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Abstract

Extrahepatic bile duct cancer (EBDC) is a combined type of malignancy mainly
consisting of extrahepatic cholangiocarcinoma and gallbladder cancer. Clinically, it
is featured with latent symptoms and early metastasis, leading to a poor prognosis.
Therefore, this cohort study aimed to depict the possible metastatic patterns of EBDC
of diverse sub-types and evaluate the prognostic significance of diverse metastatic
destinations with data from the clinical database. Relevant data of total 4061 con-
firmed EBDC patients diagnosed between 2010 and 2013 from the Surveillance,
Epidemiology and End Results (SEER) database was obtained. We applied ¢ test to
describe the baseline data of patients included and used chi-square test to compare
the distribution of distant metastatic sites. We further adopted odds ratio assess the
combined metastatic patterns and compared survival difference of patients with dif-
ferent distal metastasis organ by Kaplan-Meier analysis. We identified totally 4061
patients over 18 years old diagnosed with extrahepatic bile tract malignancies be-
tween 2010 and 2013, with clear metastatic status and follow-up data, without pri-
mary malignancies. Liver and distant lymph (DL) are the two most common sites as
a single metastasis organ. In combined metastasis patterns, bi-organ is more frequent
than the other types. Lung is the organ preferentially for bi-organ metastasis, while
bone and distant lymph similarly intend to co-metastasize with brain. Distal metasta-
sis in EBDC patients indicates an extremely poor prognosis. According to the final
analysis results, malignancies in extrahepatic bile duct exhibit similar metastatic pat-
terns, suggesting that we can regard them as a unity to assess its development.
Profound differences exist in distribution of distant extrahepatic metastatic sites and
their combinations. Results from our studies would provide some information for

follow-up strategies and future studies.
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1 | INTRODUCTION
Extrahepatic bile duct cancer (EBDC), as a large group of
malignancies, consists of cancer in perihilar and distal ex-
trahepatic bile duct (extrahepatic cholangiocarcinoma, EC)
as well as in the gallbladder (gallbladder cancer, GC).!?
Compared with its counterpart occupied in the liver
(roughly 5%-10% of total cholangiocarcinomas), which
is currently classified as primary liver cancer.>* EBDC is
unique not only from the perspective of anatomy, but also
from epidemiology, pathogenesis and its further develop-
ment compared with other malignancies.‘c”6 Over 12 000
cases of extrahepatic biliary tract cancers are diagnosed
annually in the United States, more than 60% are gallblad-
der cancers. The rest, approximately 3000 cases per year,
are extrahepatic cholangiocarcinomas.’” Although the inci-
dence seems to remain stable currently in the USA, this
type of cancer can initially be symptom-free and diagnosed
at a relatively late stage. Thus, when cases are confirmed,
most of them are locally and distally advanced which can
be extremely lethal ®
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By far, surgical resection remains to be the only poten-
tially curative treatment for EBDC.’ Still, patients receiv-
ing curative surgical resection end up with disappointing
prognosis. Previous studies stated that 5-year survival rates
vary between 12% and 54 % in spite of radical surgeries.lo’11
This frustrating prognosis is mainly attributed to the early
distal metastasis and local recurrence.'? Perihilar EBDC
is characterized by intrahepatic ductal extension, making
liver, the adjacent organ as a common site for early me-
tastasis.' Although surrounding structure can be primarily
spread, distant metastasis occurring late in the course of
these diseases are most often found in the liver, lung, and
peritoneum, which are similar in both perihilar and distal
EBDC."* Yet the pattern of EBDC metastasis still requires
further investigation. Also whether diverse metastatic des-
tinations are consistent with different prognosis needs solid
clinical evidence. We aimed to elaborate the correlation be-
tween different metastatic lesions and prognosis of EBDC
patients, using data extracted from the SEER database.
And we wished to conclude the basic pattern of EBDC
distal metastases.

Patients diagnosed with extrahepatic bile
tract malignancy, 2010-2013
N =5293

Not first primary malignancy

A 4

N =891

Y

First primary extrahepatic bile tract
malignancy

N = 4402

Age under 18 years

A 4

N=1

A

All ages

N = 4401

Unknown metastatic status or follow-up data

\ 4

N =340

y

FIGURE 1
inclusion in this cohort study

Flowchart of patient

Final study cohort

N = 4061
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" 2 | METHODS
=
E
N o .
s = =& 2.1 | Cohort population
~ 3 !
% % g g We established the cohort study using data extracted fr0r1.1 the
o[> 7 - = Surveillance, Epidemiology and End Results (SEER) national
g %) S @ database. The detailed cohort selection procedure was summa-
& 3 : 3 . . .
£ - & 2y =S rized (Figure 1). In short, we identified totally 4061 patients over
i % 2 3 S 18 years old diagnosed with extrahepatic bile tract malignancies
O (& .
alz ~ o between 2010 and 2013, with clear metastatic status and follow-
2 3 g up data, without primary malignancies. At the very beginning,
E 9 v we intended to include multiple metastatic sites for a brand view.
= However, the SEER database contains metastatic information only
= g = § E gf/ in bone, brain, liver, lung, and distal lymph nodes (DL), which can
% - o = > Q basically cover extensive metastatic organs for EBDC. Approval
é = - = 2 was obtained from the Shanghai Huashan hospital Review Board,
g % = Q I and a data use agreement was signed for this project.
g g g & g4
Slgtc T C c <
21T = 3 3 5 8 .. .
52 % 8 8% 2.2 | Statistical analysis
% § § Demographic and clinical characteristic analysis of populations
;: = v were performed by descriptive statistics. We analyzed frequency
distribution among different metastatic organs, comparing them
= = = s & ; ! .
S ?E 5 :vf g @ by the odds ratio calculation. Overall survival and cancer-specific
2 ;? a = a ¥ S survival among different metastatic sites was analyzed with
é Kaplan-Meier curves and log-rank test. Statistical significance
£ § f % S was considered at two-sided P value <0.05. The statistical analysis
E‘J S % -% S/ % % applied statistical software packages Excel (Microsoft Excel, Inc.
g < ; .
2l ¢ § S§ % Microsoft, USA) and SPSS 20.0 (SPSS, Inc., Chicago, IL, USA).
E
s g a6
= g
S = E 3 | RESULTS
~ >
S ) N « = . . ge
€S¢ 2 d dd g 3.1 | Patient characteristics
2l & = = g 28 3 ,
g~ 5 Among the 4061 patients we finally selected from SEER
)z 2 . . .
: © ) % o & % database, 496 cases (12.2%) are perihilar bile duct
Elo &8 & & 8§ =
-] § o)} o [«)} [Sa ) g 2 .
::% s S e S ¥ 3 % é 405 B Extrahepatic
il _ cholangiocarcinoma
B s 5 e o Gallbladd r
= 3 Q 2 = =301 — Bl Gallbladder cance
B s &% o
< 38 5
a2 A2 = ~ ~ <3 o 204
€3 2 2 29 :: £
o I = o <+ o 2 F b
g |~ = c 3 8 .,. .
z = = = ~ =~ £33 2 —
2 ® x5 N x X
3 El.38 8 g 338 %% "
: e & 8 B s f & & & o
sElz2s ¥ & Sk 3 RN
g =
U Q‘: - -
- 3 2 o 5 S 33 Metastatic site
- T 5 23 § s 253
E § % 5 % 7] 5 -é :_‘g E‘ £ E FIGURE 2 Distribution of distant metastatic sites according to
> s Ej 3 é 3 8 '—g fé 2 é '§ EBDC classification (extrahepatic cholangiocarcinoma and gallbladder
51 < £ , .
: 6 P IS cancer). DL, distant lymph. *P < 0.05, ***P < 0.01 (Chi-square test)
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cholangiocarcinoma, 663 cases (16.3%) are distal bile duct
cholangiocarcinoma, and 2902 cases (71.5%) are gallbladder
cancer. The clinical baseline characteristic data indicated that
basically there was no significant difference in gender, mari-
tal status, age, and race among these four metastatic organs
(Table 1). Although the race analysis suggested that African-
American patients may have a higher risk for possible liver
metastasis, the results may have something to do with social-
economic background. It requires further investigation.

32 |

Based on the original tissues of the malignancies, we clas-
sified EBC into extrahepatic cholangiocarcinoma and gall-
bladder cancer for metastatic distribution comparison. It is
clearly shown that both types of EBC had significantly higher
possibilities to metastasize into liver than the other four sites
(EC: 49.82%, GC: 53.10%). Notably, DL metastasis is more
commonly seen than lung, bone and brain (EC: 5.96%, GC:
5.56%) as well (Figure 2).

For EBC tumor characteristics, most metastatic organs
(except for the brain) exhibited a similar trend that the higher
grade poorly differentiated or undifferentiated the tumors

Metastatic pattern

A

m Only liver
mOnly DL
= Only lung
= Only bone
® Two sites
= Three sites
Four sites
u Other

m Only liver

= Only DL

= Only lung

= Only bone

® Only brain

® Two sites

= Three sites
Four/Five sites

= Other

FIGURE 3 Relative rates of single and combined metastatic
sites in extrahepatic cholangiocarcinoma (A) and gallbladder cancer
(B). DL, distant lymph
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Odds ratio
Liver mets >9.99
Lung mets 2 5-9.99
Bone mets 0.2-4.99
Brm 0.1-0.19
DL mets Y [P <0.10 I

mets
Brain mets
Bone mets
Lung mets
Liver mets

DL

FIGURE 4 Odds ratio comparison among different metastatic
combinations

were, the more likely for them to metastasize. This is con-
sistent with our conventional view that poorly differentiated
tumors tend to metastasize. Also it seems that larger EBC
tumors are more likely to metastasize to lung, liver and DL.
Different sites of EBC showed no significantly diverse in-
tends to brain, lung and bone metastasis. However, perihilar
bile duct cholangiocarcinoma and gallbladder cancer are two
types of EBC with a higher likelihood for liver metastasis,
while distal duct cholangiocarcinoma may come with a lower
likelihood compared with the other two types.

3.3 | Combination of metastasis

Many patients are diagnosed with more than one metastatic
lesion simultaneously or sequentially. The pie chart showed

TABLE 2 Survival analysis in diverse metastatic organs
Univariate analysis
Log rank xz
Parameter 1-year OS (%) test P
Liver
No metastasis 50.0 514.882 <0.01
Metastasis 15.6
Lung
No metastasis 43.3 96.659 <0.01
Metastasis 12.7
Bone
No metastasis 42.7 67.853 <0.01
Metastasis 9.7
Brain
No metastasis 42.1 18.644 <0.01
Metastasis 0.0
Distal lymph nodes
No metastasis 43.1 62.666 <0.01
Metastasis 20.1
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tastasis patterns in both EC and GC patients (Figure 3). As
previously stated, liver and DL are two leading metastatic
sites as a single metastasis for EBDC. For combined me-
tastasis, bi-site pattern (EC: 16.49%, GC: 13.75%) is pre-
dominantly higher than tri-site (EC: 3.16%, GC: 3.19%) and
tetra-site pattern (EC: 1.05%, GC: 0.18%). For a better un-
derstanding of the specific distribution of bi-site metastasis,
we compared the odds ratio of each possible combination
between all five sites (Figure 4). Lung metastasis turned out
to be the most common site for bi-site combined metasta-
sis (ORs of combined metastasis with liver, bone, brain, and
DL are 7.918, 6.252, 10.874 and 7.744 separately). Liver
metastasis specially correlates with lung metastasis. Their
combined co-metastasis is far more frequent than any other
co-metastasis combined with liver. Bone metastasis also
preferentially intends to co-metastasize with brain besides
lung (OR: 9.756), which is similar to the pattern of DL me-
tastasis (OR: 6.808).

In this cohort study, we observed 2558 deaths (63.0%) among
4061 patients and calculated one-year overall-survival (OS;
Table 2). The one-year OS differences between patients with
or without metastasis in all five sites are extraordinarily (with
P <0.0001) large (liver 50.0% vs 15.6%, lung 43.3% vs
12.7%, bone 42.7% vs 9.7%, brain 42.1% vs 0.0%, DL 43.1%
vs 20.1%). Quantified survival analysis data of the CSS can
be better intuitively seen in the Kaplan-Meier survival curves
(Figure 5). We further compared survival differences be-
tween different bi-organ metastasis patterns among the four
solid organs (lung, liver, bone and brain). The survival curves
described the varied prognosis of statistical significance
(Figure 6). As these figures clearly indicated, combined brain
metastasis resulted in worse prognosis than the other organs.
And bone combined lung metastasis ended up worse than the
separated single metastasis. Surprisingly, like the combina-
tion between lung and liver, also between liver and bone,
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FIGURE 6 Kaplan-Meier analysis
of cancer-specific survival comparisons in
patients with differed bi-organ metastasis
patterns

bi-organ metastasis actually suggested no worse ending that
the separated single metastasis.

4 | DISCUSSION

Extrahepatic bile duct cancer has been known as asympto-
matic free in the early phases, thus distal metastasis often
occurred when initially diagnosed.1 Understanding the meta-
static pattern and preferential metastasis distribution will be
beneficial to optimal treatment selection and better progno-
sis. In this cohort study, we mainly clarified the following
three points: (a) Identifying the distribution of a single organ
distal metastasis of EBC. (b) Concluding the combined meta-
static patterns and their respective odds ratio. (c) Analyzing

survival rates of different metastatic patterns. It is hoped that
these results can be meaningful in a clinical environment.
Conventional belief stated that extrahepatic cholangiocar-
cinoma and gallbladder cancer intend to invade retrogradely
along the bile duct into the liver."* Our study further verified
the belief with minor correction that distal duct cholangiocar-
cinoma may be less associated with liver metastasis in compar-
ison with the other two types (liver metastasis is still the major
metastasis organ compared with brain, lung, bone and DL).
This may be consistent with the relatively further anatomical
position. DL metastasis is one common site for metastasis.
Although perihilar cholangiocarcinoma and distal chol-
15 the
former spreads along perineural and periductal lymphatic chan-
nels. Hilar and pericholedochal nodes in the hepatoduodenal

angiocarcinoma may differ in regional invasive pattern,
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ligament are most commonly involved." The latter is the same
as exocrine cancer of the pancreatic head (along the common
bile duct, common hepatic artery, portal vein, posterior and
anterior pancreaticoduodenal nodes and nodes along the right
lateral wall of the superior mesenteric artery).16 But in a view
of distant metastasis, we might be able to treat different types
of EBC as a unity for liver, lung and peritoneum (not shown in
this study) metastasis, which are common target organs for all
three types of EBDC, as data suggested in this study.

Most demographic parameters (age, marital status and
gender) seem irrelevant with EBDC metastatic distribution
except for race. Our study indicated that African-American
patients had a higher risk of liver metastasis. As a mat-
ter of fact, previous studies did demonstrate that patients
of different races may show diverse metastatic intends."”
Whether this otherness is correlated with genetic back-
ground or affected by social-economic factors requires fur-
ther investigations.

Combined metastasis of EBDC has not been well focused
by researchers by far. Clearly bi-organ metastasis of EBDC
are not randomly combined by any two distal metastatic sites,
even though we concluded that liver is the most common
metastatic site. Liver actually does not preferentially metas-
tasize with other organs (except for lung) as indicated by the
odds ratio comparison (OR 0.2-4.99). The SEER database
does not have the data for the sequence of combined metasta-
sis, so we may be unable to clarify the sequential relationship
between lung and other metastatic organs. However, lung is
the most common metastatic organ in combined metastasis.
This would be of great significance in screening and organ-
targeted treatment for metastatic EBDC patients.

Beyond the described metastatic patterns, we found the
distinct prognostic significance in differed combined metas-
tasis, which may be a challenge to our conventional knowl-
edge. Not all spontaneous bi-organ metastasis have a worse
prognosis than a single metastasis. This data-based study may
not be able to come forward with an explanation or hypoth-
esis to this result. It is hoped that this meaningful question
could be an inspiration for further explorations.

As far as we are concerned, this SEER-based study is
among the pioneering work beginning to view EBDC as a
brand unity and explored its metastatic pattern based on di-
rect clinical data. As a retrograde cohort study, its limitations
are obvious. Primarily, all the patients enrolled were diag-
nosed between 2010 and 2013. Moreover, as we mentioned,
metastatic information retrieved from the SEER database is
restricted to only five sites. That is to say, we might ignore
metastasis in other parts, which are not mentioned in the
database (like peritoneum for EBDC). Also, the metastatic
data we studied was synchronous metastasis at the time of
diagnosis, implying that we do not know its future develop-
ment. For example, Brain metastasis is usually the late-stage
phenomenon, which may not be shown at the diagnosis. In a
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word, based on the differences of metastatic patterns in a sin-
gle organ or combined metastases, we suggest that clinicians
could take the primary tumor site or first metastatic site into
account when designing diagnostic and treatment algorithms.

To sum up, in this SEER-based cohort study, we found that
EBDC (mainly classified into extrahepatic cholangiocarci-
noma and gallbladder cancer) metastasize in a similar pattern
among different primary sites. Liver and DL are two com-
mon sites for a single-organ metastasis. African-American
EBDC patients are even at a higher risk for liver metastasis.
Combined metastasis in EBDC are most commonly occur
with bi-organ metastases, and lung is the organ preferentially
for bi-organ metastasis, indicating patients with lung metas-
tasis might have a higher risk for metastasis in liver, bone,
brain and DL.
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