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Organization 
This paper discusses: 

1. Epidemiology & Risk Factors,  
2. Molecular Pathogenesis,  
3. Clinical Diagnosis,  
4. Surgical Resection,  
5. Staging Systems,  
6. The Future, and 
7. Conclusions 

with respect to the management of intrahepatic 
cholangiocarcinoma (iCCA) 

1. Epidemiology.  
iCCA is an under-studied malignancy. It is not 
too dissimilar from hepaticocellular carcinoma, 
which also has significant geographical varia-
tions (slide 1).  

The incidence of iCCA in the United States is 
about 1 or 2 per 100,000, whereas the incidence 
in Asia and Eastern countries is markedly high-
er—in the range of about 7 to 8 per 100,000. In 
northern Thailand, the incidence of iCCA is as 
high as 90 per 100,000 because liver fluke—a 
major risk factor for iCCA—is endemic there.  

 Guidelines for the diagnosis and management of intrahepatic cholangiocarcinoma. Bridgewater J1, Galle PR?, Khan SA3, Llovet JM4, Park 1

JW5, Patel T6, Pawlik TM7, Gores GJ8.
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Cholangiocarcinomas (CCAs) are classified 
anatomically as intrahepatic (iCCA), perihilar 
(pCCA), and distal (dCCA). pCCA is the most 
common but there has been a marked increase 
in the incidence of iCCA over the last two-to-
three decades (slide 2), in part perhaps because 
it was reclassified: Twenty years ago, patholo-
gists would report adenocarcinoma in the liver as 
“adenocarcinoma, not otherwise specified". To-
day, hepatopathologies from immunohistochemi-
cal stainings are much more likely to report out 
the primary as iCCA.  

The incidence of iCCA is probably also increas-
ing as a result of significant geographic varia-
tions in the risk factors (slide 3). In Asia, the big-
gest risk factors are probably still hepatobillary 
flukes, hepatitis, and primary sclerosing cholan-
gitis (PSC) which is much more predominant in 
Eastern countries. In the United States, the big-
gest risk factors right now are obesity, diabetes, 
non-alcoholic fatty liver disease, and non-alco-
holic steatohepatitis (slide 4).  

2. Molecular Pathogenesis 
There has been much progress over the last 10 
to 15 years in understanding the molecular un-
derpinnings of iCCA (slide 5). The identification 
of a number of different molecular pathways is 
important not only prognostically, but also be-
cause they targetable.  

A 2014 study in which I participated found that 
the most common genetic mutations included the 
KRAS and BRAF genes, as one would expect for 
GI cancers. But the interesting finding was that 
IDH1 genetic mutation (slides 6-8, 10) is much 
higher in iCCA than in pCCA and dCCA. This is 
important both prognostically and therapeutically. 
In about 20% of patients, the FGFR receptor 
plays a key role in iCCA. This is not the case in 
gallbladder cancer and extrahepatic CCA 
(eCCA).  

It is not surprising that patients who have KRAS 
and BRAF mutations do significantly worse, with 
a median survival of only one year (slide 9). The 

20% of patients who have the IDH mutation also 
have a worse prognosis—another study (in 
which I participated), published in Nature Genet-
ics, about the whole exome sequencing of iCCA, 
showed that patients who had the IDH mutation 
had a median survival of only about 16 months 
(slide 11).  

Immunotherapy is another hot topic in cancer. A 
small subset of patients with iCCA who stain for 
PD-1 or PD-L1 (slide 12) may be treatable with 
immunotherapy, but the big players are going to 
be FGFR2 and IDH1 and less than 5% will have 
other mutations such as mismatched repair 
genes or a BRAF mutation (slide 13).  

Understanding the molecular underpinnings of 
this disease leads to advances in systemic ther-
apy, adjuvant therapy, and even destination ther-
apy for some patients who have advanced inop-
erable disease.  

3. Clinical Diagnosis of iCCA 
Early symptoms of iCCA tend to be elusive 
(slide 14) because this is a parenchymal lesion 
that gets quite sizable before symptoms appear. 
Not infrequently, the disease is found incidental-
ly, when patients come in for other reasons. CT 
(slide 15) leads to biopsy and the pathologist’s 
identification of adenocarcinoma (slide 16).  

The question then is: Is it a primary adenocarci-
noma of the liver (i.e., iCCA) or is it a secondary 
malignancy, a metastatic lesion arising from a 
colon or pancreatic cancer?  

Signs of biliary dysplasia will call for immunohis-
tochemical staining to rule out lung, colon, pan-
creatic, and other adenocarcinomas. IHC-posi-
tive staining with markers AE1, AE3, or CK are 
highly suggestive of a biliary epithelium (slide 
17).  

With this evidence of an adenocarcinoma highly 
suggestive of an hepatobillary primary tumor, it is 
very important next to check the tumor markers 
AFP, CA 19-9, and CEA, and vital to remember 
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that these markers are specific but not very sen-
sitive (slide 18). A CA19-9 count of 100,000 is 
unlikely to be a false positive, but a normal 
CA19-9 does not rule out a cancer—so it does 
not rule out iCCA. A normal AFP does not rule 
out HCC. It is vitally important to consider the 
whole picture.  

One should look for a primary adenocarcinoma, 
check that female patients have had an updated 
mammogram and gynecological exam, and that 
all patients have had a recent lower colonos-
copy.  

The workhorse for the workup of this disease is 
state-of-the-art cross-sectional imaging: CT, MRI, 
and PET. iCCA is FDG-avid with PET. Avid dis-
ease outside the liver will change how the patient 
is managed. Instead of immediate surgery, pre-
operative chemotherapy is probably called for 
because the prognosis may be prohibitive if the 
patient has a metastatic disease extending even 
to the nodal basins preoperatively.  

There are three different morphologic iCCA sub-
types: Panel A in slide 19 shows the mass-form-
ing lesion, which tend to be low-attenuating and 
homogenous. Capsular retraction and peripheral 
enhancement will be seen near the liver. Panel B 
in slide 19 shows periductal infiltrating lesions 
with hyper-enhancement of the duct. Periductal 
thickening and enhancement are visible in the 
images. Panel C in slide 19 shows the intraduc-
tal growth pattern, with a rather ratty looking 
duct. The papillary mass can sometimes be seen 
within the bile duct.  

When surgeons speak of iCCA they are general-
ly referring to the mass-forming lesion, not to the 
periductal, infiltrating, or papillary forms. Data 
from a liver cancer study group in Japan shows 
that over 80% of Japanese patients who have 
iCCA have a mass forming lesion (slide 20). 
Similar data have since been shown to apply in 
the United States also. 

Most radiologists can very easily differentiate an 
iCCA from an hepatocellular carcinoma (HCC). 
The key phase for HCC is early arterial en-
hancement with late washout because in general 
the liver is hard and cirrhotic but the tumor is 
soft. In contrast, iCCA tumors tend to be very 
dense, stromal, and fibrinous. Early on, these 
lesions will be low-attenuating; only in later 
phases of the CT will they enhance. Very small 
lesions are occasionally can be hard to differen-
tiate but a good hepatoradiologist typically would 
not confuse iCCA with HCC. 

The classic things to look for are a large lesion, 
hypo-attenuating on early imaging; peritumoral 
ductal dilatation (tracking along the portal vein) 
and peritumoral dilatation (slide 21). 

An image of an iCCA patient typically shows a 
large hypo-attenuating lesion (panel A in slide 
22) with capsular retraction; enhancement and 
central necrosis in later imaging (panel B in slide 
22); and peritumoral ductal dilatation (panel C in 
slide 22). Altogether, this amounts to the sine 
qua non for iCCA.  

Because these lesions are so PET FDG-avid, 
the small amount of available literature suggests 
that PET will reveal occult disease in about 20 to 
30% of patients (slides 23 and 24). Occasionally 
PET even shows that the occult primary that was 
thought to be an iCCA is in fact lighting up some-
thing in the rectum or the stomach. Even if it is 
an iCCA, if nodal disease is lighting up in the he-
patoduodenal ligament or the celiac area I would 
generally treat those patients with preoperative 
neoadjuvant chemotherapy before taking them to 
surgery. Overall, PET is helpful preoperatively.  

4. Surgical Resection  
iCCA lesions can often be hard to resect be-
cause they present late. A large tumor in the cen-
tral aspect of the liver (slide 25) is obliterating 
the anterior sectoral branch of the right portal 
vein and abuts the umbilical fissure and the right 
posterior sectoral branch. An extended right 
hemi hepatectomy was indicated with all of the 
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right liver and segment 4 having to be removed 
(slide 26, showing bile duct to segments 2 and 
3, the portal vein, and the explant). It can some-
times be difficult to get wide negative margins on 
such large tumors in difficult locations.  

Slide 27 is of a patient with a large left hemi liver 
mass abutting the middle and left hepatic vein, 
which was not readily visible on cross sectional 
imaging (slide 28). This was of concern since it 
was not certain that purchase above, on the 
common trunk, would be enough to take that 
structure at the time of surgery.  

Slide 29 is an axial imaging. The patient was 
treated with some preoperative chemotherapy 
and Yttrium 90 (Y-90) radiotherapy but had very 
little response. An extended left hemi hepatec-
tomy was performed and final pathology re-
vealed 70% viable tumor. The patient is doing 
well a year later. 

This was unfortunately not the case with a differ-
ent patient who had a very large tumor in his 
right hemi liver, with biliary obstruction. Slide 30 
shows an endo stent and some atrophy of the 
right hemi liver with compensatory hypertrophy 
of the left liver. Segments 2 and 3 are quite big 
and ascites is visible on the outside of the liver. 
The patient had a very high CA19-9 of 100,000 
and received a lot of chemotherapy preopera-
tively. His ascites resolved, his CA19-9 de-
creased by 50 or 70%, but six months after a 
right hepatectomy, the cancer recurred and he 
subsequently died.  

The above two cases highlight the heterogeneity 
of the disease, the substantial size of the opera-
tions needed, and the complexity of the deci-
sions involved.  

There is much discussion in the operating room 
about whether anatomic resection is called for or 
whether getting a negative margin would suffice. 
For HCC, much literature reports oncologic ben-
efit in anatomic resection; but for iCCA, some 
data—at least from our group—has not suggest-

ed any benefit from anatomic versus non-
anatomic resection (slide 33).  

Achieving a negative margin of 10 millimeters or 
more is the critical factor to achieving best 
chance at disease-free survival and overall sur-
vival (slide 34). If a vascular resection is needed 
to get that negative margin, the long term out-
comes will be the same (slide 35) but it calls for 
great care: I usually call on transplant colleagues 
for assistance because even in the best of hands 
the morbidity associated with this procedure is 
significantly higher and perioperative mortality 
can be in the range of 5-10%. Again, these are 
big, complicated operations.  

5. Staging Systems for iCCA 
There was no staging for iCCA until the 7th 
edition of the AJCC Cancer Staging Manual. Pri-
or to that, the manual had the single line: "Stage 
ICCA the same way as HCC." There simply were 
no data at that time, but it did not really make 
sense to combine ICC with HCC—they are two 
different diseases.  

Two Japanese groups proposed new staging 
systems for iCCA (slide 36) but they did not re-
ceive much interest in the United States. In 
2010, myself and Dr. Nathan, my research fellow 
at Hopkins at that time, proposed a novel staging 
system for iCCA based essentially on multifocali-
ty, tumor size, and vascular invasion (slide 37). 
It is a highlight of my career that our paper mor-
phed into a chapter of the 7th edition of the 
AJCC manual. It has since been revised in the 
8th edition. (The stages are summarized in 
slides 38 and 39.) 

More recently, we have looked at other novel 
ways of assessing tumor burden in the liver and 
proposed a tumor burden score (TBS)—a single 
composite number using the Pythagorean theo-
rem—that basically looks at the number and 
sizes of tumors in the liver (slide 40). We have 
shown that this is a powerful way to risk-stratify 
patients. Five-year survival in patients who have 
a high tumor burden is only 17% and their dis-
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ease-free survival is only 7% (slide 41), suggest-
ing that operating right away on patients who 
present with a very high TBS may not be advis-
able and that they might better be treated with 
preoperative chemotherapy to unveil their under-
lying tumor biology before operating on patients 
who do not have progressive disease or do not 
manifest disease outside the liver.  

Using machine learning to identify different mor-
phologic or phenotypic subtypes of iCCA (slide 
42) resulted in identification of three different 
clusters (common ICC, proliferative, and inflam-
matory) of patients (slide 43). These categories 
are based on tumor size, CA 19-9, and lympho-
cyte-to-neutrophil ratio. Three-year survival for 
inflammatory iCCA patients is only about one 
year, suggesting some heterogeneity in this tu-
mor, therefore we should not be treating every-
one the same. Patients with a high TBS or with 
inflammatory iCCA should be given preoperative 
chemotherapy.  Based on these data, up-front 
surgery should perhaps only be offered to pa-
tients with low TBS or who have common iCCA.  

Lymph node disease and iCCA 
Lymphadenectomy is not done for “garden vari-
ety” HCC. The liver is simply taken out. However, 
lymphadenectomy for fibrolamellar HCC is indi-
cated because the incidence of lymph node dis-
ease is about 30%. Lymph node dissection is 
also done for gallbladder cancer. The question of 
whether lymphadenectomy is called for in iCCA 
remains controversial (slide 44).  

Data from the iCCA consortium reveal that a 
lymphadenectomy is performed only about half 
the time, even at big centers, and that metastatic 
disease is noted in about 30% of patients. It 
might be argued that since half the patients are 
NX (never had any lymph node evaluated), the 
data are difficult to interpret; however, if one 
considers that even in the best-case scenario, all 
the patients who did not have a lymphadenecto-
my were N0, the incidence would still be 18-20% 
(slide 45).  

Multiple studies have shown that the incidence of 
lymph node disease is about 20-30% for iCCA—
similar to fibrolamellar. Why do we do lym-
phadenectomy for that disease but not for iCCA? 
Some people have proposed trying to predict 
who needs a lymph node dissection at the time 
of surgery, but it is incredibly difficult to predict 
the presence of lymph node metastasis preoper-
atively with extremely low AUC and ROC of most 
prediction tools (slides 46 and 47).  

In general, it is very difficult to predict preopera-
tively, but it is important because lymph node 
metastasis is one of the most potent drivers of 
prognosis postoperatively. I would argue that it is 
not even worth staging the patient if the nodal 
basin is not assessed, because where there is 
nodal disease—N1 disease—the T categories, 
vascular invasion, and whether there is single or 
multiple disease no longer matter.  

For patients with N0 disease, the prognosis is 
driven by whether the disease is multifocal and 
whether there is vascular disease. But among 
individuals with N1 disease, the horse is out of 
the barn and the presence or absence of single 
or multifocal disease or vascular invasion is no 
longer as prognostically important (slides 
48-50).  

Thus, nodal status is important for stratification, 
for prognosis, for discussing with patients their 
risk of recurrence, and also for identifying pa-
tients for clinical trials and highest-risk patients 
who may benefit from adjuvant therapy.  

There is some laterality to performing a lym-
phadenectomy at the time of surgery. The liver 
has specific nodal basin drainage (slide 51). If a 
tumor is in the right side of the liver, nodal basin 
12 (the perihilar hepatoduodenal ligament) 
should be dissected, as well as nodal basins 7, 8 
and 13. However, if the lesion is in the left hemi 
liver, nodal basins 1 and 3 around the gastroe-
sophageal junction should also be dissected be-
cause the nodal basin drainage areas are differ-
ent.  
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In a paper published in the Annals of Surgery in 
December 2021  we showed that if there is a 3

lymph node metastasis outside of station 12—
the perihilar area—the prognosis is markedly 
worse. These are second-echelon lymph nodes. 
If it is in basin 8, 1, or 3, the prognosis is going to 
be worse.  

The AJCC recommends lymphadenectomy in all 
cases and that at least six lymph nodes be eval-
uated (slide 52). Population-based data for the 
United States, however, show that currently only 
about 50% of patients will have even one lymph 
node evaluated at the time of surgery for iCCA, 
and only 15% of patients will have the AJCC 
recommended six lymph nodes evaluated (slide 
53).  

Patients with ICC often have a big tumor and 
need a big operation—but the probability of cure 
is only 10-15% (slide 54). This is a disease that 
generally has a very bad biology and prognosis. 
Five-year overall survival is about 30% (slide 
55). The curve is reminiscent of pancreatic ade-
nocarcinoma, another disease that has a bad 
overall biology.  

The reason survival is so poor is because the 
cancers recur early, often, and systemically 
(slide 56). At a median follow up of less than two 
years, the data show that half of patients have 
recurred. In terms of pattern of recurrence, half 
of patients have an extra hepatic site as a com-
ponent of their failure (slide 57). This is a sys-
temic disease in many patients.  

In a paper we published in 2020 in JAMA 
Surgery,  22% had very early recurrence—de4 -
fined as recurrence within six months of surgery 
(slide 58). With an extended right hepatectomy, 
even in the best of hands, the morbidity rate can 
be as high as 30% (slide 59). The patient may 
get through it but there will often be some bumps 
in the road, and then one in five patients will re-
cur. It may be a decision both patient and doctor 
will come to regret.  

We and others have tried to identify online calcu-
lators to try to risk stratify patients, because if 
patients present with multifocal disease or lymph 
node metastases, their risk of recurrence is pro-
hibitively high (slide 60). For that reason patients 
should receive systemic chemotherapy first be-
fore going to the operating room. (I treat virtually 
all patients with pancreatic cancers with neoad-
juvant therapy also.)  

About a third of patients will recur in the lymph 
nodes—another reason to do a lymphadenecto-
my, because although there might not be a sur-
vival benefit, it is good loco-regional control to 
maintain quality of life and prevent biliary ob-
struction in some patients.  

Because recurrence is such a problem, better 
systemic chemotherapy is necessary to make 
any meaningful change in this disease. Data 
from the ABC (Advanced Biliary Cancer) trial  5

found that patients treated with cisplatin-gemc-
itabine had a better outcome compared to gemc-
itabine alone (slide 61). More recent studies 

 Zhang XF, Xue F, Dong DH, Weiss M, Popescu I, Marques HP, Aldrighetti L, Maithel SK, Pulitano C, Bauer TW, Shen F, Poultsides GA, 3

Soubrane O, Martel G, Koerkamp BG, Itaru E, Lv Y, Pawlik TM. Number and Station of Lymph Node Metastasis After Curative-intent Resec-
tion of Intrahepatic Cholangiocarcinoma Impact Prognosis. Ann Surg. 2021 Dec 1;274(6):e1187-e1195. doi: 10.1097/
SLA.0000000000003788. PMID: 31972643.

 Tsilimigras DI, Sahara K, Wu L, Moris D, Bagante F, Guglielmi A, Aldrighetti L, Weiss M, Bauer TW, Alexandrescu S, Poultsides GA, Maithel 4

SK, Marques HP, Martel G, Pulitano C, Shen F, Soubrane O, Koerkamp BG, Moro A, Sasaki K, Aucejo F, Zhang XF, Matsuyama R, Endo I, 
Pawlik TM. Very Early Recurrence After Liver Resection for Intrahepatic Cholangiocarcinoma: Considering Alternative Treatment Approaches. 
JAMA Surg. 2020 Sep 1;155(9):823-831. doi: 10.1001/jamasurg.2020.1973. PMID: 32639548; PMCID: PMC7344787.

 Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas A, Madhusudan S, Iveson T, Hughes S, Pereira SP, Roughton M, 5

Bridgewater J; ABC-02 Trial Investigators. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N Engl J Med. 2010 Apr 
8;362(14):1273-81. doi: 10.1056/NEJMoa0908721. PMID: 20375404.
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looking at adjuvant therapy (so called “basket” 
trials—you throw things into the basket: some 
gallbladder, some cholangio, some distal 
cholangio) found a suggestion of an improve-
ment in overall survival (at least in the BILCAP 
study) with capceitabene in the adjuvant setting 
(slide 62). 

ASCO guidelines are that in general, patients 
who undergo resection for iCCA, especially 
those who are at high risk, with high tumor bur-
den score and node positive disease, should be 
treated in the adjuvant setting, most often with 
capecitabine (slide 63).  

6. The Future 
The future lies in the molecular pathogenesis 
and classification of cholangiocarcinoma to help 
target some of molecular perturbations involving 
FGFR, IDH, and possibly BRAF. FGFR seems to 
be the major target with regard to mutations and 
deletions (slide 64).  

The FIGHT-202 trial looked specifically at an 
FGFR inhibitor among patients who either had 
fusions or rearrangements, alterations, or no ab-
normalities in the FGFR receptor. A large number 
of patients treated with FGFR targeted therapy 
had a response, especially those who had fu-
sions (not mutations) (slides 65-69). These pa-
tients had an improvement in progression free 
survival, as well as overall survival.  

Thus, it is important to molecularly profile these 
patients, because some individuals who have 
FGFR fusions can have dramatic responses, like 
the patient whose response is captured in slide 
70. The drugs used to treat him are now ap-
proved as second line therapy by the FDA.  

As mentioned earlier, about 15-20% of patients 
also will have an alteration in IDH (IDH1 or IDH2) 
which is involved with ketogluterate synthesis in 
the liver (slide 71). A phase 3 trial looking at 
ivosidenib, an IDH1 inhibitor, in patients who 
have this mutation showed an improvement in 
progression-free survival (slides 72-73).  

We are beginning to see that there is so much 
heterogeneity in this disease. If we can identify 
the subset of patients with FGFR fusions or IDH1 
mutations we can begin to target them. Similarly, 
the ROAR trial (slide 74-75) showed that pa-
tients with a BRAF mutation can benefit from 
treatment  with dabrafenib and trametinib combi-
nation therapy, although the BRAF mutation af-
fects only about 5% of all cholangiocarcinoma 
patients.  

Only about 5% of patients also will have mis-
match repair gene alterations, and there has not 
been a lot of success using immunotherapy as 
monotherapy (slides 76-77), but there has been 
a lot of movement in combining cytotoxic chemo-
therapy with immunotherapy.  Slide 78 presents 
data recently revealed at ASCO GI 2022 show-
ing that combining Gem/Cis (the backbone from 
the ABC trial) with an immunotherapy agent re-
sulted in a 20% risk reduction and hazard of 
death. Combining immunotherapy with other 
agents holds promise for the future.  

All that being said, it is important to stress that 
molecular testing is essential for this disease, 
and it should be done at the beginning, not at the 
end, because we know most of these patients 
are going to fail first line therapy and are going to 
recur. We need to know if they have the IDH1 
mutation, the FGFR mutation, or the BRAF mu-
tation, all of which are targetable today.  

It is important also to be aware that molecular 
testing should be RNAseq-based because FGFR 
fusions are not mutations, so can be missed with 
DNA testing. Also, liquid biopsies that look for 
free DNA or circulating DNA will not suffice—tis-
sue-based testing is necessary to identify poten-
tial targets.  
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7. Conclusion 
First, the key take-aways: 

• CCA is increasing in incidence. It is a very 
complex disease. It is a surgically challeng-
ing disease that requires—in many in-
stances—very large and complex surgical 
operations.  

• Lymphadenectomy provides important prog-
nostic information. Margin negative surgical 
resection with lymphadenectomy is now the 
standard surgical approach. 

• Genomic profiling should be standard of care 
for all iCCA patients. All iCCA patients  need 
to be molecularly tested. 

• We need to move towards a more personal-
ized approach for these patients and enroll 
them in clinical trials.  

As a student studying colorectal and pancreatic 
cancer, I remember being told that chemo-
therapy was getting so good that I would be put 
out of business as a surgeon. In fact, it is the ex-
act opposite. As colorectal cancer chemotherapy 
improved, the indications for surgery broadened. 
Three lesions were once considered inoperable; 
today, we operate on ten! With pancreatic can-
cer, more effective chemotherapy is also emerg-
ing — and we are even beginning to talk about 
operating on oligo-metastatic disease of the liver. 
I believe the same thing will happen with iCCA: 
As the chemotherapy gets better, previously in-
operable patients will become operable. There 
will be better control of systemic disease en-
abling us to focus our surgical techniques on the 
disease that is in the liver.  

* * * 
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