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Introduction 20 

The incidence of biliary tract cancer (BTC) is low [1] and studies with selection to 21 

treatment based on molecular subgroups are thus more difficult to conduct. At the time 22 

of design of the present study, there was no standard treatment for  patients with non-23 

resectable BTC and no markers to support the clinical decision of which treatment to 24 

offer [2]. In colorectal cancer,  mutations in Kirstein rat sarcoma viral oncogene 25 

homolog (KRAS) have proved to be a negative predictive marker of the effect of 26 

treatment with epidermal growth factor receptor inhibitors (EGFR-I) [3,4]. 27 

KRAS is a signaling molecule in the Raf–mitogen-activated protein kinase 28 

(MAPK)/extracellular signal-regulated kinase (ERK) pathway, and this key signaling 29 

pathway is often upregulated in cancer. Oncogene activation caused by mutations in 30 

KRAS increases cell growth and survival [5].  31 

Based on the biologic rationale and the data from colorectal cancer, we designed a study 32 

with upfront molecular characterization of KRAS and selection to treatment on the basis 33 

of the specific subtype. The first part of the study which evaluated the effect of 34 

chemotherapy combined with panitumumab in patients with wild-type tumors has 35 

previously been published [6]. In this second part of the study, we evaluated the effect 36 

of triple chemotherapy in patients with KRAS mutations. The purpose of this phase II 37 

trial was to test if the fraction of progression free survival (PFS) at six months was 38 

superior compared to historic control. Post hoc analyses were undertaken to assess the 39 

importance of total plasma DNA and tumor specific plasma DNA. Furthermore, the 40 
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prognostic value of KRAS was evaluated in all patients undergoing systemic therapy for 41 

BTC.  42 
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Material and Methods 43 

Patients 44 

Adult patients at least 18 years of age were eligible if they had unresectable biliary tract 45 

cancer. Resectability was evaluated by a multidisciplinary team with participation of 46 

liver surgeons, radiologists, and oncologists. The diagnosis of BTC required a histologic 47 

diagnosis of adenocarcinoma or cytological diagnosis of malignant cells from the bile 48 

ducts. Furthermore, imaging should support the origin of a primary lesion in the hilar, 49 

intrahepatic or extrahepatic bile ducts or the gall bladder and there should be no sign of 50 

another primary tumor. The quantity and quality of tumor material should allow KRAS 51 

mutation analysis and a mutation should be present. Other inclusion criteria were 52 

evaluable, i.e. not necessarily measurable, disease according to Response Evaluation 53 

Criteria in Solid Tumors (RECIST) version 1.0 [7]; no prior chemotherapy for 54 

unresectable disease; ECOG performance status of 0, 1 or 2; adequate hematologic 55 

function and hepatic function; bilirubinemia ≤ 3 x upper normal value; adequate renal 56 

function; safe birth control in fertile patients; and oral and written informed consent. 57 

Patients were excluded if they had neuropathy above grade 1 or other serious medical 58 

disease. Ineligible patients were registered on a screening list holding information only 59 

about KRAS mutation status, systemic treatment and date of death.    60 

 61 

Ethics, approval, registration and quality assurance 62 

The study was conducted in accordance with the Helsinki Declaration of 1975, as 63 

revised in 1983. The study was approved by the Ethics Committee in Southern 64 
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Denmark, the Danish Data Protection Agency and the Danish Medicines Agency. 65 

Prospective trial registration was with ClinicalTrials.gov NCT00779454. Monitoring of 66 

adherence to Danish Law and Guideline for Good Clinical Practice (GCP) was 67 

conducted by an independent, publicly funded GCP Unit. 68 

 69 

Study Design and Treatment 70 

In the overall study, patients were allocated to treatment according to KRAS status. The 71 

part reported here included patients with KRAS mutations and is per se a single arm, 72 

open label, phase II trial. The primary objective of the study was to measure the fraction 73 

of patients with PFS at six months after initiation of the combination of gemcitabine, 74 

oxaliplatin and capecitabine as first line treatment to patients with non-resectable BTC. 75 

Secondary objectives were to evaluate the response rate and overall survival (OS). The 76 

trial protocol is reported in Supplement 1 (online). 77 

Patients received intravenous gemcitabine 1,000 mg/m2 and oxaliplatin 60 mg/m2 day 1 78 

followed by oral capecitabine 1,000 mg/m2 x 2 daily days 1-7. Treatment was repeated 79 

every two weeks with no preplanned minimum or maximum.  80 

Safety and tolerability were evaluated according to the NCI Common Terminology 81 

Criteria for Adverse Events, version 3 [8]. Protocol guidelines for management of 82 

toxicity corresponded to suggestions in the relevant summary of product characteristics. 83 

 84 

Tumor and blood analyses 85 
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DNA was purified from tumor material using standard methods. Mutation analysis 86 

covered exon 2, codon 12 and 13 of KRAS. Specific mutations included KRAS G12A, 87 

G12R, G12D, G12C, G12S, G12V and G13D [9]. As part of the study, a biobank was 88 

established holding consecutive blood samples. In these blood samples we analyzed 89 

total plasma DNA as the gene copy number of Beta-2-Microglobulin [10]. Tumor 90 

specific plasma DNA (ctDNA) was analyzed by digital PCR as the fraction of KRAS 91 

mutated DNA relative to total DNA [11]. Briefly, 2 ml of plasma was purified on a 92 

QiaSymphony robot (Qiagen, Hilden, Germany) and analyzed by qPCR for B2M. The 93 

remaining DNA was concentrated and analyzed in two wells by droplet digital PCR 94 

(BioRad, Hercules, CA, USA) for specific KRAS mutations using PrimePCR assays 95 

(BioRad). 96 

 97 

Assessments and End Point 98 

Eligibility assessments included computed tomography (CT) scans of the chest, 99 

abdomen and pelvis within four weeks from inclusion and blood tests together with 100 

medical history taking and clinical examination within two weeks from inclusion. CT 101 

was repeated every six treatments corresponding to about 12 weeks interval depending 102 

on any treatment delays. After treatment patients were evaluated clinically and with a 103 

CT scan every three months. Tumor progression and tumor responses were determined 104 

using RECIST 1.0 [7] by the investigator. PFS was defined as time from inclusion to 105 

disease progression or death. Patients were censored at the last CT scan if without 106 

progression or death or at registration if there were no tumor assessments after 107 
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inclusion. The fraction of PFS at six months was calculated as the number of patients 108 

alive without progression at the evaluation around six months (+/- four weeks) divided 109 

by the total number of included patients. OS was defined as time from inclusion in the 110 

trial to death from any cause. Patients were censored at the date last known alive. 111 

Adverse events were evaluated according to CTCAE version 3 [8]. 112 

 113 

Statistics 114 

The trial is based on a modification of Simon’s two-stage minimax design [12] with six 115 

months’ PFS instead of response. The target was set at a fraction of 30% of all included 116 

patient alive and without progression six months after inclusion in the study. The 117 

treatment would have no interest if fewer than 10% achieve PFS of more than six 118 

months. With a significance level of 5% and a power of 80%, the trial should include 15 119 

patients in the first part. If two or more of these patients have a PFS of ≥ 6 months, the 120 

study should include a total of 25 patients. If more than six patients have a PFS of at 121 

least six months, the study is considered positive and the treatment regimen is candidate 122 

for further clinical testing. 123 

Non-parametric methods are used to establish and compare patient characteristics, 124 

toxicity and response rates. PFS and OS are calculated using the Kaplan-Meier method 125 

and compared with log-Rank test. 126 

  127 
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Results 128 

Patients and Treatment 129 

From 2009 to 2015, 25 patients were included from two Scandinavian centers. There 130 

were more women (n=16) compared to men (n=9) and the median age was 69 years 131 

(range 50-80). Performance status was 0 (n=7), 1 (n=11) and 2 (n=7) and the majority, 132 

17 patients, had metastatic disease compared to eight with locally advanced, 133 

unresectable disease.  134 

Chemotherapy was given for a median of five full months (range 0-14) and dose 135 

modification for toxicity, mainly neurotoxicity, occurred in 80% of the patients, while 136 

postponement was necessary in five cases. One grade 4 (febrile neutropenia) and six 137 

grade 3 toxicity (febrile neutropenia, hyperglycemia and urticaria) were observed, while 138 

the most frequent  grade 1-2 toxicities were neurotoxicity (17), nausea or vomiting (16), 139 

pain (14), obstipation (11) and diarrhea (7). 140 

 141 

Efficacy 142 

Among 17 patients evaluable for response, one complete and two partial responses were 143 

seen and the rest had stable disease as best response. Median PFS was 6.8 months (95% 144 

CI 3.1-11.0). Two patients are still alive after more than three and six years, 145 

respectively. Median overall survival was 11.2 months (95% CI 6.6-14.3) (figure 1). 146 

Thirteen patients were alive without progression at the evaluation after six months. 147 

Thus, the primary endpoint, fraction of PFS at six months, was 52% (95% CI 31-69%).  148 
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 149 

Plasma DNA 150 

Plasma samples were available from 24 of 25 patients. The median of total plasma DNA 151 

was 6912 (range 915-131896) gene copies per mL. In 13 patients, the known tumor 152 

tissue KRAS mutation was detectable at baseline. Patients with a higher level of total 153 

plasma DNA and patients with detectable KRAS mutation in plasma tended to have 154 

inferior PFS and OS as shown in table 1, with a statistical significant shorter OS for 155 

patients with total plasma DNA above the median. 156 

 157 

KRAS mutation rate 158 

In the study period, 213 patients had a successful KRAS mutation test and initiated 159 

systemic therapy. Most of the patients were included in clinical trials [6] and the rest did 160 

not fulfill eligibility criteria. A total of 38 patients (17.8%) had tumors with KRAS 161 

mutations with a median survival of 9.8 months (95% CI 8.7-11.5) compared to 9.7 162 

months (95% CI 6.6-12.6) for wild-type (p=0.35). 163 

  164 
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Discussion 165 

This phase 2 study is the first to test triple chemotherapy in a uniform population of 166 

patients with KRAS mutant BTC. The data supports the feasibility of patient selection 167 

even in a rare disease and rare mutations. The study met its primary endpoint with 13 168 

patients (52%) alive and without progression at six months. 169 

KRAS exon 2 mutations were expected in half of the patients[13,14], but were only 170 

found in 18% in accordance with later reports [15]. We found no clinically relevant 171 

differences in survival of patients undergoing chemotherapy based on the presence 172 

KRAS mutation, but the trial design did not allow separation of the predictive and 173 

prognostic entities of this biomarker.   174 

Phase III data about combination chemotherapy in advanced BTC is limited to one large 175 

and well conducted trial where gemcitabine combined with cisplatin was superior 176 

compared to gemcitabine monotherapy [16]. Triple chemotherapy has numerically a 177 

comparable efficacy in phase II trials [17–19]. Median OS in the present trial was 11.2 178 

months and thus comparable to both published phase II and III trials even though the 179 

rate of patients with poor performance score was higher, 28% vs. 12% in the phase III 180 

trial. Interestingly, two patients with metastasis are still alive. One without progression 181 

after 7 years and the other had reintroduction of the chemotherapy after 3 years and is 182 

now progression free after further four years.  183 

The analysis of plasma DNA, liquid biopsies, may be a future biomarker. In exploratory 184 

analyses we found a significantly improved survival in patients with at low level of total 185 

plasma DNA. The potential clinical use is further supported by trends towards improved 186 
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PFS and by trends towards improved outcomes for patients without detectable KRAS 187 

mutation in plasma. 188 

Strengths of the study are the trial design for precision medicine in a rare disease and 189 

screening data allowing elaboration of the potential clinical value of KRAS codon 2 190 

mutations. Weaknesses are the limited number of patients with this subtype of BTC, the 191 

non-randomized design and mutation analysis limited to KRAS codon 2. 192 

Future research should explore broad genomic profiling and molecular subclassification 193 

[20]. Furthermore, a high level of plasma DNA may be evaluated as a marker for 194 

identifying patients with short survival where supportive care could be suggested 195 

instead of chemotherapy.  196 

  197 
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Conclusions 198 

Pretreatment molecular characterization was feasible in BTC, but the rate of KRAS 199 

mutations was low. The study met its primary endpoint with a fraction of PFS at six 200 

months of 52%. The effect of combination chemotherapy with gemcitabine, oxaliplatin 201 

and capecitabine in this selected population was comparable to results from unselected 202 

groups with PFS and OS of 6.8 and 11.2 months, respectively. 203 

  204 
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Tables 264 

 265 

 266 

 Total plasma DNA above median Detectable plasma KRAS mutation 

  months 95% CI p  months 95% CI p 

PFS No 9.8 2.1-14.8 

0.06 

No 9.8 5.5-13.6 

0.12 

 Yes 3.1 1.4-11.7 Yes 3.1 2.1-10.3 

OS No 12.9 2.8-20.5 

0.04 

No 14.3 6.6-20.5 

0.18 

 Yes 8.2 1.4-13.5 Yes 8.4 2.9-13.9 

 267 

Table 1. Progression free survival (PFS) and overall survival (OS) is shown for 24 268 

patients with a level of total plasma DNA below or above the median and also for 269 

patients with (n=13) or without (n=11) detectable KRAS mutation. 95% CI=95% 270 

confidence interval, p=probability. 271 

  272 
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Figures  273 

 274 

 275 

Figure 1. Kaplan-Meier Estimates for Overall Survival (OS) and Progression-Free 276 

Survival (PFS). 277 

 278 

0.00 

0.25 

0.50 

0.75 

1.00 

25 

25 

16 

18 

 9 

15 

2 

5 

1 

3 

  
Number at risk 

PFS 

OS 

0 5 10 15 20 
Time (Months) 

Progression free and overall survival 

PFS - - - - - - 

OS   _________ 


