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Purpose

This study assessed the feasibility and compliance of induction chemotherapy with gemc-

itabine and cisplatin followed by simultaneous integrated boost–intensity modulated radio-

therapy (SIB-IMRT) with concurrent gemcitabine in patients with locally advanced unre-

sectable pancreatic cancer.

Materials and Methods

In this trial, patients received induction chemotherapy consisting of gemcitabine (1,000

mg/m2) and cisplatin (25 mg/m2) on days 1, 8, and 15 of each treatment cycle. Patients

were subsequently treated with gemcitabine (300 mg/m2/wk) during SIB-IMRT. The patients

received total doses of 55 and 44 Gy in 22 fractions to planning target volume 1 and 2, 

respectively. As an ancillary study, digital polymerase chain reaction was performed to screen

for the seven most common mutations in codons 12 and 13 of the KRAS oncogene of circu-

lating cell free DNA (cfDNA). 

Results

Forty-four patients were enrolled between 2012 and 2015. Of these, 33 (75%) completed

the treatment. The most common toxicities during induction chemotherapy were grades 3

and 4 neutropenia (18.2%), grade 3 nausea (6.8%) and vomiting (6.8%). The most common

toxicities during SIB-IMRT were grade 3 neutropenia (24.2%) and grade 3 anemia (12.1%).

Ten patients (23%) underwent a curative resection after therapy. Median overall survival

was significantly longer in patients who underwent curative resection (16.8 months vs. 11

months, p < 0.01). The median cfDNA concentration was significantly lower after treatment

(108.5 ng/mL vs. 18.4 ng/mL, p < 0.001). 

Conclusion

Induction chemotherapy with gemcitabine and cisplatin followed by concurrent SIB-IMRT

was well tolerated and active. 
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Introduction

Pancreatic cancer is one of the few cancers for which sur-

vival has not improved substantially over the past 40 years

[1]. Currently, pancreatic cancer is the fifth leading cause of

cancer-related death in Korea [2]. In 2012, 5,403 patients in

Korea were newly diagnosed with pancreatic cancer, and

4,778 individuals died of the disease. At diagnosis, 30% of

patients with pancreatic cancer have locally advanced, unre-

sectable stage 3 disease. 

The standard of care for locally advanced pancreatic cancer

(LAPC) remains poorly defined. Randomized trials [3,4]

comparing chemotherapy alone with chemoradiotherapy

(CRT) have yielded conflicting results. Although initial

chemotherapy is an increasingly utilized option for patients

with LAPC, the optimal regimen has not yet been established

[5-7]. The combination of gemcitabine with low-dose cis-

platin has shown activity in advanced pancreatic cancer [8].

Meta-analyses revealed that the combination of gemcitabine

plus platinum resulted in a significant improvement in pro-

gression-free survival (PFS) when compared with gemc-

itabine monotherapy, although overall survival (OS) did not

differ significantly [9,10]. This regimen may be an acceptable

alternative for patients ineligible for gemcitabine plus nab-

paclitaxel, FOLFIRINOX or clinical trials [11,12]. 

The international phase III LAP 07 study, which compared

chemotherapy alone with CRT, demonstrated that, although

CRT did not improve survival, patients in the CRT arm with

non-progressive LAPC after induction chemotherapy had a

longer time without treatment and a significantly lower rate

of local tumor progression, which could translate into a bet-

ter quality of life [13]. In one population-based study, 41% of

LAPC patients treated with first-line chemotherapy died

without evidence of distant metastases [14]. These results

highlight the heterogeneity of LAPC and the importance of

locoregional tumor control. Accordingly, “consolidation”

CRT may be a viable treatment option for selected patients

with locally advanced non-metastatic pancreatic cancer.

Intensity-modulated radiotherapy (IMRT) is a type of 

radiotherapy (RT) in which radiation beams can be modu-

lated to deliver high doses to the tumor while reducing the

dose to surrounding normal tissues [15]. Conceptually, 

besides the conformal dose distribution, IMRT can exploit

the potential biological advantages of accelerated forms of

RT, known as simultaneous integrated boost (SIB)–IMRT in

which different doses can be delivered to different targets at

the same time. Specifically, a higher dose can be delivered to

the gross tumor volume (GTV), while a lower dose is simul-

taneously delivered to areas of subclinical disease. Dosimet-

ric studies have suggested that implementation of IMRT-

based RT may result in improvements in patients with pan-

creatic cancer [16]. To extend these observations, the present

study assessed the compliance and efficacy of induction

chemotherapy with gemcitabine and cisplatin, followed by

concurrent SIB-IMRT, in patients with LAPC.

Materials and Methods

1. Study design and patients

Patients aged ≥ 18 years were eligible if they had histolog-

ically or cytologically proven, locally advanced pancreatic

cancer, an Eastern Cooperative Oncology Group (ECOG)

performance status (PS) of 0 to 1, no evidence of metastatic

disease in the major viscera or peritoneal seeding, and had

not previously undergone irradiation of the planned field.

Resectability was assessed based on a preoperative staging

contrast-enhanced computed tomography scan, magnetic

resonance imaging, endoscopic ultrasound, and positron

emission tomography. Criteria for local unresectability 

included at least one of the following: long segment occlu-

sion of the mesenteric vein/portal vein, more than 180-

degree involvement of the superior mesenteric artery or 

involvement of the hepatic artery or celiac trunk. At least one

bi-dimensionally measurable lesion had to be present. 

For inclusion, all sites of malignant disease had to be 

encompassed within a single irradiation field (15×15 cm

maximum), and all patients had to have radiographically 

assessable disease. Patients with biliary or gastroduodenal

obstruction must have undergone drainage prior to starting

treatment. Required laboratory parameters at study entry

were as follows: white blood cell count ≥ 1,000/mm3, hemo-

globin level ≥ 7.5 g/dL, platelet count ≥ 100,000/mm3, crea-

tinine level ≤ 3.0 mg/dL, and total bilirubin level ≤ 3.0

mg/dL (patients with elevated bilirubin due to obstruction

had to be stented and their bilirubin level had to be ≤ 3.0

mg/dL prior to study entry).   

In this prospective clinical trial, patients received induction

chemotherapy consisting of gemcitabine (1,000 mg/m2) and

cisplatin (25 mg/m2) as intravenous infusions on days 1, 8,

and 15 of each treatment cycle (Fig. 1). Patients were subse-

quently treated with gemcitabine alone (300 mg/m2) as 

30-minute intravenous infusions once weekly during SIB-

IMRT, starting within 3 weeks of completing two cycles of

induction chemotherapy. If patients did not progress dis-

tantly following induction chemotherapy, SIB-IMRT was

started 3-4 weeks after the end of induction chemotherapy. 

For RT planning, patients were placed in the treatment 

position (generally, supine with arms above the head) and

immobilized using an arm-up holder to improve setup 



reproducibility. Computed tomography (CT) images were

acquired over 10 respiratory phases at slices 2.5-mm-thick

under shallow respiration using a four-dimensional CT sim-

ulator (Light-Speed RT, GE Healthcare, Waukesha, WI). All

CT images were transferred to a treatment planning system

(Eclipse, ver. 8.0, Varian Medical System, Palo Alto, CA), and

contours for targets and organs at risk were drawn. The GTV

included all detectable tumors, as determined by CT. The 

internal target volume (ITV) was obtained by summing the

GTVs of all respiratory motion phases, and the clinical target

volume (CTV) included the ITV and the volumes of regional

lymph nodes, including the pericholedochal, celiac, and pan-

creaticoduodenal nodes. Planning target volumes 1 (PTV1)

and 2 (PTV2) consisted of the ITV plus 3-5 mm margins in

all directions and the CTV plus 5-7 mm margins, respec-

tively. RT planning was performed using five coplanar or

non-coplanar intensity modulated beams of 6 MV photons

and the prescribed total doses to the PTV1 and 2 were 55 Gy

and 44 Gy, respectively, each in 22 fractions. The treatment

was designed so that at least 95% of the PTV would receive

100% of the prescribed dose, with the maximum dose to the

spinal cord not exceeding 45 Gy. The absolute volumes of the

esophagus and stomach that received at least 55 Gy were 

≤ 2 cm3 each, and the absolute volumes of the small and large

intestines that received at least 50 Gy were ≤ 2 cm3 each. 

Patients with sufficient tumor regression subsequently 

underwent pancreatic resection 6 to 8 weeks after treatment. 

Imaging results during treatment were interpreted and 

decisions regarding SIB-IMRT or surgery made at multidis-

ciplinary meetings. Upon completion of the protocol therapy,

patients were followed up every 3 months for 2 years by CT

or magnetic resonance imaging of the chest, abdomen, and

pelvis. Response to the protocol therapy was assessed using

the Response Evaluation Criteria In Solid Tumor criteria ver.

1.1. Toxicity was scored according to the National Cancer 

Institute Common Terminology Criteria for Adverse Events

ver. 4.1. Data collected for all patients who underwent sur-

gery included the type and duration of surgery, and whether

they had undergone vascular resection and/or reconstruc-

tion. 

All patients had to provide written informed consent 

before registration, and the trial protocol was approved by

the Ministry of Food and Drug Safety in Korea and the Insti-

tutional Review Board of the National Cancer Center, Korea

(NCCCTS-11-567, ClinicalTrials.gov identifier: NCT015934-

75). This study was partly sponsored by Dong-A ST, Korea,

as well as by grants from the National Cancer Center, Korea. 

2. Cell-free DNA and KRAS mutation analysis

Cell-free DNA (cfDNA) was extracted from 0.8 mL of

serum using QIAamp Circulating Nucleic Acid Kits (Qiagen,

Hilden, Germany) and quantified using Qubit dsDNA HS

Assay Kits (Invitrogen, Eugene, OR). As an ancillary study,

digital PCR was performed using a QX200 KRAS Screening

Multiplex Droplet Digital PCR System (Bio-Rad Laborato-
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Fig. 1. Treatment schema, showing induction chemotherapy with GEM and cisplatin, followed by GEM-based SIB-IMRT.

CBC, complete blood count; EUS, endorectal ultrasound; CT, computed tomography; MRI, magnetic resonance imaging;

CA 19-9, carbohydrate antigen 19-9; PET, positron emission tomography; CEA, carcinoembryonic antigen; LFT, liver function

test; GEM, gemcitabine; SIB-IMRT, simultaneous integrated boost–intensity modulated radiotherapy; PTV, planning target

volume.

Test
CBC, liver function test, renal function test,

EUS-guided fine needle biopsy, CT, 
MRI CA 19-9 (PET, CEA, if necessary) 

Test
CBC, LFT, CA 19-9, CT

(CEA, if necessary) 

D1

Blood sample
  (blood sampling
  and storage)

GEM (1,000 mg/m2)
Cisplatin (25 mg/m2)

Before chemotherapy After SIB-IMRT

3 weeksD8 D15 D22 D1

Blood sample
  (blood sampling
  and storage)

SIB-IMRT
  [PTV1: 55 Gy/22 Fx/
  PTV2: 44 Gy/22 Fx]
GEM (300 mg/m2)

D8 D15 D22 D29



ries, Hercules, CA), which covers the mutation sites G12A,

G12C, G12D, G12R, G12S, G12V, and G13D. The results were

analyzed with the QuantaSoft software (Bio-Rad Laborato-

ries, Pleasanton, CA).

3. Statistical analysis

The primary endpoints of this study were the feasibility of

and compliance with induction chemotherapy with gemc-

itabine and cisplatin followed by SIB-IMRT for patients with

locally advanced unresectable pancreatic cancer. Because 

approximately 20% of patients with locally advanced disease

develop early distant metastasis [4,17], it was expected that

at least 80% of all patients would be eligible for SIB-IMRT

upon completion of induction chemotherapy. The null 

hypothesis set the true compliance rate of patients eligible

for SIB-IMRT at ≤ 60%. For the study to have a power of 80%

when an experimental arm shows a compliance of ≥ 80%, the

required number of evaluable patients was calculated to be

24 at a one-sided type I error rate of 5%. If 10% of patients

are lost to follow-up and 20% develop distant metastases

after induction chemotherapy, then a total of 44 eligible 

patients would be required to show a significant effect of

treatment.

Fisher exact test, Pearson’s chi-square test, the Student’s t

test and the Mann-Whitney test were used when appropriate

to identify significant differences in demographic and clinical

characteristics. Statistical significance was set at a p-value of

less than 0.05. All analyses were performed using the SAS

statistical ver. 9.3 and R ver. 3.3.1 and reported p-values are

two-sided. 

Results

1. Patient and primary tumor characteristics

Forty-four patients consented to participate and were 

enrolled in this study between March 2012 and January 2015.

The patients consisted of 19 males and 25 females with a 

median age of 67 years, and with a median follow-up period

of 13.1 months (range, 4.2 to 41.9 months). Of these 44 

patients, nine had an ECOG PS of 0 and 35 had an ECOG PS

of 1. Table 1 summarizes the demographic and clinical char-

acteristics of these patients.

2. Treatment administration and toxicity

All 44 patients were started on induction chemotherapy,

with 39 (89%) completing the induction treatment regimen.
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Table 1. Baseline characteristics

Characteristic No. (%) 

Total No. of patients 44 (

Age, median (IQR, yr) 67 (57.5-71)

Sex

Male 19 (43)

Female 25 (57)

Tumor size (longest diameter), 3.6 (3.1-4.5)

median (IQR, cm)

Tumor location

Head 25 (57)

Body and tail 19 (43)

Pretreatment CA 19-9, 267.5 (64-773)

median (IQR, U/mL)

Pretreatment CEA, 4.25 (2.15-7.4)

median (IQR, U/mL)

ECOG performance status

0 9 (21)

1 35 (79)

IQR, interquartile ranges (Q1-Q3); CA 19-9, carbohydrate

antigen 19-9; CEA, carcinoembryonic antigen; ECOG, East-

ern Cooperative Oncology Group. 

Fig. 2. Flow of patients through the protocol treatment.

Gem-Cis, gemcitabine plus cisplatin; SIB-IMRT, simulta-

neous integrated boost–intensity modulated radiotherapy.

Gem-Cis complete
(n=39)

SIB-IMRT complete
(n=33)

Curative resection
(n=10)

Withdrawal of consent
(n=5)

Progressive disease
(n=6)

Progressive disease
(n=5)

Withdrawal of consent
(n=1)

Locally advanced
pancreatic cancer

(n=44)
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After two cycles, five (11%) patients showed distant progres-

sion, precluding SIB-IMRT (Fig. 2). One additional patient

withdrew consent prior to starting SIB-IMRT. Thus, 33 

patients (75%) completed the entire treatment protocol,

which was a significantly higher percentage than the 60% 

expected (p=0.028), with six patients progressing locally or

distantly after SIB-IMRT. All patients completed SIB-IMRT

without interruption. The average relative dose intensities of

gemcitabine and cisplatin during induction chemotherapy

were 81.4% and 83.2%, respectively. The average relative

dose intensity of gemcitabine during SIB-IMRT was 72.5%. 

Table 2 summarizes the safety results. The most common

toxicities during induction chemotherapy were grades 3 and

4 neutropenia (18.2%), grade 3 nausea (6.8%), and grade 3

vomiting (6.8%). The most common toxicities during SIB-

IMRT were grade 3 neutropenia (24.2%) and grade 3 anemia

(12.1%). Grade 3 and 4 gastrointestinal toxicities were not 

reported. There were no treatment-related deaths, and no

late radiation toxicities such as gastrointestinal bleeding or

duodenal ulcer were observed.  

3. Efficacy

The response rate was 34% and the disease control rate was

64% after completion of the entire treatment protocol. The 34

patients with measurable carbohydrate antigen 19-9 (CA 

19-9) concentrations at both baseline and after treatment

showed a significantly lower median CA 19-9 level after 

(25 U/mL; interquartile range [IQR], 6.8 to 135 U/mL) than

before (267.5 U/mL; IQR, 64 to 773 U/mL) treatment (p <

0.001). 

Twelve patients subsequently underwent surgical explo-

ration, with 10 subsequently undergoing curative resection

(Table 3). R0 resections were achieved in all 10 patients, with

nine also undergoing resection of one or more blood vessels,

including six who underwent resection of the superior

mesenteric or portal vein and five who underwent resection

of the hepatic or celiac artery. The primary location of cancer

was the head of the pancreas (five cases), the body (n=4), the

body and tail (n=1). The changes in CA 19-9 level before sur-

gery ranged from –98% to –35%. At the time of data analysis,

only one patient (No. 19) with no residual tumor remained

alive after 41.9 months of follow-up. The median PFS and OS

of all patients in the present study were 10.1 months and 13.1

months, respectively (Fig. 3). The median OS was signifi-

cantly longer in patients who underwent curative resection

than in those that did not (16.8 months vs. 11 months, p <

0.01). 

Of 33 patients completing the entire treatment protocol, 31

(93.9%) experienced tumor progression. For five patients

(16.1%), tumor progression was locoregional, while for 23

(74.2%), it was metastatic, and for three (10.0%), it was of an

unknown type. Chemotherapy was reintroduced in 20 

patients (64.5%) after protocol completion. The most com-

mon reason for no subsequent chemotherapy was poor PS.

Gemcitabine plus erlotinib was used in 10 patients as the sec-

ond line chemotherapy, while gemcitabine alone was used

in five patients, TS-1 was used in three patients and gemc-

itabine plus cisplatin and capecitabine were administered to

one patient each. 

4. Biomarker evaluation

The median cfDNA concentration, KRAS mutant concen-

tration and KRASmutant fractional abundance before treat-

ment were 108.5 ng/mL (IQR, 24.7 to 303 ng/mL), 0.34

copies/μL (IQR, 0 to 1.1 copies/μL), and 0.14% (IQR, 0% to

0.7%), respectively. After treatment, the median cfDNA con-

centration, KRAS mutant concentration and KRAS mutant

fractional abundance were 18.4 ng/mL (IQR, 4.3 to 66

ng/mL), 0.21 copies/μL (IQR, 0 to 5.1 copies/μL), and 0.09%

(IQR, 0% to 0.77%), respectively. The concentration of cfDNA

was significantly lower after than before treatment (p < 0.001)

(Fig. 4A). In contrast, the KRAS mutant concentration and

fractional abundance did not differ significantly before and

after treatment (Fig. 4B and C). OS and PFS were not related

to cfDNA concentration, KRAS mutation concentration or

fractional abundance (S1 Fig.).

Table 2. Grade 3 adverse events in > 5% of patients and

all grade 4 adverse events

Toxicity Grade 3 Grade 4

TInduction chemotherapy (n=44)

Hematologic

Neutropenia 7 (15.9) 1 (2.2)

Thrombocytopenia 7 (15.9) -

Anemia 4 (9.1) -

Non-hematologic 

Nausea 3 (6.8) -

Vomiting 3 (6.8) -

SIB-IMRT (n=33)

Hematologic

Neutropenia 8 (24.2) -

Thrombocytopenia 2 (6.1) -

Anemia 4 (12.1) -

Non-hematologic 

Cholangiohepatitis 2 (6.1) -

Values are presented as number (%). SIB-IMRT, simulta-

neous integrated boost–intensity modulated radiotherapy.
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Discussion

Most patients with pancreatic cancer present with metasta-

tic or locally advanced tumors. Because of differences in nat-

ural history and therapy, clinical trials in patients with

advanced pancreatic cancer have recently been subdivided

into unresectable and metastatic disease [1]. The manage-

ment of LAPC requires a multidisciplinary approach, with

individual treatment based on careful assessment of tumor

location, stage and resectability. The results of the LAP07

trial indicate that CRT does not add a survival advantage to

chemotherapy alone [13]. However, responses to both

chemotherapy and radiation vary among patients, making

early identification of candidates for combined modality

treatment essential. Moreover, the role of RT continues to be

poorly defined, in part because of adherence to guidelines

for the definition of target volume and technical details in

treatment planning, although most protocol violations were

minor and adherence appears to have been more carefully

monitored than in prior trials. 

Feasibility and compliance were the primary endpoints of

this trial because it was a preliminary investigation designed

gain specific information vital to planning subsequent stud-

ies. The null hypothesis set the true compliance rate of 

patients eligible for SIB-IMRT at ≤ 60%. Overall, 33 of the 44

patients (75%) completed the entire treatment protocol, a sig-

nificantly higher proportion than the 60% expected (p=0.028).

Given the feasibility and compliance of this treatment proto-

col, induction chemotherapy with gemcitabine and cisplatin

followed by concurrent SIB-IMRT is worthy of more rigorous

evaluation in LAPC patients through randomized controlled

studies.

Although more expensive than conventional RT, IMRT

may reduce treatment-related toxicities in patients with pan-

creatic cancer [16]. The predominant treatment-related toxi-

cities, namely nausea/vomiting, diarrhea and late gastro-

intestinal toxicity, were significantly reduced in patients 

receiving IMRT, although there were no apparent differences

in outcome measures. No Grade 3 or 4 gastrointestinal toxi-

cities associated with SIB-IMRT were reported in the current

study.

Patients enrolled in the present study were treated with

gemcitabine 300 mg/m2 plus concurrent SIB-IMRT, with the

most common toxicity being grade 3 neutropenia (24.2%).

Haematological toxicity was more likely to be related to the

type of concurrent chemotherapy than the technique of RT.

In a recent randomized phase II trial [7], more patients

treated with gemcitabine than with capecitabine had grade

3-4 hematological and non-hematological adverse effects. A

capecitabine-based regimen may be an alternative to a gem-

citabine-based regimen in the context of SIB-IMRT. 

In the LAP 07 trial, erlotinib did not provide any additional

benefit in the treatment of LAPC [13,18]. Combination

chemotherapy regimens (e.g., 5-fluorouracil, leucovorin,

irinotecan, oxaliplatin, FOLFIRINOX, and gemcitabine/nab-

paclitaxel) have improved OS in patients with metastatic dis-

ease. FOLFIRINOX is a powerful first-line regimen that leads

to resectability in a substantial portion of patients with ini-

tially unresectable pancreatic cancer [19-21]. The observed

favorable survival after FOLFIRINOX should be discussed

with patients with LAPC and good PS [22]. The role of com-

bination chemotherapy regimens in LAPC is currently being

actively investigated [23].

Induction chemotherapy provides theoretical advantages

over standard adjuvant therapy, including treatment of dis-
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tant micrometastases, assessment of tumor response to treat-

ment, and better selection of patients most appropriate for

CRT or surgery. It has been hypothesized that extending the

neoadjuvant period might improve the selection of patients

who would benefit from the addition of RT [18]. In the pres-

ent study, five patients (11%) with early distant metastasis

could avoid unnecessary CRT and 33 (75%) completed the

treatment regimen. Longer induction chemotherapy may 

facilitate selection of patients and sensitizing of tumors to

subsequent CRT [24].

The frequency of a complete resection as well as long-term

survival is low for patients with locally advanced pancreatic

cancers. For example, the LAP07 trial demonstrated that only

4% of study participants responded to treatment sufficiently

to enable pancreatectomy [13]. The proportion of patients

who underwent resection after FOLFIRINOX for locally 

advanced pancreatic cancer ranged from 0% to 43% across

studies [22]. Whether the use of more intensive initial induc-

tion chemotherapy might result in a better chance of signifi-

cant tumor downstaging remains unclear. In the present

study, 10 patients (30%) underwent curative resection after

the protocol was completed. 

A recent study reported that the historical, cross-sectional

imaging criteria for determining resectability are no longer

appropriate in patients who receive FOLFIRINOX, with or

without radiation therapy [21]. Current radiological imaging

cannot distinguish between fibrosis and viable cancer, which

is the basis for the continued imaging criteria for non-

resectability. Despite reductions in CA 19-9 concentrations

and/or tumor size, clear fat planes around critical vascular

structures were not observed upon post-FOLFIRINOX pre-

operative imaging. A new biomarker is required to predict

resectability and favorable response to curative resection. 

The biology of LAPC is unique in that the tumor is con-

fined locoregionally, without evidence of distant macrome-

tastatic disease. No features have been found to clearly

distinguish between tumors with a propensity to spread 

locally versus diffusely. The precise molecular mechanisms 

responsible for these behaviors are unclear [25]. Specific mol-

ecules involved in LAPC biology include transforming

growth factor β, E-cadherin, N-cadherin, the chemokine

CXCL12 and Snail, along with K-ras [26-28].

Early identification of candidates for combined modality

treatment is crucial. More than 90% of pancreatic ductal ade-

nocarcinomas harbor somatic KRASmutations, and pancre-

atic cancer biology may vary according to tumor-specific

allelic ratio and dosage of mutated KRAS [29]. The presence

of KRASmutations was reported to adversely influence sur-

vival of patients with pancreatic cancer [30]. Low allelic 

ratios in tumor samples may be factors associated with good

prognosis. A longer follow-up and evaluation of a greater

number of patients will be necessary to confirm the role of

cfDNA. 

It should be noted that this study was limited by the lack

of a concurrent control arm. Because patients treated in

prospective trials tend to have better outcomes than histori-

cal controls, a randomized design was considered. Ulti-

mately, concerns regarding sample size, availability of 

patients with this rare disease entity, and, consequently, our

ability to complete the trial in a timely fashion resulted in a

single-arm design. 

In summary, this trial met its stated goals, which were 

defined as the feasibility of and compliance with induction

chemotherapy with gemcitabine and cisplatin followed by

concurrent SIB-IMRT in patients with LAPC. The treatment

regimen was well tolerated and active. Molecular markers

are needed better predict responses to specific treatments, 

including radiation, and to allow more focused approaches

to treatment selection. Further research assessing the role of

circulating cfDNA as a biomarker in patients with LAPC is

warranted.
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