review

7 Articles included in the meta-analysis

No additional studies were identified during review of the references of the
relevant articles.

tion of systemic chemotherapy, transarterial chemoemboli-
zation, or radiotherapy was described in 22 studies; 6 studies
also reported the use of preoperative chemotherapy. Two stud-
ies assessed 43 patients who underwent orthotopic liver trans-
plant.

The median follow-up period ranged from 14 to 43 months
among the studies analyzed. Median, 3-year, and 5-year over-
all survival (OS) ranged from 9 to 53 months, 16% to 65%, and
5% to 56%, respectively. In a subset analysis of the 5 largest
studies,*® the median, 3-year, and 5-year OS ranged from 18
to 33 months, 32% to 47%, and 21% to 35%, respectively. With
regard to recurrence, median, 3-year, and 5-year recurrence-
free survival (RFS) ranged from 7 to 34 months, 6% to 47%, and
2% t0 39%, respectively. The most common recurrence site was
the liver; other common recurrence sites included the lymph
nodes, peritoneum, and lungs, and less common sites were the
bones, pleura, abdominal or chest wall, and skin.

The effect of adjuvant chemotherapy, transarterial che-
moembolization, or radiotherapy was assessed in 14 studies
(2289 patients). Administration of systemic chemotherapy
(fluorouracil, gemcitabine, or oxaliplatin based) did not affect
OS in any of the 5 studies; radiotherapy appeared to be ben-
eficial in 1 of 2 studies, and transarterial chemoembolization
seemed to prolong OS in all 3 studies that examined it; how-
ever, all 3 studies originated from the same center, although
they analyzed different time periods. Four studies looking at
the impact of adjuvant chemotherapy and/or radiotherapy did
not detect any effect on OS or RFS.

Prognostic Factors: Systematic Review

Among the 57 studies included in the systematic review, fac-
tors reported to predict a shorter recurrence-free interval on
univariate analysis included younger age (1 of 12 studies), larger
tumor size (5 of 14 studies), presence of multiple tumors (10
of 14 studies) or satellite nodules (5 of 6 studies), microvascu-
lar invasion (1 of 3 studies), major vascular invasion (5 of 8
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Table 1. Clinicopathologic Characteristics, Treatment, and Clinical Outcomes of Patients Assessed in the 42 Index Studies®

No. of

Patients/ Tumor LN Major Liver Lymph- Post-
Source Age, y/ Hepatitis MF  Size, Single Vascular  Metas- Resection/ adenec- operative 0sS,
(Country) Male Sex, % Cirrhosis B/C®  Type cm  Tumor Invasion tasis EHBD tomy CT/RT 3y/5y
Ariizumi et al,?* 140/.../73 25 15/34 100 43/20 56 /3 .../39
2011 (JP)
Uenishi et al,*° 133/62¢/61 99/21¢ 50 60 47 83/17 100 36/29
2008 (JP)
Igami et al,?2 61/61¢/57 3/8 100 69 98 38 84/54 85 ..[34
2011 (JP)
Shirabe et al,* 60/59/68 86 4.7° 43 47 47/31
2010 (JP)
Shimada et 74/.../62 62 46 ../51 70 36/31
al,*>2007 (JP)
Nanashima et 37/.../54 38 24 49 35/27
al,>42009 (JP)
Nakagawa et 28/.../61 61 79 50 68 ...[26
al,*” 2005 (JP)
Saiura et al,>° 44/65/66 2 2/5 93 5.7 66 66 59 91/27 55 56/43
2011 (JP)
Nakagohri et 56/66/70 77 82 38 79/43 38 42/32
al,>® 2008 (JP)
Kawarada et 37/63/41 22 100 59 57 85/... 100 46/11
al,>1 2002 (JP)
Miwa et al,*® 41/67/59 61 39 83/59 39 36/29
2006 (JP)
Murakami et 44/.../66 14/18 39  4.6° 45 91/43 52/...
al,2°2012 (JP)
Horino et al,*® 34/65/62 26 100 4.5 32 84 .../56
2012 (JP)
Wang et al,* 367/53/67 21 10/2 94 55 15 22 72472 100 429/... 41/35
2013 (CN)
Fu et al,* 2004 104/53/64¢ 35 25/... 100 33 37/... 17/10
(CN)
Jiang et al,® 344/.../58 14 28/... 100 75 17 100¢ 100¢ 279 32/21
2011 (CN)
Li et al,3 2009 56/.../57 64 54 23/...
(CN)
Lietal,2®> 2011 115/64°/56 28 21/... 76 5.6° 77 40 65/26 27/17
(CN)
Hu and Yan,2! 20/49/70 20 25/... 45 45 OLT/NA 33/22
2011 (CN)
Zhang et al,?° 40/56/60 30 73/45 28 3 3/5 33/28
2010 (CN)
Paik et al,** 97/.../66 18 74 5.0 86 24 93/... 52/31
2008 (KR)
Choetal,*° 63/61°/65 29/3 71 94 30 78/5 70 13/6 51/32
2010 (KR)
Choi et al,32 64/61°/67 61 58 27 91/... 80 53/40
2009 (KR)
Suhetal,® 69/.../83 49 14 48/...
2002 (KR)
Bunsiripaiboon 22/56/59 6.1¢ 16/5
etal,>22010
(TH)
Saxena et al,?” 40/60/53 8 63 6.5 28 73/... 35/... 48/28
2010 (AU)
Farges et al,® 212/63°/51 100 7.7¢ 41 44 37 86/18 30/... 43/28
2011 (FR)
Sulpice et al,'” 87/66/78 25 3/2 100 18 76/... 12/... 47/31
2013 (FR)
Lang et al,3® 83/62/42 7 57 41 34 90/... 17/... 38/21
2009 (DE)
Yedibela et al,3’ 45/59/62 4 2/4 100 73 13 67/... 40 42/... .../35
2009 (DE)
Ribero et al,” 434/65/56 10 9/12 90 6.0 68 53 26 70/... 86 27/2 47/33
2012 (IT)
Gomez et al,*? 27/57/33 0 0/0 85 41 89/... 38/... 16/16
2008 (UK)

(continued)
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Table 1. Clinicopathologic Characteristics, Treatment, and Clinical Outcomes of Patients Assessed in the 42 Index Studies?® (continued)

No. of

Patients/ Tumor LN Major Liver Lymph- Post-
Source Age, y/ Hepatitis MF  Size, Single Vascular  Metas- Resection/ adenec- operative 0s,
(Country) Male Sex, % Cirrhosis B/C®  Type cm  Tumor Invasion tasis EHBD tomy CT/RT 3y/5y
Robles et al,*° 23/54/61 26 9 OLT/NA 65/42
2004 (ES)
Tamandl et 74/63/39 52 29¢ 264 72/... 23/... 45/28
al,° 2008 (AT)
Clark et al,23 733/.../... 100/... 49 ..J23
2011 (US)
Fisher et al,*® 58/66/34 6.5 79 40 34 90/... 66 27/13
2012 (US)
Ellis et al,2® 31/62¢/32 100 6 94 90/... 40/...
2011 (US)
Endo et al,** 82/.../43 5 6.5 71 26 46 78/21 9 12
2008 (US)
Ali et al,*® 121/60/42 8 28 100/12 82
2013 (US)
Konstadoulakis 54/62/52 0 2/2 100 13 94/... 19 6/... 49/25
etal,*32008
(us)
Dhanasekaran 53/.../55 10 27 40 33/19
etal,’®>2013
(Us)
de Jong et al,’ 449/61/47 .. 65 73 31 30 76/... 55 28/50¢ 44/31
2011 (MN)

Abbreviations: AT, Austria; AU, Australia; CN, China; CT, chemotherapy;

DE, Germany; EHBD, extrahepatic bile duct; ellipses, not reported; ES, Spain;
FR, France; IT, Italy; JP, Japan; KR, South Korea; LN, lymph node;

MF, mass-forming; MN, multinational; NA, not applicable; OLT, orthotopic liver
transplant; OS, overall survival; RT, radiotherapy; TH, Thailand; UK, United
Kingdom; US, United States.

2 Data are given as percentage unless otherwise indicated.

®Single number indicates that type of hepatitis was not specified.

¢ Denotes mean value; age and tumor size are presented as median values
unless indicated otherwise.

d Data refer to a subpopulation of the study that was also assessed in another
study by the same center.

studies), or perineural invasion (2 of 5 studies). Other factors
prognostic of shorter RFS were positive surgical margin (R1vs
RO, 2 of 11 studies), lymph node metastases (11 of 15 studies),
poor tumor differentiation (7 of 10 studies), history of a major
hepatectomy (1 of 6 studies), administration of multiple blood
transfusions (1 of 5 studies), and receipt of preoperative che-
motherapy (1 of 1study). In contrast, factors not associated with
RFSincluded sex (12 studies), presence of concurrent chronic
hepatitis infection (hepatitis B in 2 studies and hepatitis Cin 1
study) or cirrhosis (2 studies), concomitant resection of extra-
hepatic bile ducts (4 studies), and the administration of post-
operative chemotherapy (3 studies).

Factors that predicted a shorter OS on univariate analysis
included age (older in 3 vs younger in 1 of 32 studies), sex (males
in 4 vs females in 1 of 32 studies), larger tumor size (15 of 35
studies), presence of multiple tumors (13 of 23 studies) or sat-
ellite nodules (5 of 7 studies), any vascular invasion (13 of 19
studies), microvascular invasion (4 of 7 studies), and perineu-
ral invasion (7 of 12 studies). Other factors associated with a
shorter OS included lymph node metastases (29 of 34 stud-
ies), a positive surgical margin (R1/R2 vs RO, 21 of 31 studies),
poor tumor differentiation (12 of 22 studies), a major liver re-
section (1 of 7 studies), concomitant resection of the extrahe-
paticbile ducts (2 of 6 studies), presence of cirrhosis (1 of 5 stud-
ies), concurrent chronic hepatitis B (1 of 10 studies), multiple
blood transfusions (2 of 6 studies), postoperative morbidity (1
of 2 studies), and administration of preoperative or postop-
erative chemotherapy (1 of 1 study). In contrast, administra-
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tion of postoperative adjuvant chemotherapy/radiotherapy was
associated with longer OS in 3 of 10 studies. The presence of
concurrent chronic hepatitis C infection was not associated
with OS in 3 studies. The factors analyzed in the 5 largest se-
ries (univariate and multivariate analyses) are presented in
Table 2.48

Prognostic Factors: Meta-analysis

Seven studies*>7:18:23:28:39 (2132 patients) were eligible for
meta-analysis. The forest plot for all comparisons is pre-
sented in Figure 2. The criteria for indirect estimation of
effect measures were not met for any comparison because of
differences in the sample size among the compared groups or
a high effect size. Men had a tendency toward shorter RFS
(HR, 1.03 [95% CI, 0.999-1.06]; 458 patients) and OS (1.11
[0.97-1.26]; 1625 patients). Older age was not associated with
RFS (1.02 [0.78-1.32]; 458 patients) but was associated with
shorter OS (1.10 [1.03- 1.17] for each 10-year increment; 1191
patients). Larger tumor size was also not predictive of RFS
(1.35 [0.78-2.33]; 458 patients); however, it was associated
with shorter OS (1.09 [1.02-1.16] for each 1-cm increment; 907
patients). Other factors associated with shorter OS included
the presence of multiple tumors (1.70 [1.43-2.02]; 1330
patients), lymph node metastasis (2.09 [1.80-2.43]; 1661
patients), vascular invasion (1.87 [1.44-2.42]; 1319 patients),
and poor tumor differentiation (1.41 [1.17-1.71]; 561 patients).
In contrast, a positive surgical margin did not affect OS (1.06
[0.49-2.32]; 583 patients) or RFS (0.89 [0.64-1.23]; 458
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Table 2. Factors Prognostic of OS of Patients With ICC Treated With Curative Intent,
as Reported in the Largest Published Series

Study No. of
Source (Country) Period Patients Prognostic Factors of Shorter 0S
de Jongetal,” 1973-2010 449 Not associated with OS: several factors (NR),? including biliary

2011 (MN [MC])

Ribero et al,® 2012 1990-2008
(IT [MCD)

Wangetal,¥2013 2002-2007
(CN)
Jiangetal,®2011  1998-2008

(CN)

Fargesetal,®2011 1998-2008
(FR [MC])

invasion or direct invasion of adjacent organs; univariate prognostic
factors: large tumor size, multiple tumors, vascular invasion, lymph
node metastasis; independent prognostic factors: multiple tumors,
vascular invasion, lymph node metastasis

434 Not associated with OS: age, sex, serum CEA, tumor macroscopic
type, perineural invasion, adjuvant treatment; univariate prognostic
factors: high serum CA 19-9, poor tumor differentiation, lymph
node metastasis, vascular invasion, large tumor size, multiple
tumors, radical resection; independent prognostic factors:
high serum CA 19-9, lymph node metastasis, multiple tumors

367 Not associated with OS: age, sex, hepatitis B, vascular invasion,
surgical margin (<1 vs 21 cm), presence of intact capsule, cirrhosis,
microvascular invasion; univariate prognostic factors: elevated
laboratory values (serum CEA, CA 19-9, total bilirubin, albumin,
GGT), blood transfusions, large tumor size, multiple tumors, lymph
node metastasis, vascular invasion, direct invasion, local
extrahepatic metastasis; independent prognostic factors:
high serum CEA and CA 19-9, large tumor size, multiple tumors,
lymph node metastasis, vascular invasion, direct invasion, local
extrahepatic metastasis

344 Not associated with OS: age, sex, hepatitis B, vascular invasion;
univariate prognostic factors: low serum albumin, high serum ALP
and CA 19-9, multiple tumors, large tumor size (210 cm), obscure
tumor boundary; independent prognostic factors: multiple tumors,
large tumor size, obscure tumor boundary, high serum ALP and CA
19-9

212 Not associated with OS: NR; univariate prognostic factors:
pathologic TNM stage, large tumor size, satellite nodules, vascular
invasion, lymph node metastasis, R1 resection; independent

Abbreviations: ALP, alkaline
phosphatase; CA; carbohydrate
antigen; CEA, carcinoembryonic
antigen; CN, China; FR, France;
GGT, y-glutamyltransferase;

ICC, intrahepatic cholangiocarcinoma;
IT, Italy; MC, multicenter;

MN, multinational; NR, not reported;
0S, overall survival.

2 The study stated that several factors

were examined and found to not
affect survival. Not all factors were
listed, but it was specifically
mentioned that biliary invasion and

prognostic factors: pathologic TNM stage

direct invasion of adjacent organs
did not affect OS.

patients). There was no publication bias, as evidenced in the
funnel plot of all combined risk factors (Figure 3).

.|
Discussion

Although the incidence of ICC continues to increase world-
wide, it remains a relatively rare disease. Most institutions
have limited experience with ICC, and fewer centers have an
extensive surgical practice of patients with ICC. In turn,
data on surgical management of ICC largely comprise small
series from individual institutions. The small sample size of
these cohorts may influence the ability to accurately exam-
ine the potential effect that certain factors may have on out-
comes. This may explain, in part, the heterogeneity
reported in the literature regarding whether certain factors
are associated with long-term outcomes. In the present
study, we pooled individual data from previous reports to
examine a larger cohort of patients with ICC to facilitate
identification of possible prognostic factors as well as to
better understand the prognosis of patients with ICC. The
present study is important because we amassed a large
cohort of patients with ICC (N = 4756) from 42 index studies
to pool the available data for systematic review. In doing so,
we were able to provide a broad overview of the available
literature on ICC and better define the published data on the
treatment and prognosis for patients with ICC. Specifically,
we found that tumor-specific factors, such as age, tumor
size, tumor number, lymph node metastasis, and vascular
invasion, were associated with shorter OS.

JAMA Surgery June 2014 Volume 149, Number 6

In this comprehensive systematic review, 5-year OS fol-
lowing curative-intent surgery rarely exceeded 30% to 35%, and
median aggregate overall survival was only approximately 28
months. In the subset of data from the 5 largest studies,*® the
median and 5-year OS ranged from only 18 to 33 months and
from 21% to 35%, respectively. These data are sobering, espe-
ciallyinlight of the fact that surgical margins were microscopi-
cally clear (RO) in most cases (74%; range, 37%-93%). Collec-
tively, these data strongly suggest that ICC has an aggressive
natural history with a guarded prognosis despite curative-
intent surgical extirpation of all measurable disease. Consis-
tent with this, we noted that recurrence was common follow-
ing surgical resection, with only 2% to 39% of patients being
recurrence free at 5 years. Although the most common recur-
rence site was the liver, recurrent ICC can develop almost any-
where, as evidenced by the many other sites reported where
ICCreappeared. Unfortunately, administration of adjuvant che-
motherapy or radiotherapy did not appear to influence sur-
vival. The recent Advanced Biliary Cancer 02 trial®® showed
that response and progression-free survival were better using
doublet therapy with gemcitabine and cisplatin vs gem-
citabine alone among patients with inoperable biliary tract can-
cer. Future trials will need to investigate the role of adjuvant
therapy—especially among patients at the highest risk for re-
currence and death.

The poor prognosis following surgical resection of ICC is
probably multifactorial. The prognosis may be related in part
to the fact that many patients present with advanced disease.
In reviewing the current literature, we noted that most
patients presented with large tumors (median size, 5-8 cm),
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Figure 2. Forest Plot Depicting the Hazard Ratios (HRs) of Overall Survival for the Examined Risk Factors

Risk Factor HR IV, Random (95% CI) Without Risk Factor : With Risk Factor Weight, %

Older age
Tamandl et al,39 2008 (Austria) 1.20(0.82-1.75) e 3.1
Bunsiripaiboon et al,28 2010 (Thailand) 1.30(0.92-1.84) e 3.7
Wang et al,% 2013 (China) 1.06 (0.95-1.19) L 3 34.1
Clark et al,23 2011 (US) 1.10(1.01-1.20) [ | 59.2
Subtotal (95% Cl) 1.10(1.03-1.17) 0 100.0
Heterogeneity: 12=0.00; x2=1.49; df=3 (P=.68); 12=0%
Test for overall effect: Z=2.70 (P=.007)

Male sex
Bunsiripaiboon et al,28 2010 (Thailand) 1.50 (0.58-3.88) e 1.9
Tamandl et al,3° 2008 (Austria) 1.10(0.48-2.52) —_—— 2.5
Ribero et al,> 2012 (Italy) 1.22(0.92-1.62) —m— 21.1
Wang et al,* 2013 (China) 1.01(0.77-1.33) —— 23.6
Clark et al,23 2011 (US) 1.10(0.92-1.32) ' 50.9
Subtotal (95% Cl) 1.11(0.97-1.26) 100.0
Heterogeneity: 12=0.00; x2=1.26; df=4 (P=.87); 12=0%
Test for overall effect: Z=1.55 (P=.12)

Large tumor size
Bunsiripaiboon et al,28 2010 (Thailand) 0.92 (0.77-1.10) cms 9.0
Tamandl et al,39 2008 (Austria) 1.24(1.11-1.38) - 17.6
Wang et al,# 2013 (China) 1.10(1.07-1.14) || 36.3
De Jong et al,” 2011 (multinational) 1.05(1.02-1.08) ] 37.1
Subtotal (95% CI) 1.09(1.02-1.16) 100.0
Heterogeneity: 12=0.00; x2=14.41; df=3 (P<.001); 12=79%
Test for overall effect: Z=2.70 (P<.001)

Multiple tumors
Bunsiripaiboon et al,28 2010 (Thailand) 0.86 (0.35-2.12) e 3.7
Fisher et al,18 2012 (US) 1.73(0.77-3.89) —_— 4.5
Wang et al,# 2013 (China) 1.39(0.89-2.17) —— 15.2
Ribero et al,> 2012 (Italy) 1.83(1.37-2.45) —— 349
De Jong et al,” 2011 (multinational) 1.82(1.39-2.38) —— 41.8
Subtotal (95% Cl) 1.70(1.43-2.02) < 100.0
Heterogeneity: 12=0.00; x2=3.45; df=4 (P=.49); 12=0%
Test for overall effect: Z=6.02 (P<.001)

Lymph node metastasis
Fisher et al,18 2012 (US) 2.45(1.05-5.73) —_— 3.1
Tamandl et al,3% 2008 (Austria) 2.23(0.99-5.03) —_— 3.4
Ribero et al,> 2012 (ltaly) 2.56 (1.82-3.61) —— 19.2
Wang et al,# 2013 (China) 1.92(1.46-2.53) —— 29.2
Clark et al,23 2011 (US) 2.00 (1.60-2.50) - 45.1
Subtotal (95% CI) 2.09 (1.80-2.43) < 100.0
Heterogeneity: 12=0.00; x2=2.01; df=4 (P=.73); 12=0%
Test for overall effect: Z=9.66 (P<.001)

Vascular invasion
Tamandl et al,39 2008 (Austria) 3.36 (1.36-8.30) - 7.5
De Jong et al,” 2011 (multinational) 1.69(1.02-2.79) —— 19.9
Wang et al,# 2013 (China) 2.18(1.58-3.01) —— 35.2
Ribero et al,5 2012 (Italy) 1.51(1.11-2.05) 37.4
Subtotal (95% Cl) 1.87 (1.44-2.42) S 100.0
Heterogeneity: 12=0.02; x2=4.51; df=3 (P=.21); 12=33%
Test for overall effect: Z=4.68 (P<.001)

Positive surgical margin
Fisher et al,18 2012 (US) 0.59 (0.17-2.02) = 19.9
Bunsiripaiboon et al,28 2010 (Thailand) 0.56 (0.18-1.72) —_—l 21.8
Tamandl et al,3° 2008 (Austria) 1.05(0.35-3.13) - 223
Ribero et al,> 2012 (Italy) 2.17 (1.50-3.15) —— 36.1
Subtotal (95% Cl) 1.06 (0.49-2.32) e 100.0
Heterogeneity: 12=0.41; x2=9.04; df=3 (P=.03); 12=67%
Test for overall effect: Z=0.15 (P=.88)

Poor tumor differentiation
Fisher et al,18 2012 (US) 2.23(0.92-5.41) - 4.6
Ribero et al,> 2012 (Italy) 1.50 (1.10-2.04) —— 37.7
Tamandl et al, 39 2008 (Austria) 1.31(1.02-1.68) 3 = 57.7
Subtotal (95% Cl) 1.41(1.17-1.71) <o 100.0
Heterogeneity: 12=0.00; x2=1.51; df=2 (P=.47); 12=0%
Test for overall effect: Z=3.57 (P<.001) T T T

0.1 1.0 10
HR 1V, Random, (95% CI)

Vertical line indicates the no difference point between the 2 groups: square, HR; diamond, pooled HR for all studies; and horizontal lines, 95% Cl. df Indicates
degrees of freedom; IV, inverse variance; and US, United States.
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Figure 3. Funnel Plot Depicting the Effect of All Risk Factors
on Overall Survival
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The dashed vertical line indicates the summary estimate of risk factor effect.

and approximately one-third had lymph node metastasis. In
turn, each of these factors was noted to affect long-term sur-
vival (tumor size: HR, 1.09 [95% CI, 1.02-1.16] for each 1-cm
increment; lymph node metastasis: 2.09 [1.80-2.43]).
Although lymph node status has been strongly associated
with prognosis in almost all studies,*® data on tumor size
have been more disparate, with some studies finding no
effect of tumor size?>-3%48 and other larger studies showing
that size affected survival.*® Previously, the failure to iden-
tify an effect of tumor size on OS may be explained by the
limited number of patients with small (eg, <5 cm) tumors
included in many prior studies. By pooling data into a meta-
analysis, we were able to overcome the limitation of sample
size. In turn, we also were able to better define the effect of
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