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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.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.
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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%.' 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.>* Resectability is determined by
local extent of the tumor including vascular involvement, es-
timated magnitude of pancreatic or liver resection, and meta-
static disease.’ 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.® The role of adju-
vant capecitabine has also been recently investigated in the
BILCAP study.’ 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.'"® 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).'* 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 ecighteen patients (22.5%) had distal EHCC.
Staging was according to American Joint Committee on
Cancer 7th edition."

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
o/p of 10 Gy for tumor'®]) 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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FIGURE 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 (GTYV, 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

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."7
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TABLE 1 Patient and treatment characteristics for all patients and by type of EHCC

Baseline patient characteris- Perihilar Cholangiocarcinoma
tics (n=80) All patients (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] 51[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 11IB 12 [19]

Type IV 34 [55]

T classification
1 1[1] 1[2]

2 15 [19] 8 [13] 7139]
3 33 [41] 27 [44] 6 [33]
4 31 [39] 26 [42] 5128]
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]
1[1] IB [4]
11[3] A [4]
1A [9] 1IB [2]
IIIB [18] 11 [5]
IVA [23]
IVB [1]
Median radiation dose (Gy) 50.4 [30-75] 54 [30-75] 50.4 [50.4-75]
[range]
Median BED [range] 59.5 [36-98] 63 [36-98] 59.5 [59.5-98]

(Continues)
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TABLE 1 (Continued)

Baseline patient characteris-

tics (n=80) All patients
Radiation dose group N [%]
BED >59.5 37 [46]
BED <59.5 43 [54]
BED >77 18 [22.5]
BED <77 62 [77.5]
Concurrent chemotherapy
Yes 69 [86]
No 11[14]
Radiation technique N [%]
IMRT 44 [55]
Conventional 3D conformal 35 [44]
3D proton beam 1[1]

RT fractionation regimens N [%]

50.4Gy in 28 fractions 34 [41]
63Gy in 28 fractions 6 [8]
68.4Gy in 38 fractions 6 [8]
75Gy in 25 fractions 4[5]
67.5Gy in 15 fractions 21[2.5]
Other regimens 28 [36]
Year treated N [%]
2001-2009 38 [48]
2010-2015 42 [52]

ECOG, Eastern Cooperative Oncology Group; CA 19-9, carbohydrate antigen 19-9;

dose; RT, radiotherapy; IMRT, intensity-modulated radiation therapy.

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.

Perihilar Cholangiocarcinoma
(Klatskin’s tumor)

Distal Cholangiocarcinoma

33 [53] 4122]
29 [47] 14 [78]
15 [24] 3[17]
47 [76] 15 [83]
54 [87] 15 [83]
8 [13] 3[17]
38 [61] 6[33]
23 [37] 12 [67]
11[2] 0[0]
20 [32] 14 [78]
6 [10] 0 [0]
58] 116]
2 (3] 2[11]
21[3] 0[0]
27 [44] 1[6]
31 [50] 71[39]
31 [50] 11[61]

EHCC, extrahepatic cholangiocarcinoma; Gy, gray; BED, biological equivalent

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.

31 |

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

Radiation dose and outcomes
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TABLE 2 Characteristics of patients
by treatment with BED >59.5 Gy vs BED
<59.5 Gy

Characteristic

Number of patients
Median age (y)
Gender

Male

Female
Race

White

Other

Unknown

ECOG scale of performance
status

0
1
2
3
Median baseline CA 19-9
Median GTV (cm3)
Overall stage
I
I
I
v
Portal vein involvement
Yes
No
EHCC type
Perihilar
Distal
RT fractionation regimens N [%]
50.4 Gy in 28 fractions
63 Gy in 28 fractions
68.4 Gy in 38 fractions
75 Gy in 25 fractions
67.5 Gy in 15 fractions
Other regimens
Concurrent chemotherapy
Yes
No

Local progression

Patients treated with  Patients treated

BED >59.5 Gy N (%
or range)

37
69 (30-86)

21 (43)
16 (57)

28 (76)
6 (16)
3(8)

11 (30)
19 (51)
5(14)
2(5)
182.6 (8.5-16 050)
46.5 (5-360)

1(3)
4(11)
15 (40)
17 (46)

10 27)
27 (73)

33 (89)
4(11)

N A N N O

19

31 (84)
6 (16)
13 (46)

with BED <59.5 Gy
N (% or range)

43
68 (31-87)

26 (60)
17 (40)

33 (77)
8 (18)
2(5)

20 (46)
18 (42)
5(12)
0
136.8 (1-3026)
63 (6-548)

5(12)
7 (16)
21 (49)
10 (23)

12 (28)
31 (72)

29 (67)
14 (33)

34

o O O O O

38 (88)
5(12)
15 (54)

. 4885
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P value

0.37"
0.82°

0.84"

0.23"

0.12"
0.18"
0.127

0.03"

0.74

1t

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 | Opverall 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
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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).

322 |

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).

Local progression

323 |

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).

Distant progression

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).

33 |

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-

Toxicity

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.'®% 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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TABLE 4  Grades of most common acute toxicities and late effects during RT* 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)
Nausea (56)
Grade 1
Grade 2
Grade 3
Anorexia (42)
Grade 1
Grade 2
Grade 3
Vomiting (28)
Grade 1
Grade 2
Grade 3
Diarrhea (15)
Grade 1
Abdominal pain (27)
Grade 1
Grade 2
Fatigue (62)
Grade 1
Grade 2
Grade 3
Constipation (31)
Grade 1
Grade 2
Dehydration (11)
Grade 2
Grade 3
Reflux-like symptoms (7)
Grade 1
Skin (12)
Grade 1
Fever (5)
Grade 1
Grade 2
Anemia
Grade 3+°
Other®
Lymphopenia
Grade 3+°
Other®
Thrombocytopenia
Grade 2+°
Other®

All patients N [%
from n of toxicity]

37 [66]
16 [29]
3[5]

23 [55]
17 [40]
2 [5]
25 [89]
21[7]
1[4]

15 [100]

25 [93]
217]

41 [66]
19 [31]

2[3]

27 [87]
4[13]

7 [64]
4[36]

7[100]

12 [100]

4[80]
1 [20]

3[4]
77 [96]

63 [79]
17 [21]

6 [8]
74 [92]

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

14 [38]
11 [69]
1 [33]

13 [57]
8 [47]
1[50]

12 [48]
01[0]

1 [100]

6 [40]

12 [48]
2[100]

18 [44]
10 [53]

1 [50]

12 [44]
3 [75]

3 [43]
2[50]

4[57]

51[42]

3[75]
0[0]

2 [67]
35 [45]

33[52]
4[24]

2 [33]
35 [47]

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

23 [62]
5[31]
2 [66]

10 [43]
9 [53]
1[50]

13 [52]
2[100]
0 [0]

9 [60]

13 [52]
0[0]

23 [56]
9 [47]

1 [50]

15 [56]
1 [25]

4 [57]
2 [50]

3[43]

7[58]

1[25]
1 [100]

1[33]
42 [55]

30 [48]
13 [76]

4 [67]
39 [53]

P value'

0.09

0.87

0.48

0.77

0.48

0.79

0.33

0.69

0.76

0.4

0.59

0.053

0.68

(Continues)
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TABLE 4 (Continued)
Toxicity type and grade  All patients N [% Patients treated with BED > Patients treated with BED <
(total number) from n of toxicity] 59.5 Gy N [% from n of grade] 59.5 Gy N [% from n of grade] P value'
Ascites 30 15 [50] 15 [50] 0.64
Gastrointestinal 11 4 [36] 7 [64] 0.53
bleeding

“Acute toxicities were graded according to the Common Terminology Criteria for Adverse Events v4.03.

"No grade 5 toxicities were reported.
“Including normal values.
"Fisher’s exact test.

those with distal EHCC.*! 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 al® 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.!>1422 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.” 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.”* 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.”® We observed grade 3+ lymphopenia in patients who
received EDR which could be due to chemotherapy or frac-
tionated RT.”’ Recently, IMRT technique is considered as an

alternative to 3D conformal RT in upper abdominal malig-
nancies.”® 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.”’* 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.

S | 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.



ELGANAINY ET AL.

. 4891
Cancer Medicine - WI LEYJ—

CONFLICT OF INTEREST

The authors have no conflicts to disclose.

ORCID

Dalia Elganainy
Ahmed Kaseb

http://orcid.org/0000-0003-4427-986X
http://orcid.org/0000-0002-9491-0587

REFERENCES

1.

10.

11.

12.

13.

Howlader N, Noone AM, Krapcho M, et al. SEER Cancer
Statistics Review, 1975-2013. Bethesda, MD: National Cancer
Institute. http://seer.cancer.gov/csr/1975_2013/, based on
November 2015 SEER data submission, posted to the SEER
web site, April 2016.

Khan SA, Davidson BR, Goldin R, et al. Guidelines for the diag-
nosis and treatment of cholangiocarcinoma: consensus document.
Gut. 2002;51(Suppl. 6):VI1-9.

. Schiffman SC, Reuter NP, McMasters KM, Scoggins CR, Martin

RC. Overall survival peri-hilar cholangiocarcinoma: R1 resection
with curative intent compared to primary endoscopic therapy. J
Surg Oncol. 2012;105:91-96.

Jarnagin WR, Fong Y, DeMatteo RP, et al. Staging, resectability,
and outcome in 225 patients with hilar cholangiocarcinoma. Ann
Surg. 2001;234:507-517; discussion 517-509.

. Yachimski P, Pratt DS. Cholangiocarcinoma: natural history,

treatment, and strategies for surveillance in high-risk patients. J
Clin Gastroenterol. 2008;42:178-190.

. Ben-Josef E, Guthrie KA, El-Khoueiry AB, et al. SWOG S0809:

a phase II intergroup trial of adjuvant capecitabine and gemcit-
abine followed by radiotherapy and concurrent capecitabine in
extrahepatic cholangiocarcinoma and gallbladder carcinoma. J
Clin Oncol. 2015;33:2617-2622.

Primrose JN, Fox R, Palmer DH, et al. Adjuvant capecitabine for
biliary tract cancer: the BILCAP randomized study. J Clin Oncol.
2017;35:4006-4006.

Ghafoori AP, Nelson JW, Willett CG, et al. Radiotherapy in the
treatment of patients with unresectable extrahepatic cholangiocar-
cinoma. Int J Radiat Oncol Biol Phys. 2011;81:654-659.
Ben-David MA, Griffith KA, Abu-Isa E, et al. External-beam ra-
diotherapy for localized extrahepatic cholangiocarcinoma. Int J
Radiat Oncol Biol Phys. 2006;66:772-779.

Shinohara ET, Mitra N, Guo M, Metz JM. Radiotherapy is asso-
ciated with improved survival in adjuvant and palliative treatment
of extrahepatic cholangiocarcinomas. Int J Radiat Oncol Biol
Phys. 2009;74:1191-1198.

Foo ML, Gunderson LL, Bender CE, Buskirk SJ. External ra-
diation therapy and transcatheter iridium in the treatment of
extrahepatic bile duct carcinoma. Int J Radiat Oncol Biol Phys.
1997;39:929-935.

Brunner TB, Schwab D, Meyer T, Sauer R. Chemoradiation may
prolong survival of patients with non-bulky unresectable extrahe-
patic biliary carcinoma. Strahlenther Onkol. 2004;180:751-757.
Torgeson A, Lloyd S, Boothe D, et al. Chemoradiation therapy for
unresected extrahepatic cholangiocarcinoma: a propensity score-
matched analysis. Ann Surg Oncol. 2017;24:4001-4008.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Crane CH, Macdonald KO, Vauthey JN, et al. Limitations of con-
ventional doses of chemoradiation for unresectable biliary cancer.
Int J Radiat Oncol Biol Phys. 2002;53:969-974.

Edge SB, Byrd DR, Compton CC; American Joint Committee on
Cancer. AJCC Cancer Staging Manual, 7Tth edn. New York, NY:
Springer; 2010: 263-270; 271-276.

Niemierko A. Reporting and analyzing dose distributions: a con-
cept of equivalent uniform dose. Med Phys. 1997;24:103-110.
National Cancer Institute. Common Terminology Criteria for
Adverse Events v4.03. NCI, NIH, DHHS. May 29, 2009. Available
online at http://evs.nci.nih.gov/ftpl/CTCAE/CTCAE_4.03_2010-
06-14_QuickReference_5x7.pdf.

Tao R, Krishnan S, Bhosale PR, et al. Ablative radiotherapy doses
lead to a substantial prolongation of survival in patients with in-
operable intrahepatic cholangiocarcinoma: a retrospective dose
response analysis. J Clin Oncol. 2016;34:219-226.

Hall WA, Colbert LE, Nickleach D, et al. The influence of radi-
ation therapy dose escalation on overall survival in unresectable
pancreatic adenocarcinoma. J Gastrointest Oncol. 2014;5:77-85.
Krishnan S, Chadha AS, Suh Y, et al. Focal radiation therapy
dose escalation improves overall survival in locally advanced
pancreatic cancer patients receiving induction chemotherapy
and consolidative chemoradiation. Int J Radiat Oncol Biol Phys.
2016;94:755-765.

Nakeeb A, Pitt HA, Sohn TA, et al. Cholangiocarcinoma. A
spectrum of intrahepatic, perihilar, and distal tumors. Ann Surg.
1996;224:463-475.

Habermehl D, Lindel K, Rieken S, et al. Chemoradiation in
patients with unresectable extrahepatic and hilar cholangiocar-
cinoma or at high risk for disease recurrence after resection.
Strahlenther Onkol. 2012;188:795-801.

Templeton AJ, McNamara MG, Seruga B, et al. Prognostic role
of neutrophil-to-lymphocyte ratio in solid tumors: a systematic
review and meta-analysis. J Natl Cancer Inst. 2014;106:djul24.
Beal EW, Wei L, Ethun CG, et al. Elevated NLR in gallblad-
der cancer and cholangiocarcinoma—making bad cancers even
worse: results from the US Extrahepatic Biliary Malignancy
Consortium. HPB (Oxford). 2016;18:950-957.

McNamara MG, Templeton AJ, Maganti M, et al. Neutrophil/
lymphocyte ratio as a prognostic factor in biliary tract cancer. Eur
J Cancer. 2014;50:1581-1589.

Das P, Wolff RA, Abbruzzese JL, et al. Concurrent capecitabine
and upper abdominal radiation therapy is well tolerated. Radiat
Oncol (London, England). 2006;1:41-44.

Wild AT, Herman JM, Dholakia AS, et al. Lymphocyte-sparing
effect of stereotactic body radiation therapy in patients with
unresectable pancreatic cancer. Int J Radiat Oncol Biol Phys.
2016;94:571-579.

Taremi M, Ringash J, Dawson LA. Upper abdominal malignan-
cies: intensity-modulated radiation therapy. Front Radiat Ther
Oncol. 2007;40:272-288.

Poppe MM, Narra V, Yue NJ, Zhou J, Nelson C, Jabbour SK.
A comparison of helical intensity-modulated radiotherapy,
intensity-modulated radiotherapy, and 3D-conformal radiation
therapy for pancreatic cancer. Med Dosim. 2011;36:351-357.
Ringash J, Perkins G, Brierley J, et al. IMRT for adjuvant radia-
tion in gastric cancer: a preferred plan? Int J Radiat Oncol Biol
Phys. 2005;63:732-738.


http://orcid.org/0000-0003-4427-986X
http://orcid.org/0000-0003-4427-986X
http://orcid.org/0000-0002-9491-0587
http://orcid.org/0000-0002-9491-0587
http://seer.cancer.gov/csr/1975_2013/
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf

ELGANAINY ET AL.

4892 .
—I—WI LEY—Cancer Medicine _

31. Milano MT, Chmura SJ, Garofalo MC, et al. Intensity-modulated
radiotherapy in treatment of pancreatic and bile duct malignan-
cies: toxicity and clinical outcome. Int J Radiat Oncol Biol Phys.
2004;59:445-453.

32. Colbert LE, Moningi S, Chadha A, et al. Dose escalation with
an IMRT technique in 15 to 28 fractions is better tolerated
than standard doses of 3DCRT for LAPC. Adv Radiat Oncol.
2017;2:403-415. https://doi.org/10.1016/j.adro.2017.02.004.

SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

How to cite this article: Elganainy D, Holliday EB,
Taniguchi CM, et al. Dose escalation of radiotherapy in
unresectable extrahepatic cholangiocarcinoma. Cancer
Med. 2018;7:4880-4892. https://doi.org/10.1002/
cam4.1734



https://doi.org/10.1016/j.adro.2017.02.004
https://doi.org/10.1002/cam4.1734
https://doi.org/10.1002/cam4.1734

