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ABSTRACT

Introduction and aim. The carcinogenesis of tubular and papillary cholangiocarcinoma (CCA) differ. The available epidemiologic
studies about risk factors for CCA do not differentiate between the tubular and papillary type. The current study investigated the re-
lationship between the number of repeated use of Praziquantel (PZQ) treatments and each type of CCA. Material and methods.
This was a hospital-based, matched, case-control study of patients admitted to Srinagarind Hospital, Khon Kaen University. The pa-
tients were 210 pathologically-confirmed cases of CCA, while the controls were 840 subjects diagnosed with other diseases. The 4
controls were individually matched with each case by sex, age, and date of admission. The cases were classified according to loca-
tion (intrahepatic vs. extrahepatic) and cell type (papillary vs. tubular). Multivariable conditional logistic regression was used for the
analysis. Results. After adjusting for confounders, there were statistically significant associations between intrahepatic and papil-
lary CCA and repeated use of PZQ treatment. The respective odds of developing intrahepatic CCA for those who used PZQ once,
twice, or more was 1.54 (95%Cl:0.92-2.55 ), 2.28 (95%Cl:0.91-5.73), and 4.21 (95%Cl:1.61-11.05). The respective odds of develop-
ing papillary CCA for those who used PZQ once, twice, or more was 1.45 (95%Cl:0.80-2.63), 2.96 (95%Cl:1.06-8.24), and 3.24
(95%CI:1.09-9.66). There was no association between number of uses of PZQ treatment and developing extrahepatic or tubular
CCA. Conclusion. The current study found an association between papillary and intrahepatic CCA and repeated use of PZQ treat-
ment. We suggest further study on the risk factors for papillary and tubular CCA should be performed separately.
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INTRODUCTION

Cholangiocarcinoma (CCA) remains an important
public health problem in many parts of the world. Al-
though most patients with CCA do not have any apparent
risk factors, several risk factors have been confirmed in-
cluding hepatolithiasis, toxins, biliary tract disorder, and
parasitic infection.!? The liver flukes associated with CCA
include Opisthorchis viverrini® and Clonorchis sinensis.*>

Opisthorchiasis-induced CCA has been studied exten-
sively. Numerous government policies have been imple-
mented to eradicate O. viverrini infection; such as
promoting consumption of cooked fish and providing
anti-helminthic drugs, but the problem persists.°

The standard treatment for O. viverrini is Praziquantel
(PZQ), which is effective against almost all flat worm par-
asites. Although the safety of a single treatment with PZQ
has been demonstrated,”® there is concern regarding the
potential harm of repeated treatments with PQZ.? Our
team reported that repeated PQZ treatment is associated
with an increased risk of CCA.!? Since the use of PZQ is
associated with eating raw fish,!! we concluded that re-
peated PZQ treatment may be a surrogate marker for eat-
ing raw fish and O. viverrini infection rather its than causing
CCA itself.!?

Cholangiocarcinoma is a heterogeneous group of bile
duct cancers currently classified as intrahepatic and extra-
hepatic CCA), the second order bile ducts (intrahepatic
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segment ducts) representing the separation point. Tu-
mours proximal to the right or left hepatic duct are con-
sidered intrahepatic (ICC) (Figure 1), while extrahepatic
CCA (ECC) is divided into perihilar (proximal) and dis-
tal, at the cystic duct junction. ICC has been classified ac-
cording to growth patterns as:

* The mass-forming type.
* The periductal infiltrating type (PI).
* The intraductal growing type (IG) (Figure 1).

The latter two can turn into a focal liver mass if there is
invasion of the liver parenchyma. The PI and IG arising
from the intrahepatic large bile duct are comparable to flat
or nodular-infiltrating and polypoid lesions, respectively,
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of the extrahepatic large bile duct. Unique pre-invasive le-
sions appear to precede the individual gross types of
CCA."? Biliary intraepithelial neoplasia -a flat dysplastic
lesion- precedes periductal-, flat-, and nodular-infiltrating
CCAs by way of a metaplasia-dysplasia sequence, whereas
intraductal papillary neoplasms of the bile duct (IPNB)
precede intraductal-growth and papillary types of CCAs
by way of an adenoma-carcinoma sequence.'*> Owing to
the described differences in pathogenesis between these
two types of bile duct tumor, we hypothesized that the
risk factors for the two would also be different; however,
the available epidemiological studies regarding the risk
factors of CCA do not differentiate between the tubular
and papillary type.

To achieve a better understanding of the association be-
tween the repeated use of PZQ treatment and the types of
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Figure 1. Pathological features of two major types of large duct intrahepatic cholangiocarcinoma. A,B. Tubular adenocarcinoma. A. Periductal infiltrating
type. The carcinoma spreads along the intrahepatic bile duct (arrow). B. The tubular-forming carcinoma glands infiltrate the bile wall. Note how the desmo-
plastic reaction compresses the glands. The surface epithelia at the luminal surface are denuded. C,D. Papillary carcinoma (invasive IPNB). C. The intraduct-
al polypoid tumour presents in the dilated intrahepatic biliary tree (arrow). Multiple white nodules of invasive carcinoma locate in the liver parenchyma (asterisk).
D. Neoplastic biliary epithelia show papillary growth in the dilated lumen (arrow). The carcinoma invading the bile duct wall (white asterisk) and infiltration in

the nearby liver tissue (asterisk).
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CCA, we investigated the relationship between the
number of times PZQ treatment was used with respect to
each type CCA.

MATERIAL AND METHODS

This was a hospital-based, matched, case-control study
of patients admitted to Srinagarind Hospital, Khon Kaen
University. The data used for the analysis were the same as
those compiled for our previous study, which included
210 pathologically-confirmed cases of CCA and 840 con-
trols.

The inclusion criteria follow. Cases included newly
admitted cases of pathologically-confirmed CCA diag-
nosed between September 1, 2012, and July 31, 2014, at Sri-
nagarind University Hospital. We included primary
adenocarcinoma of the biliary tree, excluding the gallblad-
der or ampullary carcinomas. Among the CCAs, we ex-
cluded the rare variants; i.e., clear cell and spindle cell
types and the mixed type (cholangiocellular carcinoma)
which arise from the bile ductule and account for < 3% of
cases. The included cases were sub-grouped into:

* The papillary carcinoma group with gross or micro-
scopic evidence of invasive IPNBs.

* The group without evidence of IPNBs, non-papillary-,
or tubular carcinoma.

The latter two groups were further divided into the
ICC or ECC group.

The four controls were individually-matched with each
case by sex, age (within five years), and date of admission
(within three months). The controls were selected from
among patients admitted between September 1, 2012, and
July 31, 2014, to the Department of Otolaryngology, Oph-
thalmology, Rehabilitation, and Orthopedics, at Srinagar-
ind University Hospital. The controls had no history of
hepatobiliary disease or any other malignancy; as deter-
mined by reviewing the medical records.

Both the cases and controls:

*  Were able to speak and understand Thai.

* Had sufficient cognitive function to provide reliable
information.

¢ Signed the informed consent before participating in
the study.

The factor of interest was the number of PZQ treat-
ments, which was categorized into four groups:

¢ Never used.

e Used once.

e Used twice.

e Used more than twice.

The dosage used for treatment of opisthorchiasis in the
endemic area is a single dose after meals (40 mg/kg body-
weight).

Ethical considerations

The Institutional Review Board (IRB), Office of Hu-
man Research Ethics, Khon Kaen University, reviewed
and approved the study (HE591237).

Outcome variables

Data were collected through face-to-face interviews
conducted by a trained interviewer using a standardized
pre-tested questionnaire. The variables included demo-
graphic data, detailed history of O. viverrini infection, to-
bacco use, alcohol use, family history of cancer, history of
pesticide use, and number of PZQ treatments. The fre-
quency of PZQ treatment was categorized into four
groups (viz., never, once, twice and more than twice). The
data were entered into a computer using the Online Medi-
cal Research Tools, OMERET, and were verified using
STATA statistical software.

Statistical analysis

The demographic characteristics of the cases and con-
trols are described. Frequency counts and percentages
were used for the categorical variables. Multivariable con-
ditional logistic regression was used to compute the ad-
justed odds ratios and their 95% confidence intervals
(95%Cls) in order to investigate the effect of the number
of repeated PZQ treatments on CCA, while controlling
for the effects of confounding variables. Enter elimination
was used as the model fitting strategy. A likelihood ratio
test was performed to assess the goodness-of-fit of the fi-
nal model.

All analyses were performed using STATA version 10.0.
All test statistics were two-sided, and a p-value of < 0.05
was considered statistically significant.

RESULTS

The majority of CCA cases and controls was male
(60%). The mean age of cases and controls was 60.2 and
59.8 years, respectively. The mean difference of admission
date between cases and controls was 27 (min = 0, max =
106) days. Most of both the cases and controls were mar-
ried (80%). Almost all participants were Thai nationals and
of the Buddhist faith.

Of the 210 CCA cases, 108 were the intrahepatic type
and 102 the extrahepatic type, according to location of the
tumor. There was no statistically significant difference be-
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tween these two groups in number of PZQ treatments,
highest educational attainment, smoking behavior, alcohol
consumption, raw fish consumption, fermented fish con-
sumption, or family history of cancer. When CCA cases
were differentiated according to the cell type of the tu-
mor, 128 were tubular CCA and 82 papillary CCA. There
were some differences in smoking behavior and alcohol
consumption between the tubular and papillary type of
CCA (Table 1).

The results of association analysis between number of
PZQ treatment and each type of CCA—according to the
location and cell type of the tumor—are shown in tables 2-
5. After adjustment for smoking behavior, alcohol con-
sumption, history of cancer in family, and consuming raw
freshwater fish, statistically significant associations were
confirmed between intrahepatic or papillary CCA and re-
peated use of PZQ treatment. Using subjects who had nev-
er used PZQ as the reference group, the odds ratio for
developing intrahepatic CCA for those who used PZQ
once, twice and more than twice was 1.54 (95%CI:0.92-
2.55), 2.28 (95%CI:0.91- 5.73), and 4.21 (95%CI:1.61-
11.05), respectively (Table 2). The respective odds ratio of
developing papillary CCA for those who used PZQ once,
twice, and more than twice was 1.45 (95%CI: 0.80-2.63),
2.96 (95%CI:1.06-8.24), and 3.24 (95%ClI: 1.09-9.66), re-
spectively (Table 5). There was no association between the
number of PZQ uses and developing extrahepatic or and

tubular CCA (Tables 3-4).

DISCUSSION

Many studies including our previous study showed that
repeated use of PZQ treatment was associated with an in-
creased risk of developing CCA.'"'* Our current study es-
tablished that this association is limited to intrahepatic or
papillary CCA. Until now, there has been no study inves-
tigating the risk factors for CCA according to its location
and cell type.

Although several studies using a hamster model have
published evidence that PZQ treatment induces inflam-
mation and oxidative and nitrative stress through O. viver-
rini antigen release,'* we cannot conclude that PZQ has a
direct causative effect on cholangiocarcinogenesis. Thus,
repeated use of PZQ is now believed to be a surrogate
marker for the habit of eating raw fish rather than causing
CCA itself. %11 O, viverrini infection, moreover, remains a
major risk factor for CCA in Southeast Asia. The risk of
developing CCA is indeed significantly increased in those
who eat raw fish over against those who never eat raw fish.
There is an incorrect understanding among many people
about the use of PZQ. Some people think that if/when
they get an O. viverrini infection, they should self-treat
with PZQ. But then they proceed to eat raw fish again, be-
come re-infected, and self-treat with PZQ again.®!>1° The

Table 2. Crude and adjusted ORs for Intrahepatic CCA and number of PZQ treatments.

1. Number of PZQ treatments (times)

0 47.2
1 33.3
2 9.3
More than 2 10.2
100.0

0.011
66.0 1 1 -
26.4 1.82 1.54 0.92-2.55
4.9 3.15 2.28 0.91-5.73
2.8 5.63 4.21 1.61-11.05
100.0

After adjustment for smoking behavior, alcohol consumption, history of cancer in family, and consuming raw freshwater fish.

Table 3. Crude and adjusted ORs for extrahepatic CCA and number of PZQ treatments.

1. Number of PZQ treatments (times)

0 50.0
1 324
2 7.8
More than 2 9.8
100.0

0.369
65.9 1 1 -
22.3 2.08 1.59 0.90-2.80
4.9 2.32 1.78 0.66-4.80
6.9 2.10 1.38 0.56-3.41
100.0

After adjustment for smoking behavior, alcohol consumption, history of cancer in family, and consuming raw freshwater fish.
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Table 4. Crude and adjusted odds ratios for Tubular CCA and number of PZQ treatments.

1. Number of PZQ treatments (times) 0.137
0 50.0 66.6 1 1 -
1 33.6 22.9 2.07 1.67 1.02-2.73
2 7.0 4.9 2.04 1.55 0.62-3.85
More than 2 9.4 5.7 243 1.95 0.86-4.43
100.0 100.0
After adjustment for smoking behavior, alcohol consumption, history of cancer in family, and consuming raw freshwater fish.
Table 5. Crude and adjusted ORs for Papillary carcinoma and number of PZQ treatments.
1. Number of PZQ treatments (times) 0.066
0 46.3 64.9 1 1 -
1 31.7 26.8 1.78 1.45 0.80-2.63
2 11.0 4.9 4.04 2.96 1.06-8.24
More than 2 11.0 34 5.25 3.24 1.09-9.66
100.0 100.0

After adjustment for smoking behavior, alcohol consumption, history of cancer in family, and consuming raw freshwater fish.

result is that the O. viverrini re-infection rate in the endem-
ic area approaches 50%. 10

Parasitic infection plays a major role in cholangiocarcino-
genesis in the hamster model;!” however, it has been difficult
to translate this observation to human cholangiocarcinogene-
sis because there are significant differences in bile duct calib-
er between hamsters and humans. Based on the evidence,
parasitic infection causes greater harm to the small (intrahe-
patic) bile duct over against large one (the extrahepatic bile
duct). Our findings agree with this explanation. We found,
moreover, that repeated use of PZQ—a surrogate marker for
parasitic infection—could increase the risk only of intrahe-
patic CCA. This is the first study to identify this relationship,
according to the location of the tumor. We suggest that para-
sitic infection might not be a common risk factor in all types
of CCA, and that risk factors other than parasitic infection—
such as nitrosamines—should be studied further,'® particu-
larly for extrahepatic CCA.

As we have mentioned, there is a difference between the
pathogenesis of tubular vs. papillary CCA.'2131920 Our find-
ings indicate that only papillary CCA (malignant IPNB)
was associated with repeated use of PZQ. Chronic biliary
irritation may, therefore, play an important role in the
development of intraductal papillary lesions rather than
periductal inflammation. Moreover, the proportion of pap-
illary CCA is higher in regions where liver flukes are en-
demic compared with regions where they are not.?!">

According to the concept of “biliary disease of the pancreat-
ic counterpart”, IPNB—both benign and malignant—is in-
cluded as a counterpart to intraductal papillary mucinous
neoplasm of the pancreas, whereas tubular CCA (also
known as conventional CCA) is considered to be the coun-
terpart of pancreatic adenocarcinoma.?*?> We, thus, suggest
that future study regarding risk factors and carcinogenesis of
these two entities should be performed separately.
The strengths of this study include:

e Its being the largest study enrolling pathologically-
confirmed cases of CCA and the largest number of
controls.

* Its demonstrating a dose-dependent response relation-
ship between PZQ use and CCA .

* Its being the first to investigate the risk of repeated use
of PZQ according to the types of CCA.

Limitations to the study include:

* Its relying upon data collected for another study,!” such
that the sample size was based on different objectives.

e Its not having required immunohistochemistry to
discriminate types of papillary tumor.?

In conclusion, this is the first study about the risk fac-
tors of CCA according to cell type and location. Papillary
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CCA (malignant IPNB) may be more likely from repeat-
ed OV infection than conventional (tubular) CCA. Since
the respective pathogenesis of tubular and papillary CCA
is different, studies regarding the risk factors of these two
entities should be performed separately.

ABBREVIATIONS

* CCA: cholangiocarcinoma.
* IPNB: intraductal papillary neoplasm of the bile duct.
* PZQ: praziquantel.

FINANCIAL SUPPORT

This research used data collected for another study
funded by the Royal College of Surgeons of Thailand.

ACKNOWLEDGEMENTS

The authors thank (a) Professor Chomchark Chantrasa-
kul for help obtaining funding assistance from the Royal
College of Surgeons of Thailand, and (b) Mr. Bryan Rod-
erick Hamman for assistance with the English-language
presentation of the manuscript under the aegis of the Pub-
lication Clinic KKU, Thailand.

REFERENCES

1. Bergquist A, von Seth E. Epidemiology of cholangiocarcino-
ma. Best Pract Res Clin Gastroenterol 2015; 29: 221-32.

2. Augustine MM, Fong Y. Epidemiology and Risk Factors of Bil-
iary Tract and Primary Liver Tumors. Surg Oncol Clin North
Am 2014; 23: 171-88.

3. Andrews RH, Sithithaworn P, Petney TN. Opisthorchis viver-
rini: an underestimated parasite in world health. Trends in
Parasitology 2008; 24: 497-501.

4. Marcos LA, Terashima A, Gotuzzo E. Update on hepatobil-
iary flukes: fascioliasis, opisthorchiasis and clonorchiasis.
Current Opinion in Infectious Diseases 2008; 21: 523.30.

5. Tang Z-L, Huang Y, Yu X-B. Current status and perspec-
tives of Clonorchis sinensis and clonorchiasis: epidemiolo-
gy, pathogenesis, omics, prevention and control. Infectious
Diseases of Poverty [Internet]. 2016 Dec [cited 2017 May
22];5(1). Available from: http://idpjournal.biomedcentral.com/
articles/10.1186/s40249-016-0166-1

6. Sithithaworn P, Andrews RH, Van De N, Wongsaroj T, Sin-
uon M, Odermatt P, Y Nawa , et al. The current status of
opisthorchiasis and clonorchiasis in the Mekong Basin. Par-
asitology International 2012; 61: 10-6.

7. Sayasone S, Meister |, Andrews JR, Odermatt P, Vonghach-
ack Y, Xayavong S, Sangngam K, et al. Efficacy and safety
of praziquantel against light infections of Opisthorchis viver-
rini: a randomised parallel single blind dose-ranging trial. Clin
Infec Dis 2016; 7: 785.

8. Lovis L, Mak TK, Phongluxa K, Ayé Soukhathammavong P,
Vonghachack Y, Keiser J, Vounatsou P, et al. Efficacy of
Praziquantel against Schistosoma mekongi and Opisthorchis

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

viverrini: A Randomized, Single-Blinded Dose-Comparison
Trial. Sripa B, editor. PLoS Neglected Tropical Diseases
2012; 6: e1726.

Shirai T, Joong KD, Hakoi K, Thamavit W, Pairojkul C, Hoshiya
T, Hasegawa R, et al. Promotion of rat hepatocarcinogenesis
by praziquantel. Jpn J Cancer Res 1991; 82: 1085-8.
Kamsa-ard S, Luvira V, Pugkhem A, Luvira V, Thinkhamrop
B, Suwanrungruang K, Bhuddhisawasdi V. Association be-
tween praziquantel treatment and cholangiocarcinoma: a
hospital-based matched case—control study. BMC Cancer
[Internet] 2015 Dec [cited 2017 May 21];15(1). Available
from: http://bmccancer.biomedcentral.com/articles/10.1186/
$12885-015-1788-6

Saengsawang P, Promthet S, Bradshaw P. Infection with
Opisthorchis viverrini and Use of Praziquantel among a
Working-age Population in Northeast Thailand. Asian Pacific
Journal of Cancer Prevention 2013; 14: 2963-6.

Aishima S, Oda Y. Pathogenesis and classification of intra-
hepatic cholangiocarcinoma: different characters of perihilar
large duct type versus peripheral small duct type. J Hepato-
biliary Pancreat Sci 2015; 22: 94-100.

Luvira V, Pugkhem A, Bhudhisawasdi V, Pairojkul C,
Sathitkarnmanee E, Luvira V, Kamsa-ard S. Long-term out-
come of surgical resection for intraductal papillary neoplasm
of the bile duct. J Gastroenterol Hepatol 2017; 32: 527-33.
Pinlaor S, Prakobwong S, Hiraku Y, Kaewsamut B, Decha-
khamphu S, Boonmars T, Sithithaworn P, et al. Oxidative and
nitrative stress in Opisthorchis viverrini—infected hamsters:
an indirect effect after praziquantel treatment. The Ameri-
can Journal of Tropical Medicine and Hygiene 2008; 78:
564-73.

Chavengkun W, Kompor P, Norkaew J, Kujapun J, Pothipim
M, Ponphimai S, Kaewpitoon S, et al. Raw Fish Consuming
Behavior Related to Liver Fluke Infection among Populations
at Risk of Cholangiocarcinoma in Nakhon Ratchasima Prov-
ince, Thailand. Asian Pacific Journal of Cancer Prevention
2016; 17: 2761.

Saengsawang P, Promthet S, Bradshaw P. Reinfection by
Opisthorchis Viverrini after Treatment with Praziquantel.
Asian Pacific Journal of Cancer Prevention 2016; 17: 857-
62.

Chaimuangraj S, Thamavit W, Tsuda H, Moore MA. Experi-
mental investigation of opisthorchiasis-associated cholangi-
ocarcinoma induction in the Syrian hamster-pointers for
control of the human disease. Asian Pacific Journal of Can-
cer Prevention 2003; 4: 87-94.

Wiwanitkit VV, Surin Rajabhat University, Thailand. Cholangi-
ocarcinoma and opisthorchiasis in Northeast Thailand: raw
fish intake may not be the sole cause. Revista da Sociedade
Brasileira de Medicina Tropical 2015; 48: 365.

Zen Y, Fujii T, Itatsu K, Nakamura K, Minato H, Kasashima S,
Kurumaya S, et al. Biliary papillary tumors share pathological
features with intraductal papillary mucinous neoplasm of the
pancreas. Hepatology 2006; 44: 1333-43.

Fujikura K, Fukumoto T, Ajiki T, et al. Comparative clinico-
pathological study of biliary intraductal papillary neoplasms
and papillary cholangiocarcinomas. Histopathology 2016;
69: 950-61.

Jarnagin WR, Bowne W, Klimstra DS, Ben-Porat L, Roggin K,
Cymes K, Fong Y, et al. Papillary Phenotype Confers Im-
proved Survival After Resection of Hilar Cholangiocarcino-
ma. Ann Surg 2005; 241: 703-14.

Yeh C-N, Jan Y-Y, Yeh T-S, Hwang T-L, Chen M-F. Hepatic
Resection of the Intraductal Papillary Type of Peripheral
Cholangiocarcinoma. Ann Surg Oncol 2004; 11: 606-11.



Association between Repeated PZQ treatment and Papillary, and Intrahepatic CCA. Axvais of flepatology, 2018; 17 (5): 802-809 809

®

23. Jan Y-Y, Yeh C-N, Yeh T-S, Chen T-C. Prognostic analysis
of surgical treatment of peripheral cholangiocarcinoma: two
decades of experience at Chang Gung Memorial Hospital. Correspondence and reprint request:

World J Gastroenterol 2005; 11: 1779-84. Vor Luvira, M.D., F.R.C.S.T.

24. Nakanuma Y, Miyata T, Uchida T. Latest advances in the Department of Surgery, Faculty of Medicine, Khon Kaen
pathological understanding of cholangiocarcinomas. Expert University, 123 Mittraparp Road, Meaung District, Khon Kaen
Rev Gastroenterol Hepatol 2015; 22: 1-15. 40002, Thailand, Tel.: +66 89 7765862,

25. Nakanuma Y. A novel approach to biliary tract pathology E-mail: vor_110@yahoo.com

based on similarities to pancreatic counterparts: is the biliary
tract an incomplete pancreas? Pathol Int 2010; 60: 419-29.



	Association between Repeated Praziquantel treatment and Papillary, and Intrahepatic Cholangiocarcinoma
	Introduction
	Materials and Methods
	Ethical considerations
	Outcome variables
	Statistical analysis

	Results
	Discussion
	Abbreviations
	Financial Support
	Acknowledgments


