
INTRODUCTION

Cholangiocarcinoma, a malignancy that arises from the ep-
ithelial cells of the biliary tree, causes significant morbidity and 
mortality, with an average 5-year survival rate of 5% to 10%.1 
Cure is achieved only through surgical resection; yet, greater 
than 80% of patients present at an advanced and unresectable 
stage,2 resulting in a 3- to 6-month median survival from the 
time of diagnosis.3 Various palliative treatment strategies have 
been offered, including chemotherapy, radiation therapy and 
biliary drainage (endoscopic or percutaneous), but none have 
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shown a definitive survival benefit.2,3 Photodynamic therapy 
(PDT) is a promising new treatment modality for nonresec-
table cholangiocarcinoma. Its benefits include symptomatic 
improvement and prolonged survival with relatively few com-
plications.2

With PDT, a photosensitizing agent is preferentially retain-
ed by the malignant tissue. Following laser activation at a dis-
tinct wavelength, toxic oxygen radicals induce apoptosis of 
malignant cells and cause tumor necrosis.2-4 PDT has been re-
ported to have a minimal side effect profile, with the most fre-
quently encountered adverse effect being phototoxicity to the 
skin.2

In the last few years we have seen the rise of cholangioscopy-
guided PDT, which allows better identification of tumor mar-
gins, permits targeted laser illumination, and aids in evaluating 
the response to therapy.5,6 We now report our experience with 
PDT, in the treatment of cholangiocarcinoma over the past 6 
years.
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MATERIALS AND METHODS

Patients
Fifty-five patients (31 males, 24 females) with unresectable 

cholangiocarcinoma received treatment with PDT between 
2004 and 2010. Patient characteristics are summarized in Ta-
ble 1. The median age was 69 years (range, 30 to 87). Twenty-
seven patients (49%) showed Bismuth type IV, 22 (41%) sh-
owed Bismuth type III, and six (10%) showed Bismuth type I 
and II. The median median model for end-stage liver disease 
score was 15 (range, 7 to 25). Twenty patients (37%) received 
both chemotherapy and radiation therapy. Five patients (9%) 
received chemotherapy only and one patient (2%) received 
radiation therapy only.

Statistical analysis was conducted using SAS 9.2 (SAS Insti-
tute Inc., Cary, NC, USA). Kaplan-Meier analysis was perform-
ed comparing the group of patients who received PDT and 
chemotherapy/radiation therapy versus those who received 
PDT only.

Procedure
Photofrin (porfirmer sodium) 2 mg/kg body weight was 

administered intravenously 48 hours prior to irradiation. PDT 
was delivered through a 3.0-m length fiber with a 2.5-cm-long 
cylindrical diffuser at its distal end (Pioneer Optics, Windsor 
Locks, CT, USA) (Fig. 1). Single operator cholangioscopy 
(SOC) was utilized for fiber placement in 18 patients (Figs. 2, 3). 
Photoactivation was performed at 630 nm with a light dose of 

180 J/cm2, fluence of 0.250 W/cm2, and irradiation time of 750 
seconds.

The single operator cholangioscope was inserted into the 
bile duct over the wire. Direct visualisation of the cancerous 
stricture was conducted macroscopically which permitted ex-
change of the wire for the diffuser, which was centered with-
in the stricture and allowed target administration of light.

Placement of plastic stents was performed systematically af-
ter the photodynamic treatment to prevent cholangitis. All pa-
tients received perioperative antibiotic prophylaxis. 

Table 1. Patient Characteristics

Characteristic Value
No. of patients 55
Gender, male/female 31/24
Median age, yr 69 (30-87)
Bismuth classification

Bismuth IV 27 (49)
Bismuth III 22 (41)
Bismuth I and II 6 (10)

MELD score 15 (7-25)
Treatment group 1, subjects

PDT+chemotherapy+radiation therapy 26 (26/55)
Chemotherapy+radiation therapy 20 (37)
Chemotherapy only 5 (9)
Radiation therapy only 1 (2)

Treatment group 2, subjects
PDT therapy only 29 (29/55)

Values are presented as median (range) or number (%).
MELD, median model for end-stage liver disease; PDT, photody-
namic therapy.

Fig. 1. Fluoroscopy demonstrating malignant stricture involving 
the confluence.

Fig. 2. Single operator choledochoscope placed below the stric-
ture to be treated.
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RESULTS

Fifty-five patients (31 males, 24 females) with unresectable 
cholangiocarcinoma received treatment with PDT between 
2004 and 2010. Twenty-five patients received chemotherapy 
with various combinations of gemcitabine and capecetabine; 
and one received radiation therapy only along with PDT. Tw-
enty-nine patients received PDT only.

The median age was 69 years (range, 30 to 87). Results are 
summarized in Table 2. The median interval between present-
ation and first PDT session was 63 days and there was a medi-
an follow-up of 133 days (range, 11 to 1,190). The mean number 
of PDT sessions was 1.9±1.5 sessions (median, 1; range, 1 to 
9). There was a mean survival of 293±266 days (median, 190; 
range, 25 to 1,332). Median survival of patients who received 
PDT and chemotherapy/radiation therapy was 257 days (95% 
confidence interval [CI], 166 to 528) while medial survival du-
ration of the PDT only group was 183 days (95% CI, 129 to 224).

During follow-up, 49/55 patients died from progression or 
complications of their underlying disease. There were no pro-
cedure related deaths.

Twenty-eight (51%) developed interval cholangitis requiring 
stent revision. All of these patients showed Bismuth type III 
and IV lesions. Other non-PDT related complications in-
cluded: six (11%) hepatic abscess, one (2%) gallbladder per-
foration, two (3%) peritonitis, related to systemic infection, 
two (3%) pancreatitis, two (3%) hemobilia, and three (5%) ch-
olecystitis. Eight patients experienced PDT related adverse 
events, including the following: three (5%) facial burn, three 
(5%) photosensitivity, and two (3%) rash.

Kaplan-Meier analysis (Fig. 4) was performed comparing 

the group of patients who received PDT and chemotherapy/
radiation therapy versus those who received PDT only. 

After adjusting for age, sex, and Bismuth classification, there 
was no significant difference in the survival means of both gr-
oups (log-rank p=0.20).

DISCUSSION

Palliative therapy is the mainstay of treatment in patients 
who present with unresectable cholangiocarcinoma. Biliary 
decompression, which is usually accomplished via endosco-
pic stent placement, can result in symptom improvement and 
prevent complications such as cholangitis and sepsis; however, 
stent placement has not been shown to have any survival be-
nefit2 and is limited by recurrent stent occlusion. Additionally, 

Table 2. Complications

No. (%)
Non-PDT related complications

Cholangitis
Hepatic abscess
Gallbladder perforation
Peritonitis
Pancreatitis
Hemobilia
Cholecystitis

28 (51)
6 (11)
1 (2)
2 (3)
2 (3)
2 (3)
3 (5)

PDT related complications
Facial burn
Photosensitivity
Rash

3 (5)
3 (5)
2 (3)

PDT, photodynamic therapy.

Fig. 3. (A) Choledochoscopy after centering the fiber diffuser at the level of the stricture. (B) Choledochoscopy after 3 months postphotody-
namic therapy.
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fit, with a mean survival of 293±266 days (median, 190; ran-
ge, 25 to 1,332). No difference in survival times was noted be-
tween those treated with PDT alone and those with PDT and 
chemo or radiation therapy. However, despite its benefit, PDT 
was also associated with a substantial incidence of cholangi-
tis requiring stent revision, occurring in just over 50% of our 
patients. A review of 20 studies of PDT in cholangiocarcino-
ma found the overall incidence of cholangitis to be 27.5%,2 
with the largest clinical trial showing an incidence of 56%.17 
Another recent study showed a 57% incidence of cholangitis 
with PDT.12 Although cholangitis can be a complication of 
stenting itself, seen in 20% to 40% of cases using plastic stents 
and 4.9% to 6% of cases using bare metal stents,18 the high 
rate of cholangitis post-PDT is likely the result of necrosis as-
sociated with this therapy. Given the frequency with which 
this complication occurs, aggressive stenting posttherapy is 
required. This is a commitment that both physician and pa-
tient must be aware of before commencing therapy.

In conclusion, use of PDT for the treatment of unresectable 
cholangiocarcinoma is associated with increased survival 
compared to stenting alone. However, PDT therapy is associ-
ated with high rates of cholangitis and stent revision, indicat-
ing the need for aggressive stenting posttherapy. A prospec-
tive multicenter randomized controlled trial is needed to con-
firm the benefit of PDT with stenting versus stenting alone as 

successful drainage through stent placement proves to be 
more difficult in proximal tumors,7 necessitating the search for 
a better treatment modality.

Numerous studies, including two randomized clinical trials, 
have found that PDT is superior to biliary stenting alone in 
the treatment of unresectable cholangiocarcinoma, improving 
both survival as well as quality of life.2,3,8-13 Additionally, it was 
recently shown that survival in patients who underwent PDT 
was similar to those in whom curative surgery was attempted 
but who had positive resection margins, despite the fact that 
the PDT group had more advanced clinical T stages.14

Utilization of cholangioscopy with PDT allows direct visu-
alization of the biliary tree, leading to improvements in diag-
nosis and treatment. It also has been shown to influence deci-
sions regarding patient management.5,6 Our group compared 
PDT versus SOC directed PDT and found the therapies to be 
comparable without an increase in adverse complications, but 
with decreased radiation exposure in the SOC-directed gr-
oup.15 Another recent study demonstrated that direct POC-
guided PDT using an ultraslim upper endoscope is both fea-
sible and safe in select patients with inoperable extrahepatic 
cholangiocarcinoma.16

Our center’s cumulative experience with PDT for the treat-
ment of unresectable cholangiocarcinoma, which is one of the 
largest studies to date, again demonstrated its survival bene-

Fig. 4. Kaplan-Meier analysis. (A) Photodynamic therapy+chemotherapy+radiation therapy. (B) Photodynamic therapy only. CI, confidence 
interval. 
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well as the benefit of PDT plus chemotherapy and radiation 
therapy compared with PDT alone.
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