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Purpose: To evaluate the results of postoperative radiotherapy in patients with extra-hepatic bile duct cancer (EHBDC) and
identify the prognostic factors for local control and survival.

Materials and Methods: Between January 2001 and December 2010, we retrospectively reviewed the cases of 70 patients with
EHBDC who had undergone curative resection and received postoperative radiotherapy. The median radiation dose was 50.4 Gy (range,
41.4 to 54 Gy). The resection margin status was RQ in 30 patients (42.9%), R1 in 25 patients (35.7%), and R2 in 15 patients (21.4%).
Results: The 5-year rates of overall survival (0S), event-free survival (EFS), and locoregional control (LRC) for all patients were
42.9%, 38.3%, and 61.2%, respectively. The major pattern of failure was distant relapses (33 patients, 47.1%). A multivariate
analysis showed that the postradiotherapy CA19-9 level, radiation dose (>50 Gy), R2 resection margins, perineural invasion, and T
stage were the significant prognostic factors for OS, EFS, and LRC. OS was not significantly different between the patients receiving
RO and R1 resections, but was significantly lower among those receiving R2 resection (54.6%, 56.1%, and 7.1% for RO, R1, and R2
resections, respectively).

Conclusion: In patients with EHBDC who had undergone curative resection, a postoperative radiotherapy dose less than 50 Gy
was suboptimal for OS and LRC. Higher radiation doses may be needed to obtain better LRC. Further investigation of novel therapy
or palliative treatment should be considered for patients receiving R2 resection.
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Introduction resection is associated with long-term survival [3,4], but local
regional occurrence is a major pattern of failure, even after

Extra-hepatic bile duct cancer (EHBDC) is a relatively rare  complete resection [5,6].
malignancy that is predominantly fatal [1,2]. Complete surgical Adjuvant treatment for patients with EHBDC may decrease
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locoregional recurrence and improve survival; however,
such treatment is administered according to the physician's
preference or institutional policy. Because EHBDC is relatively
rare, there are few randomized controlled trials evaluating
treatment options, and most of the relevant reports are from
retrospective studies. The benefits of adjuvant radiotherapy
(RT) and/or chemotherapy in resectable patients are therefore
poorly defined. Several reports suggest that adjuvant RT has
no effect on survival [7,8]. However, some reports suggest that
adjuvant RT could improve locoregional control and survival
[9-17].

We analyzed single-institutional outcomes for patients with
resected EHBDC who underwent adjuvant RT to evaluate the
effects of adjuvant RT and identify survival rates, patterns of
treatment failure, and prognostic factors.

Materials and Methods

1. Study design and patient characteristics

Between January 2001 and December 2010, 78 patients with
EHBDC underwent curative resection and postoperative RT
at the Severance Hospital or Gangnam Severance Hospital
in Seoul, Korea. The eligibility criteria for this study were
pathologically confirmed EHBDC adenocarcinoma, no distant
metastasis, no other previous or current malignancies or newly
developed malignancies after curative resection, a maximum
Eastern Cooperative Oncology Group performance status
of two, and a radiation dose greater than 40 Gy. Patients
who died after surgery from postoperative complications or
comorbidities and those with carcinoma of the intrahepatic
bile ducts, gallbladder, or ampulla of Vater were excluded. A
total of eight patients were excluded, and 70 patients were
retrospectively analyzed.

The disease stage for all patients was determined according
to the sixth edition of the American Joint Committee on
Cancer (AJCC) system. The resection margins were classified as
negative resection margins (R0), microscopic residual tumor
(R1), or macroscopic residual tumor (R2).

The characteristics of the 70 patients are summarized in
Table 1. The median age was 63 years (range, 37 to 79 years),
and there were 42 males and 28 females. The location of
the primary tumor was the perihilar bile duct in 26 patients
and distal in 44 patients. Fifty-two patients (74.3%) and
12 patients (17.1%) had a serum carbohydrate antigen
(CA) 19-9 level greater than the upper normal limit (37 U/
ml) before resection and after radiotherapy, respectively.
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Table 1. Patient characteristics

Characteristic No. of patients (%)

Age (yr), median (range) 63 (37-79)
Sex

Male 42 (60.0)

Female 28 (40.0)
Tumor location

Perihilar 26 (37.1)

Distal 44 (62.9)
Preoperative CA19-9 (U/mlL)

<37 18 (25.7)

>37 52 (74.3)
Postradiotherapy CA19-9 (U/mL)

<37 58 (82.9)

>37 12 (17.1)
Surgical procedure

Bile duct resection 31 (44.3)

Liver lobectomy with bile duct resection 15(21.4)

PPPD 24 (34.3)
Concurrent chemotherapy

Yes 38 (54.3)

No 32 (45.7)
Radiation dose (Gy)

<50 28 (40.0)

>50 42 (60.0)
Residual tumor

RO resection 30 (42.9)

R1 resection 25 (35.7)

R2 resection 15(21.4)
Histologic grade

Well differentiated 17 (24.3)

Moderately differentiated 43 (61.4)

Poorly differentiated 8 (11.4)

Not specified 2(2.9)
Perineural invasion

Yes 20 (28.6)

No 50 (71.4)
Lymphovascular invasion

Yes 55 (78.6)

No 15 (21.4)
T stage

T2 37 (52.9)

T3 25 (35.7)

T4 8 (11.4)
N stage

NO 39 (55.7)

N1 31 (44.3)

CA, carbohydrate antigen; PPPD, pylorus-preserving pancreati-
coduodenectomy.
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Resection was limited to the bile duct alone in 31 patients
because of old age, comorbidity, limited tumor extent, or
poor liver function. Fifteen patients underwent bile duct
resection with liver resection, and 24 patients underwent
pylorus-preserving pancreaticoduodenectomy. Thirty-two
patients (45.7%) received postoperative RT alone, and 38
patients (54.3%) underwent postoperative RT and concurrent
chemoradiotherapy. Thirty patients (42.9%), 25 patients
(35.7%), and 15 patients (21.4%) had RO, R1, and R2 resection
margins, respectively. Regional lymph node metastasis was
found after lymph node dissection in 31 patients (44.3%).

2. Adjuvant therapy

Postoperative RT is typically recommended for patients who
have positive resection margins. Patients with negative
resection margins received postoperative RT according to
the physician's preference. The RT was generally started 4 to
6 weeks (median, 40 days) after resection. All the patients
were treated with three-dimensional conformal radiotherapy
(3DCRT). The clinical target volume included the primary tumor
bed with a 1- to 2-cm margin and the regional lymphatics.
The planning target volume included the clinical target
volume and a uniform 0.5-cm margin. External beam RT
(EBRT) was delivered with multiple fields using megavoltage
photon beams at 1.8 Gy daily for 5 days each week. A total
radiotherapy dose is determined by not margin status (Table
2) but the physician's preference or organ-at-risk (duodenum,
stomach). All treatment plans were determined individually,
considering the planning target volume and organs-at-risk
(e.g., duodenum, liver, and kidney). The median radiation dose
was 50.4 Gy (range, 41.4 to 54 Gy), and 42 patients (60%)
received a dose of 50 Gy or more. Concomitant 5-fluorouracil-
based or gemcitabine-based chemotherapy was administered
concurrently by the referring physician's preference. Two cycles

Table 2. Association between resection margin and radiation

dose
Radiation dose (Gy)
p-value
<50 >50
Resection margin 0.543
RO resection 14 (50.0) 16 (38.1)
R1 resection 8 (28.6) 17 (40.5)
R2 resection 6(21.4) 9(21.4)

Values are presented as number (%).
The p-value was calculated by chi-square test.
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of 5-fluorouracil (1,000 mg/m*/day) and leucovorin (20 mg/
m’/day) was administered for 4 days in the first and last week
of RT. Gemcitabine was administered at 1,000 mg/m2 weekly
during RT.

3. Statistical analysis

Survival was calculated from the date of surgical resection.
The time of each recurrence event was measured from the
date of the surgery to the date of the recurrence. Locoregional
recurrence was defined as any recurrence in the primary
tumor bed and regional lymphatic areas. Distal recurrence was
defined as the appearance of disease in the systemic organ,
peritoneum, or distant lymph nodes.

Resection margin and radiation dose were compared using
the chi-square test. The survival rates were calculated using
Kaplan-Meier methods. The assessment of prognostic factors
for survival was performed using the log-rank test and the Cox
proportional hazards model.

Results

1. Survival

The median follow-up time was 63 months (range, 30 to 127
months) for the surviving patients. Of the 70 patients, 21
(30.0%) survived at least until the end of the follow-up period.
The median overall survival time was 45 months. The 5-year
overall survival (0S), event-free survival (EFS), and locoregional
control (LRC) rates were 42.9%, 38.3%, and 61.2%, respectively
(Fig. 1).

2. Patterns of failure

The site of recurrence was evaluated in all patients over the
entire follow-up period (Table 3). There were a total of 55
failures in 39 patients (55.7%), and distant metastasis was the
dominant type of failure. Locoregional recurrence occurred
in 22 patients (31.4%), and distant metastasis occurred in 33
patients (47.1%). Locoregional recurrences were the first event
in 20 patients (28.6%), and distant relapse occurred first in
31 patients (44.3%). Sixteen patients had both locoregional
relapse and distant metastasis during the follow-up period.
The liver was the most common primary metastatic recurrence
site (13 patients).

3. Prognostic factors
The results of the univariate analysis of OS, EFS, and LRC
are summarized in Table 4. The univariate analysis showed
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Fig. 1. Overall survival (0S), event-free survival (EFS), and locore-
gional control (LRC) rates for all 70 patients who underwent post-
operative radiotherapy.

that a postradiotherapy CA19-9 level of at least 37 U/
mL, the resection margin, and perineural invasion were
independent prognostic factors for 0S (p < 0.05). The
postradiotherapy CA19-9 level, the resection margin, and
the N stage were significant prognostic factors for EFS (p <
0.05). The postradiotherapy CA19-9 level, the radiation dose,
the resection margin, and the lymphovascular invasion were
significant prognostic factors for LRC (p < 0.05).

The results of the multivariate analysis of OS, EFS, and LRC
are shown in Table 5. A postradiotherapy CA19-9 level of at
least 37 U/mL, a radiation dose of at least 50 Gy, the perineural
invasion, and the T stage were significant prognostic factor for
0S, EFS, and LRC (p < 0.05).

The patients with RO and R1 resection margins had similar
5-year OS, EFS, and LRC rates (54.6% and 56.1%, 48.8% and
50.9%, and 81.9% and 78.2%, respectively). The patients with
R2 resection margins had significantly lower 5-year OS, EFS,
and LRC rates (7.1%, 6.7%, and 10.0%, respectively) (Table 4).
R2 resection was a significant prognostic factor for 0S (p =
0.001), EFS (p < 0.001), and LRC (p < 0.001) in the multivariate
analysis (Table 5).

Discussion and Conclusion

We retrospectively analyzed 70 patients with EHBDC who
had undergone curative resection and adjuvant radiotherapy.
Distant metastases were more common than locoregional
failures. The postradiotherapy CA19-9 level, the radiation dose,
the resection margin, the perineural invasion, and the T stage
were independent prognostic factors for OS, EFS, and LRC.
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Table 3. Patterns of first and total recurrence over the entire
follow-up period (n = 70)

First recurrence Total recurrence

LRF 20 (28.6) 22(31.4)
DF 31 (44.3) 33 (47.1)
LRF + DF 12 (17.1) 16 (22.9)

Values are presented as number (%).
LRF, locoregional failure; DF, distant failure.

Locoregional recurrence can cause bile duct obstruction and
hepatic failure and subsequently lead to mortality. Adjuvant
RT may increase EFS and OS by improving locoregional disease
control. A previous study found that 59% of patients with
hilar cholangiocarcinoma experienced locoregional recurrence
[6]. In another study, locoregional relapse occurred in 54.7%
of patients with middle and distal bile duct cancers [18]. These
results suggest that locoregional disease recurrence rates
following surgery alone were high. Postoperative RT with or
without chemotherapy has been used to decrease locoregional
recurrence rates. The first recurrence event was locoregional in
20 patients (28.6%) in the present study. Other studies found
that the locoregional relapse rate for patients undergoing
adjuvant RT was 17% to 24% [9,12,14-16,19,20]. These
findings suggest that adjuvant RT reduces the locoregional
recurrence rate.

Qur findings that the 5-year OS and LRC rates were 42.9%
and 61.2%, respectively, are comparable to those of several
other recent retrospective studies. Several investigators
reported that the 5-year LRC rate for patients receiving
adjuvant RT was 59% to 70% [12,14,16,19,20], and the 5-year
0S was 35% to 45% [12,14,16,19,20].

In our study, the major pattern of recurrence was distant
metastasis. Other studies also reported that distant metastasis
was the major pattern of recurrence (44% to 52%) in patients
undergoing adjuvant RT [15,19,20]. Oh et al. [21] reported
that failures caused by distant metastasis occurred in 42%
of patients. Among patients undergoing surgery alone,
however, the most common failure pattern was locoregional
[14,15]. Adjuvant RT, therefore, appears to shift the major
cause of treatment failure from locoregional recurrence to
distant metastasis. These findings suggest that more effective
systemic chemotherapies should be considered to decrease
distant metastasis in patients undergoing adjuvant RT.

Several studies have shown that there were no significant
differences in the 5-year OS rates between patients receiving

http://dx.doi.org/10.3857/r0j.2014.32.1.7
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Table 4. Univariate analysis of prognostic factors

Postoperative RT in EHBDC

5-yr survival rate (%)

Prognostic factor No.
0S p-value EFS p-value LRC p-value
Age (yr) 0.956 0.926 0.364
<60 24 40.1 379 53.5
>60 46 447 38.5 66.1
Sex 0.254 0.776 0.656
Male 42 37.8 40.1 57.8
Female 28 521 35.5 65.5
Tumor location 0.092 0.180 0.254
Perihilar 26 30.4 31.3 579
Distal 44 50.4 43.4 64.6
Preoperative CA19-9 (U/mL) 0.197 0.083 0.712
<37 18 49.7 53.3 60.4
>37 52 40.2 32.6 62.0
Postradiotherapy CA19-9 (U/mL) <0.001 0.001 0.001
<37 58 50.2 443 66.6
>37 12 9.1 9.5 34.3
Concurrent chemotherapy 0.158 0.123 0.984
Yes 38 48.7 46.6 61.1
No 32 36.9 29.2 61.0
Radiation dose (Gy) 0.109 0.115 0.043
<50 28 34.6 32.8 50.8
>50 42 48.0 42.3 68.5
Resection margin 0.028 0.028 <0.001
RO resection 30 54.6 48.8 81.9
R1 resection 25 56.1 50.9 78.2
R2 resection 15 7.1 6.7 10.0
Histologic grade 0.968 0.749 0.454
WD/MD 60 42.5 36.8 58.5
PD 8 50.0 56.3 87.5
Perineural invasion 0.031 0.138 0.099
Yes 50 35.0 35.6 56.4
No 20 63.2 47.0 74.6
Lymphovascular invasion 0.432 0.114 0.034
Yes 15 35.7 26.7 40.4
No 55 45.2 41.6 67.0
T stage 0.072 0.114 0.264
T2 37 46.3 42.2 63.6
13-4 33 38.9 334 58.5
N stage 0.083 0.034 0.275
NO 39 48.6 45.2 63.7
N1 31 35.2 30.3 58.9

0S, overall survival; EFS, event-free survival; LRC, locoregional control; CA, carbohydrate antigen; WD, well differentiated; MD, moder-

ately differentiated; PD, poorly differentiated.

RO resections and those receiving R1 resections [19-21].

These reports suggest that adjuvant RT might help to control

microscopic residual tumors, which translates into OS benefits.

Our results support such a hypothesis. However, LRC in

patients receiving R2 resection was poor [19,22]. Koh et al.

http://dx.doi.org/10.3857/r0j.2014.32.1.7

[22] found that 2-year and median LRC in patients with gross
residual disease were 37% and 15.5 months, respectively.
Park et al. [19] reported that 5-year LRC and OS for patients
with R2 resection were 0.0%. Todoroki et al. [9] reported
that 13 of 14 patients with R2 resection received adjuvant

Www.e-roj.org 1



'ROJ
Journa

logy

Radiation Onco

etal

Ho |m.

Jung

6
lone [
T (IORT) a 0%
ive R as 0.
operati roSw s
rintra he 5-yea ion wa
ients) o ients). T esect
atien atien tR2r (b <
(2p 5p ha EFS
e RT ( dt )
EBRT alon EBRT + 10 is showe (p = 0.001), ly 7.1%
s - )
ients), or ivariate analy for 05 (p was only st
atie ltivariate ar ctor Srate ugge
Fg] Our mu ognostic fa The 5-year O therefore s sity-
Canificant pr 1). ion. We inten
528 significa (p < 0.00 resection. ¥ such as liative
© 5 83 3 d and LRC iving R2 odalities, torpa
S s g g (\D/ o 0001]' ients recej dated m eted agen
1 g8 3 v among |0at'| trials using :E\)/IRT] and targ ceiving
T>u VARV Hnica rapy tients. tients re d
7 that ¢ adiothe hese pa in pa reporte
_ ¥ ted r or these oses 9
T w o % modula is needed adiation d roki et al. [ ith EBRT
= 8s2%8 tment, is need her r d. Todo tment w te
= 2z g= 3O trea t of hig alyzed. Tod trea ival ra
? (: % o’\o '_\I l-fl) <Il' 8 | The effEC |y been an R] resectlon' 5 year surv RT or
L NS © g 83 has rare eiving best 5- erative
_ e © R EBRT ients rec ielded the intraop ived EBRT
O s S o by patie ive RT yie ith either i ceve ;
o (S g _ = — ™ tfor e h e re . on
B oo S3IR 58 g thad mtraopera“;eatme”t Wlis in our StuiZat the radlatc (p
222 [ee] < — = ® [ an ith tien ed d LR
I50) - «~ k=) w a is show an
T S - < compared All of the.p analysis s for 05, EFS, Gy was
¥ EBRT alone. multivariate ostic factor less than 50 ggest
[ the rognostic t dose fe SUgge:
9els alone, and signiﬁcantp)'a rad'at'onos We therefovant RTin
= a ; : ‘
© s g | g g E dOSe was ch measur.e | LRC and G\/ fOr adJu t a dose
o5 Q S S S 5 for ea. boptima han 50 i ivered a t
© o S S S 00 su rt deli men
o p=d o S o V] - < iated with reate RT is | treat
Tju 'so S S associate iation dose g adjuvant conforma lications
T = dia hen ing Ic
i s . ara DC.W nd us comp
o T = using ith EHB me issue
L S ® §. 5 g atients with 0 Gy, we recome normal tis important
t S § 0 2 < 7 < p ter than 5 T) to reduc asanimp Tin
T 528 Y5 59 N IS grea or IMR isk sparing. 9-9 level w rative R
° g R 228 23 g (3DCRT an-at-ris hat the CA " postope that the
= LS o — - — = r a 0 .
< o N 2 3 = 33 S through olg“g] foundtﬂer surgery also found rognostic
g, = =} -5 - o - = . . a . e . .
S = 23h g J Park et a indicator Likewise, w significant p ressive
o 3 8 2 - < oG nostic EHBDC. | was a ore agg the
g ~ o = prog ts with A19-9 leve ted that m in whom
2 patien iotherapy C ] sugges patients ive RT. These
= adio . [19 idered for ative ir
= 7] str al. ere er the
- po k et sid stop ve
Rs3 ., 5 Y r. Par be con fter po impro
g %5 S 3 £ facto should levated a les to
Yl o 3 3 S o *é atment ains ele ional strateg is
= ‘(2 | g S o tre level rem addition The Study
= o CA19-9 ikely need study. uld not
o — é‘ Al ients like to our biases co se
- ©© S N = patie imitations nized iation do
S ) o & 2 |z utcomes. me lim d unrecog and radi The
= O & TP 3 S ° are so re, an olume ference.
HIRE NS 228 = |z There ar in nature, the RT volt lan's prefer to the
= < oy © B R 2 = 2 spective ddition, hYS'C. ccording ts
S I 28 S = = e — retro d In a to the p ined 3 atmen
28 . B S S= g 2 o nsidered. rding determ us tre t-
S| @ T < R o 3 be co lied acco was also terogeneo treatmen
o > : fl?‘ i v 4 WEre app regimen refore, he tanalyze
T e - o S_ otherapy nce. The We did no DC
o . s chem ian's prefere ing factor. ith EHB
S 2 physician onfounding atients wi egional
tf_% U £ . €ac ornp ocor -
o = = Y might b icity. juvant RT f reduce loc Further
= é a s lated toxi on adJUV tion can S benefit. ight
e 0> gs 2 re clusion, ive resec into an O 0 Gy mig
o> ™~ S o = con tive Into ns ith
I — £ ™ TS S In . cura slate r tha ients w
5 4(—43) = Al é Q o dergo|hg ich can tran e hlghe in pat|€n
5 Tho o =8 S un whic ith a dos S rate |
n - C,a NG S < . rence, T wit ar O
2 £ 26 25 g recurrence ant R he 5-ye
= v _E®<m ;"“_A,_\;; djuv LT
gl L T 4O AL S S S oY = = ore, a ontro
s 3 895‘;95}3?@&59 m e local c
2 3 zégsgﬁass:%m improv
© S v £ © c & g5 5 o 2| =
= '*5-3*5%.0‘3‘“:“?%“%
= 8%23%;5\5'63'—2%
e — — © wn [a NN
= 3555
T 24
=
(%]
K

2.1.7
i.2014.3

0J.
doi.org/10.3857/ro]

/[dx.doi.

http.//

j.org

e-roj.

WWW.

12



ROJ Radiation Oncology Journal

R2 resection was very low, and we therefore recommend
further investigation of adjuvant therapies (IMRT and targeted
agent) in prospective studies or palliative treatment for these
patients.
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