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Abstract
Purpose: To evaluate the effect of escalated dose radiation therapy (EDR, defined as 
doses >50.4 Gy in 28 fractions [59.5 Gy BED]) on overall survival (OS), freedom 
from local progression (FFLP), and freedom from distant progression (FFDP) of 
patients with unresectable extrahepatic cholangiocarcinoma (EHCC).
Methods: A consecutive cohort of 80 patients who underwent radiotherapy for unre-
sectable EHCC from 2001 to 2015 was identified. Demographic, tumor, treatment, 
toxicity, and laboratory variables were collected. The maximal RT doses ranged 
from 30 to 75 Gy (median 50.4 Gy, at 1.8-4.5 Gy/fraction). Gross tumor volume 
(GTV) coverage by maximal dose in EDR group ranged from 38% to 100%. Kaplan–
Meier method was used to estimate OS, FFLP, and FFDP. Univariate and multivari-
ate Cox regression models were analyzed.
Results: After radiotherapy, median OS, FFLP, and FFDP were 18.7, 22.6, and 
24.3 months, respectively. There was no significant difference in OS or FFLP be-
tween patients who received EDR to portions of the GTV and patients who did not. 
On multivariate analysis, bigger GTV, age, and ECOG performance status were in-
dependently associated with shorter OS. Local progression on chemotherapy prior to 
RT was independently associated with shorter FFLP. High baseline neutrophil/lym-
phocyte ratio (>5.3) was independently associated with shorter FFDP. Toxicity 
grades were similar in EDR and lower doses except lymphopenia which was higher 
in EDR (P = 0.053).
Conclusions: EDR to selective portions of the GTV may not benefit patients with 
unresectable EHCC despite having acceptable toxicity. New methods to improve 
local control and survival for unresectable EHCC are needed.
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1  |   INTRODUCTION

Extrahepatic cholangiocarcinoma (EHCC) is a rare and lethal 
malignancy that originates from the epithelial cells of the ex-
trahepatic bile ducts. EHCC can be further divided according 
to its location into perihilar and distal types. According to a 
Surveillance, Epidemiology, and End Results (SEER) review 
from 1975 to 2013, the incidence is 1.9 cases per 100 000 
people,1 and the incidence appears to be increasing. Overall, 
the prognosis of EHCC is poor, with a 5-year survival rate 
of 16.9%.1 Currently, complete surgical resection is the only 
potentially curative treatment for anatomically resectable 
tumors, but most patients present with unresectable locally 
advanced or metastatic disease due to late presentation and 
nonspecific symptoms.2-4 Resectability is determined by 
local extent of the tumor including vascular involvement, es-
timated magnitude of pancreatic or liver resection, and meta-
static disease.5 Effective treatment options for these patients 
are needed.

The Southwest Oncology Group 0809 study demonstrated 
an encouraging median survival of 35 months for 79 patients 
with resected EHCC (68% of patients) or gallbladder can-
cer (32% of patients) who received adjuvant capecitabine/
gemcitabine followed by chemoradiation.6 The role of adju-
vant capecitabine has also been recently investigated in the 
BILCAP study.7 In patients with locally advanced disease, 
the data are sparse. In unresectable nonmetastatic EHCC, 
radiation therapy (RT) with or without concurrent chemo-
therapy has been the treatment of choice as it has an import-
ant role in controlling local disease progression,8 which is a 
major cause of treatment failure in these patients.9 Studies 
have also reported improved survival with radiation treat-
ment in unresectable EHCC with different intents.10-13 In a 
series of 52 patients with locally advanced EHCC treated at 
our institution, we previously identified the limitations of 
conventional doses of radiotherapy in this disease and sug-
gested that a possible way to overcome that would be es-
calated dose radiotherapy (EDR).14 After that analysis, we 
have selectively escalated the radiation dose to levels that 
would be considered definitive in other solid tumors while 
incorporating new technologies such as intensity-modulated 
RT, image guidance, and respiratory motion control as they 
emerged.

Given the rarity of this malignancy, evidence that defini-
tive doses of RT lead to long-term survival in these patients is 
lacking, and a clear dose-response relationship has not been 
established.

Within this context, we reviewed our experience with pa-
tients with unresectable EHCC who were treated with radio-
therapy with or without concurrent chemotherapy, looking 
for evidence of long-term local tumor control, and overall 
survival. Exploratory analysis was also carried out to iden-
tify any other clinical factors that were predictive of clinical 
outcome.

2  |   PATIENTS AND METHODS

2.1  |  Patients
After institutional review board approval of this retrospec-
tive study (PA14-0646), we identified a consecutive series 
of 89 patients with unresectable EHCC who received radio-
therapy at The University of Texas MD Anderson Cancer 
Center from 2001 to 2015. Of these, we excluded nine pa-
tients who were diagnosed with metastatic disease before 
treatment. Disease was identified as unresectable based on 
radiographic or intraoperative findings of main portal vein 
involvement, nodal metastasis, involvement of secondary 
biliary radicals, insufficient liver remnant volume, or medi-
cal inoperability. Most patients (61 of 80) had their disease 
confirmed with pathologic examination, all other patients 
(19 of 80) were diagnosed based on classic presentation 
on radiologic imaging or endoscopic retrograde cholangio-
pancreatography. Sixty-two patients (77.5%) had perihilar 
EHCC and eighteen patients (22.5%) had distal EHCC. 
Staging was according to American Joint Committee on 
Cancer 7th edition.15

2.2  |  Treatment
At our institution, we have routinely treated locally ad-
vanced EHCC with external beam RT usually if there is 
lack of metastatic progression after at least several months 
of systemic chemotherapy. RT was delivered by 3D con-
formal technique, intensity-modulated radiation therapy 
(IMRT), or passive scatter proton beam technique. EDR 
(defined as delivery of higher than 50.4 Gy in 28 fractions 
[biological equivalent dose (BED) >59.5 Gy assuming 
α/β of 10 Gy for tumor16]) was delivered in patients using 
a combination of technologies that enabled higher doses 
to portions of the gross tumor volume (GTV) that was 
away from bowel (Figure 1). The technologies included 
conformal RT with IMRT, daily image guidance, and 
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respiratory motion management. Breath-hold technique 
was used in 13 patients, and CT on rails or cone beam CT 
image guidance was used in 16 patients. Even with the 
use of these technologies, bowel dose constraints limited 
the coverage of the GTV in the EDR group (maximal RT 
dose coverage ranged from 38% to 100% of the GTV). 
Based on physician preference, most patients received 
concurrent chemotherapy with radiotherapy (n = 69). 
The majority were capecitabine-based (62 of 69). Two 
of these patients had their capecitabine held during the 
first 2 weeks due to abdominal pain and nausea in one 

patient and clostridium difficile enterocolitis in the other. 
Other patients received 5-fluorouracil (n = 6) or gemcit-
abine (n = 1). Twenty-three patients received induction 
chemotherapy before RT, and 34 patients received chem-
otherapy after RT. None of the patients underwent onco-
logic resection. Treatment characteristics are detailed in 
Table 1. Patients who developed ascites for obvious clini-
cal reasons other than RT effect were not considered in 
the late toxicity analysis. Acute toxicity was evaluated ac-
cording to the Common Terminology Criteria for adverse 
events v4.03.17

F I G U R E   1   A and B, Images from radiation therapy plan of a patient who was prescribed 225 cGy per fraction for 28 fractions. 70% of gross 
tumor volume (GTV, thick red contour) was covered by the maximal dose (63 Gy, white contour). Arrows show areas of tumor not covered with 
maximal dose. C, Dose-volume histogram (DVH) showing the percentage of GTV that was covered by maximal prescribed dose

A B

C



      |  4883ELGANAINY et al.

T A B L E   1   Patient and treatment characteristics for all patients and by type of EHCC

Baseline patient characteris-
tics (n=80) All patients

Perihilar Cholangiocarcinoma 
(Klatskin’s tumor) Distal Cholangiocarcinoma

Number [%] 80 62 [77.5] 18 [22.5]

Age in years

Mean 66.8 66.85 66.77

Median [range] 68.5 [30-87] 68.5 [30-86] 68 [51-87]

Gender [%]

Male 47 [59] 38 [61] 9 [50]

Female 33 [41] 24 [39] 9 [50]

Race [%]

 White 61 [76] 50 [81] 11 [61]

Other 14 [18] 9 [14] 5 [28]

Unknown 5 [6] 3 [5] 2 [11]

ECOG Scale of performance status [%]

0 31 [39] 25 [40] 6 [33]

1 37 [46] 26 [42] 11 [61]

2 10 [13] 9 [15] 1 [6]

3 2 [2] 2 [3]

Baseline CA 19-9 level (n=71)

Median [range] 174.6 [1-16 050] 192.1 [1-16 050] 28.9 [1-313]

Portal vein involvement [%] 22 [28] 17 [27] 5 [28]

Bismuth-Corletteclassification of perihilar EHCC [%]

Type I 3 [5]

Type II 1 [2]

Type IIIA 12 [19]

Type IIIB 12 [19]

Type IV 34 [55]

T classification

1 1 [1] 1 [2]

2 15 [19] 8 [13] 7 [39]

3 33 [41] 27 [44] 6 [33]

4 31 [39] 26 [42] 5 [28]

N classification

0 38 [48] 27 [44] 11 [61]

1 41 [51] 34 [55] 7 [39]

2 1 [1] 1 [2] 0

Overall stage Stage [n] Stage [n]

I [1] IB [4]

II [3] IIA [4]

IIIA [9] IIB [2]

IIIB [18] III [5]

IVA [23]

IVB [1]

Median radiation dose (Gy) 
[range]

50.4 [30-75] 54 [30-75] 50.4 [50.4-75]

Median BED [range] 59.5 [36-98] 63 [36-98] 59.5 [59.5-98]

(Continues)
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2.3  |  Statistical analysis
We statistically analyzed patient demographics, tumor vari-
ables, treatment variables, acute and late toxicity, freedom 
from local progression (FFLP), freedom from distant pro-
gression (FFDP), and overall survival (OS). Causes of death 
were also analyzed. Statistical analysis was performed using 
JMP pro 12 (SAS, North Carolina, USA). The Kaplan–Meier 
method was used to estimate FFLP, FFDP, and OS, and com-
pared using log-rank test with 95% confidence intervals. FFLP 
was defined as the time between date of RT start and date of 
radiological local progression or first sign of clinical local 
progression. FFDP was defined as the time between date of 
RT start and date of first radiological evidence of hepatic or 
extrahepatic metastasis. OS was defined as the time between 
start of radiotherapy date and the date of death or last follow-
up. Differences in event rates between groups were calculated 
using log-rank test. The association of each variable with OS, 
FFLP, and FFDP was derived from a Cox proportional hazards 
model. All tests were two-sided, and P value ≤0.05 was con-
sidered statistically significant.

3  |   RESULTS

A total of eighty patients received RT for nonmetastatic un-
resectable EHCC during the period between 2001 and 2015. 
There were no significant differences in patient demograph-
ics between patients with perihilar cholangiocarcinoma and 
those with distal cholangiocarcinoma. Median age for all pa-
tients was 68.5 years (range, 30-87 years). 59% were male 
and 76% were Caucasian. Detailed patient characteristics in 
perihilar and distal cholangiocarcinoma are listed in Table 1.

3.1  |  Radiation dose and outcomes
Median RT dose was 50.4 Gy (range, 30-75 Gy), and median 
treatment duration was 37 days (range, 13-64 days). Median 
BED was 59.5. 37 patients received RT doses higher than 
50.4 Gy. Doses of RT used from 2001 to 2015 in this cohort 
of patients are described in Figure S1. Characteristics of pa-
tients who received RT doses more than 50.4 Gy vs those who 
received doses less than or equal to 50.4 Gy are described in 
Table 2. EDR (>50.4 Gy) to portions of the GTV away from 

Baseline patient characteris-
tics (n=80) All patients

Perihilar Cholangiocarcinoma 
(Klatskin’s tumor) Distal Cholangiocarcinoma

Radiation dose group N [%]

BED >59.5 37 [46] 33 [53] 4 [22]

BED ≤59.5 43 [54] 29 [47] 14 [78]

BED >77 18 [22.5] 15 [24] 3 [17]

BED ≤77 62 [77.5] 47 [76] 15 [83]

Concurrent chemotherapy

Yes 69 [86] 54 [87] 15 [83]

No 11 [14] 8 [13] 3 [17]

Radiation technique N [%]

IMRT 44 [55] 38 [61] 6 [33]

Conventional 3D conformal 35 [44] 23 [37] 12 [67]

3D proton beam 1 [1] 1 [2] 0 [0]

RT fractionation regimens N [%]

50.4Gy in 28 fractions 34 [41] 20 [32] 14 [78]

63Gy in 28 fractions 6 [8] 6 [10] 0 [0]

68.4Gy in 38 fractions 6 [8] 5 [8] 1 [6]

75Gy in 25 fractions 4 [5] 2 [3] 2 [11]

67.5Gy in 15 fractions 2 [2.5] 2 [3] 0 [0]

Other regimens 28 [36] 27 [44] 1 [6]

Year treated N [%]

2001-2009 38 [48] 31 [50] 7 [39]

2010-2015 42 [52] 31 [50] 11 [61]

ECOG, Eastern Cooperative Oncology Group; CA 19-9, carbohydrate antigen 19-9; EHCC, extrahepatic cholangiocarcinoma; Gy, gray; BED, biological equivalent 
dose; RT, radiotherapy; IMRT, intensity-modulated radiation therapy.

T A B L E   1   (Continued)
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T A B L E   2   Characteristics of patients 
by treatment with BED >59.5 Gy vs BED 
≤59.5 Gy Characteristic

Patients treated with 
BED >59.5 Gy N (% 
or range)

Patients treated 
with BED ≤59.5 Gy 
N (% or range) P value

Number of patients 37 43

Median age (y) 69 (30-86) 68 (31-87) 0.37*

Gender 0.82†

 Male 21 (43) 26 (60)

 Female 16 (57) 17 (40)

Race 0.84†

 White 28 (76) 33 (77)

 Other 6 (16) 8 (18)

 Unknown 3 (8) 2 (5)

ECOG scale of performance 
status

0.23†

 0 11 (30) 20 (46)

 1 19 (51) 18 (42)

 2 5 (14) 5 (12)

 3 2 (5) 0

Median baseline CA 19-9 182.6 (8.5-16 050) 136.8 (1-3026) 0.12*

Median GTV (cm3) 46.5 (5-360) 63 (6-548) 0.18*

Overall stage 0.12†

 I 1 (3) 5 (12)

 II 4 (11) 7 (16)

 III 15 (40) 21 (49)

 IV 17 (46) 10 (23)

Portal vein involvement 1†

 Yes 10 (27) 12 (28)

 No 27 (73) 31 (72)

EHCC type

 Perihilar 33 (89) 29 (67) 0.03†

 Distal 4 (11) 14 (33)

RT fractionation regimens N [%]

 50.4 Gy in 28 fractions 0 34

 63 Gy in 28 fractions 6 0

 68.4 Gy in 38 fractions 6 0

 75 Gy in 25 fractions 4 0

 67.5 Gy in 15 fractions 2 0

 Other regimens 19 9

Concurrent chemotherapy 0.74†

 Yes 31 (84) 38 (88)

 No 6 (16) 5 (12)

Local progression 13 (46) 15 (54) 1†

RT, radiotherapy; ECOG, Eastern Cooperative Oncology Group; GTV, gross tumor volume; EHCC, extrahe-
patic cholangiocarcinoma.
*Mann-Whitney U test. 
†Fisher’s exact test. 
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bowel did not significantly affect OS or FFLP in all patients 
(P = 0.4 and P = 0.4, respectively; Figure 2C,D). It also did 
not significantly affect OS or FFLP in either the perihilar or 
the distal EHCC cohorts. Other cutoffs of the radiation dose 
also did not significantly affect OS or FFLP (data not shown). 
Analysis revealed no significant differences in OS or FFLP 
between 3D conformal RT and IMRT. Also, there was no 
significant difference in OS or FFLP between patients who 
were treated with RT alone and patients who were treated 
with chemoradiation therapy (Table S1).

3.2  |  Survival and patterns of failure

3.2.1  |  Overall survival and cause of death
At the time of analysis, 19 patients (24%) were still under 
observation or lost to follow-up. The Kaplan-Meier estimate 
of mean overall survival was 21.3 months, and the median 
survival time was 18.7 months (Figure 2A). There was a 
significant difference in OS between patients with perihilar 
EHCC tumors (median OS = 16.7 months) and patients with 

F I G U R E   2   A, Overall survival and B, local control of all patients who received definitive radiation therapy for unresectable 
cholangiocarcinoma. Comparison of overall survival (C), freedom from local progression (D) between patients treated with biological equivalent 
dose (BED) >59.5 Gy vs BED ≤59.5 Gy. E, Contingency analysis of highest GI toxicity grades sorted by RT technique in patients who received 
EDR, and F, causes of death in perihilar and distal EHCC
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distal EHCC tumors (median OS = 27.1 months) (log-rank, 
P = 0.007). Predictors of OS in univariate survival analysis 
were baseline neutrophil/lymphocyte ratio (NLR as a con-
tinuous variable, P = 0.04), normalized baseline CA19-9 
(as a continuous variable, P = 0.0007), local progression 
on chemotherapy prior to RT (P = 0.02), portal vein in-
volvement (P = 0.04), GTV (P = 0.002), overall stage 
(P = 0.002), and ECOG performance status (P = 0.008; 
Table S1). In multivariate survival analysis, higher GTV, 
age, and ECOG performance status were independently as-
sociated with shorter OS (Table 3). We classified long-term 
and short-term survivors with a cutoff of 36 months, and 
we then defined NLR cutoff of 5.3 using receiver operating 
characteristics curve analysis. OS was significantly longer 
in patients with NLR ≤5.3 in comparison with patients with 
NLR >5.3 in univariate analysis (log-rank test, P = 0.002, 
Figure S3A). Of the 61 patients who died, 27 died of bil-
iary or liver complications from the primary tumor. This in-
cluded cholangitis (n = 7), biliary obstruction (n = 6), liver 
failure (n = 3), portal vein occlusion (n = 2), and combined 
causes of two or more of the previous (n = 9). Twelve pa-
tients died from complications of metastatic disease. Five 
patients died of organ failure which included renal failure 
(n = 3), cardiac failure (n = 1), and multi-organ failure 
(n = 1). Seventeen patients had an unknown cause of death 
(Figure 2F).

3.2.2  |  Local progression
Local progression was diagnosed in 28 patients after the 
completion of RT. Median time of FFLP was 22.6 months 
(Figure 2B). Local progression on chemotherapy prior to 
RT was associated with worse FFLP in univariate analysis 
(Table S1). Local progression on chemotherapy prior to RT 
was independently associated with worse FFLP in multivari-
ate analysis (Table 3). The main sites of local progression 
were the liver hilum (n = 11) in perihilar EHCC and the com-
mon bile duct (n = 4) in distal EHCC. FFLP was also sig-
nificantly longer in patients with NLR ≤5.3 in comparison 
with patients with NLR >5.3 in univariate analysis (log-rank, 
P = 0.006, Figure S3B) and in multivariate analysis (Table 
S2). There was no significant difference in FFLP between 
IMRT and other techniques (log-rank, P = 0.8).

3.2.3  |  Distant progression
Overall, 32 patients developed distant metastasis in one or 
more sites after RT. The main sites of distant metastasis were 
the peritoneum (n = 15), the liver (n = 13), and the lung 
(n = 13). Median time of FFDP was 24.3 months (Figure S2). 
Higher baseline NLR, perihilar site of EHCC, not using con-
current chemotherapy, and radiation dose >50.4 Gy were as-
sociated with worse FFDP in univariate analysis (Table S1). 

Baseline NLR demonstrated a trend of being independently 
associated with FFDP as a continuous variable (Table 3). 
FFDP was significantly longer in patients with NLR ≤5.3 
in comparison with patients with NLR >5.3 in univariate 
analysis (log-rank, P = 0.0005, Figure S3C) and multivariate 
analysis (Table S2).

3.3  |  Toxicity
RT alone and chemoradiation therapy (CRT) were gener-
ally well tolerated. The rate of severe acute gastrointes-
tinal (GI) toxicity (Grade 3+) was 11% in all patients. In 
RT doses higher than 50.4 Gy, grade 3+ GI toxicities were 
3.7% for IMRT (1/27 patients), while for the other two 
techniques used they were 33% (3/10 patients, P = 0.03) 
(Figure 2E). The rate of severe (Grade 3+) acute other 
toxicities (excluding hematological toxicities) was 15% in 
all patients. Grades of most common acute toxicities dur-
ing RT/CRT and late effects are listed in Table 4 for all 
patients and by dose of RT. In general, higher RT doses 
were not associated with higher grade toxicities (exclud-
ing hematological toxicities) (P = 0.8). However, grade 
3+ lymphopenia during treatment was correlated with RT 
doses higher than 50.4 Gy (Fisher’s exact, P = 0.053). This 
could also be chemotherapy-related toxicity as most of the 
patients received concurrent chemotherapy. Twenty-six 
patients were hospitalized within 90 days of RT comple-
tion, of whom 10 were hospitalized due to therapy-related 
biliary complications (mainly cholangitis) and six were 
hospitalized due to GI bleeding. 28% late toxicity was re-
corded consisting of ascites (30 patients) and GI bleeding 
(11 patients). 50% of patients who developed ascites re-
quired management.

4  |   DISCUSSION

The purpose of this analysis was to evaluate the effect of se-
lective RT dose escalation to portions of the GTV away from 
bowel in patients with unresectable EHCC. Escalated dose 
of radiation has been shown to be associated with prolonged 
survival in unresectable intrahepatic cholangiocarcinoma and 
unresectable pancreatic ductal adenocarcinoma.18-20 Despite 
the acceptable toxicity of higher RT doses in our study, we 
found that selective escalated RT doses (up to 98 Gy BED) 
did not significantly benefit patients with unresectable EHCC 
with regard to increasing OS or FFLP. Unlike intrahepatic 
cholangiocarcinoma, EHCC is almost always close to bowel, 
limiting the maximal dose and the dose coverage given to the 
GTV. Another possible reason why we did not see a posi-
tive effect of EDR in our cohort of EHCC is selection bias 
for EDR in patients with perihilar EHCC (Table 2). Patients 
with perihilar EHCC are known to have worse prognosis than 
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T A B L E   4   Grades of most common acute toxicities and late effects during RTa for all patients and by treatment with biological equivalent 
dose (BED) >59.5 Gy vs BED ≤59.5 Gy

Toxicity type and grade 
(total number)

All patients N [% 
from n of toxicity]

Patients treated with BED > 
59.5 Gy N [% from n of grade]

Patients treated with BED ≤ 
59.5 Gy N [% from n of grade] P value†

Nausea (56) 0.09

 Grade 1 37 [66] 14 [38] 23 [62]

 Grade 2 16 [29] 11 [69] 5 [31]

 Grade 3 3 [5] 1 [33] 2 [66]

Anorexia (42) 0.87

 Grade 1 23 [55] 13 [57] 10 [43]

 Grade 2 17 [40] 8 [47] 9 [53]

 Grade 3 2 [5] 1 [50] 1 [50]

Vomiting (28) 0.48

 Grade 1 25 [89] 12 [48] 13 [52]

 Grade 2 2 [7] 0 [0] 2 [100]

 Grade 3 1 [4] 1 [100] 0 [0]

Diarrhea (15) 0.77

 Grade 1 15 [100] 6 [40] 9 [60]

Abdominal pain (27) 0.48

 Grade 1 25 [93] 12 [48] 13 [52]

 Grade 2 2 [7] 2 [100] 0 [0]

Fatigue (62) 0.79

 Grade 1 41 [66] 18 [44] 23 [56]

 Grade 2 19 [31] 10 [53] 9 [47]

 Grade 3 2 [3] 1 [50] 1 [50]

Constipation (31) 0.33

 Grade 1 27 [87] 12 [44] 15 [56]

 Grade 2 4 [13] 3 [75] 1 [25]

Dehydration (11) 1

 Grade 2 7 [64] 3 [43] 4 [57]

 Grade 3 4 [36] 2 [50] 2 [50]

Reflux-like symptoms (7) 0.69

 Grade 1 7 [100] 4 [57] 3 [43]

Skin (12) 0.76

 Grade 1 12 [100] 5 [42] 7 [58]

Fever (5) 0.4

 Grade 1 4 [80] 3 [75] 1 [25]

 Grade 2 1 [20] 0 [0] 1 [100]

Anemia 0.59

Grade 3+b 3 [4] 2 [67] 1 [33]

Otherc 77 [96] 35 [45] 42 [55]

Lymphopenia 0.053

Grade 3+b 63 [79] 33 [52] 30 [48]

Otherc 17 [21] 4 [24] 13 [76]

Thrombocytopenia 0.68

Grade 2+b 6 [8] 2 [33] 4 [67]

Otherc 74 [92] 35 [47] 39 [53]
(Continues)
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those with distal EHCC.21 Indeed, this difference in prognosis 
for patients with perihilar and distal EHCC was observed in 
our results. When calculated from time of diagnosis, OS and 
FFLP were still not significantly prolonged with EDR (data 
not shown). Furthermore, when we tried a higher cutoff for 
defining EDR (BED > 77, n = 18), there was no difference 
in the patient outcomes between radiation dose groups. Our 
results demonstrate that local tumor complications represent 
a major cause of morbidity and mortality for patients with 
locally advanced, unresectable EHCC, emphasizing the need 
for more effective multimodality treatments. Furthermore, 
toward personalized approaches to management, we have 
identified several prognostic variables that may guide future 
trial designs.

To our knowledge, this is the largest unresectable EHCC 
cohort that has been analyzed for the effect of EDR and the 
cause of death analysis. Ghafoori et al8 noticed opposite re-
sults in their study where most unresectable EHCC patients 
treated with RT had metastatic rather than local disease pro-
gression. However, their cohort was limited to 37 patients. 
Median OS was reported to be 10-16.5 months in studies fo-
cusing on RT in unresectable EHCC.12,14,22 However, our co-
hort of patients had higher median OS survival (18.7 months).

Elevated baseline peripheral NLR indicates systemic in-
flammation and has been reported to be associated with worse 
prognosis in several types of cancers.23 Our data demonstrate 
that high baseline NLR (>5.3) is associated with shorter 
FFLP and OS. A recent study has shown similar trends with 
a slightly lower cutoff (5) for EHCC cases that were resected 
with a curative intent, but this did not reach statistical signif-
icance.24 An earlier study has shown a lower NLR cutoff (3) 
that also predicted survival for both advanced and resected 
cases of perihilar cholangiocarcinoma.25

Our study shows that RT with or without concurrent 
chemotherapy is well tolerated for the treatment of EHCC. 
This is consistent with our previously published results about 
tolerability of upper abdominal RT with concurrent capecit-
abine.26 We observed grade 3+ lymphopenia in patients who 
received EDR which could be due to chemotherapy or frac-
tionated RT.27 Recently, IMRT technique is considered as an 

alternative to 3D conformal RT in upper abdominal malig-
nancies.28 Despite higher radiation doses with IMRT, we ob-
served lower GI toxicities in patients who received treatment 
with IMRT, compared to 3D. This is consistent with other 
studies which demonstrated that IMRT use spares normal 
tissue and is associated with lower GI toxicities in upper ab-
dominal malignancies.29-32 The use of IMRT technique did 
not compromise local control. Tumor size and distance from 
nearest GI mucosa were not taken into consideration while 
analyzing the protective role of IMRT.

There are limitations of this retrospective study which we 
acknowledge. This single-institution cohort study naturally 
is limited by potential confounding factors. There could be 
potential selection bias in the pretreatment decisions for esca-
lated dose RT, as well as some missing data in the laboratory 
results and the reported toxicities, due to the retrospective 
data collection. Also, local progression was reported based 
on imaging or clinical reporting of local progression which 
may not meet Response Evaluation Criteria in Solid Tumors 
version 1.1. The pre-RT chemotherapy regimens were not 
standardized in terms of regimen and timing. Despite these 
limitations, this study is relatively large for this rare tumor 
type and represents the most comprehensive description of 
EDR in EHCC.

5  |   CONCLUSION

RT dose escalation to portions of the GTV away from 
bowel does not appear to benefit patients with unresect-
able nonmetastatic EHCC. Still, median overall survival 
in our cohort of patients was better than median OS pre-
viously reported in the literature for unresectable EHCC 
treated with RT. More effective radiation treatment options 
need to be developed for these patients to achieve higher 
radiation doses while protecting nearby organs. IMRT is 
associated with lower rates of acute toxicity compared to 
3D techniques. NLR is a readily available indicator of sys-
temic inflammation that may have a role as a prognostic 
biomarker of EHCC.

Toxicity type and grade 
(total number)

All patients N [% 
from n of toxicity]

Patients treated with BED > 
59.5 Gy N [% from n of grade]

Patients treated with BED ≤ 
59.5 Gy N [% from n of grade] P value†

Ascites 30 15 [50] 15 [50] 0.64

Gastrointestinal 
bleeding

11 4 [36] 7 [64] 0.53

aAcute toxicities were graded according to the Common Terminology Criteria for Adverse Events v4.03. 
bNo grade 5 toxicities were reported. 
cIncluding normal values. 
†Fisher’s exact test. 

T A B L E   4   (Continued)
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