

[image: EUS-FNA Biopsies to Guide Precision Medicine in Pancreatic Cancer: Results of a Pilot Study to Identify KRAS Wild-Type Tumours for Targeted Therapy]
EUS-FNA Biopsies to Guide Precision Medicine in Pancreatic Cancer: Results of a Pilot Study to Identify KRAS Wild-Type Tumours for Targeted Therapy





ORIGINAL RESEARCH

published: 09 December 2021

doi: 10.3389/fonc.2021.770022

[image: image2]


EUS-FNA Biopsies to Guide Precision Medicine in Pancreatic Cancer: Results of a Pilot Study to Identify KRAS Wild-Type Tumours for Targeted Therapy


Joanne Lundy 1,2,3, Marion Harris 4, John Zalcberg 5,6, Allan Zimet 7, David Goldstein 8,9, Val Gebski 10, Adina Borsaru 11, Christopher Desmond 12, Michael Swan 12, Brendan J. Jenkins 1,2 and Daniel Croagh 1,3,13*


1 Centre for Innate Immunity and Infectious Diseases, Hudson Institute of Medical Research, Clayton, VIC, Australia, 2 Department of Molecular and Translational Science, Faculty of Medicine, Nursing and Health Sciences, Monash University, Clayton, VIC, Australia, 3 Department of Surgery, Faculty of Medicine, Nursing and Health Sciences, Monash University, Clayton, VIC, Australia, 4 Department of Oncology, Faculty of Medicine, Nursing and Health Sciences and School of Clinical Sciences, Monash University, Clayton, VIC, Australia, 5 Department of Medical Oncology, Alfred Health, Melbourne, VIC, Australia, 6 Public Health and Preventative Medicine, Monash University, Melbourne, VIC, Australia, 7 Department of Medical Oncology, Epworth Hospital, Melbourne, VIC, Australia, 8 Prince of Wales Clinical School, University of New South Wales, Sydney, NSW, Australia, 9 Department of Medical Oncology, Prince of Wales Hospital, Randwick, NSW, Australia, 10 National Health and Medical Research Council Clinical Trials Centre, University of Sydney, Camperdown, NSW, Australia, 11 Diagnostic Imaging, Monash Health, Melbourne, VIC, Australia, 12 Department of Gastroenterology, Monash Health, Melbourne, VIC, Australia, 13 Department of Surgery, Epworth Healthcare, Melbourne, VIC, Australia




Edited by: 

Sumit Sahni, Royal North Shore Hospital, Australia

Reviewed by: 

Emily K. Colvin, The University of Sydney, Australia

Aditi Jain, Thomas Jefferson University, United States

*Correspondence: 

Daniel Croagh
 Daniel.Croagh@monashhealth.org

Specialty section: 
 This article was submitted to Gastrointestinal Cancers: Hepato Pancreatic Biliary Cancers, a section of the journal Frontiers in Oncology


Received: 03 September 2021

Accepted: 18 November 2021

Published: 09 December 2021

Citation:
Lundy J, Harris M, Zalcberg J, Zimet A, Goldstein D, Gebski V, Borsaru A, Desmond C, Swan M, Jenkins BJ and Croagh D (2021) EUS-FNA Biopsies to Guide Precision Medicine in Pancreatic Cancer: Results of a Pilot Study to Identify KRAS Wild-Type Tumours for Targeted Therapy. Front. Oncol. 11:770022. doi: 10.3389/fonc.2021.770022




Background

Pancreatic ductal adenocarcinoma (PDAC) is a leading cause of cancer death and lacks effective treatment options. Diagnostic endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) biopsies represent an appealing source of material for molecular analysis to inform targeted therapy, as they are often the only available tissue for patients presenting with PDAC irrespective of disease stage. However, EUS-FNA biopsies are typically not used to screen for precision medicine studies due to concerns about low tissue yield and quality. Epidermal growth factor receptor (EGFR) inhibition has shown promise in clinical trials of unselected patients with advanced pancreatic cancer, but has not been prospectively tested in KRAS wild-type patients. Here, we examine the clinical utility of EUS-FNA biopsies for molecular screening of KRAS wild-type PDAC patients for targeted anti-EGFR therapy to assess the feasibility of this approach.



Patients and Methods

Fresh frozen EUS-FNA or surgical biopsies from PDAC patient tumours were used to screen for KRAS mutations. Eligible patients with recurrent, locally advanced, or metastatic KRAS wild-type status who had received at least one prior line of chemotherapy were enrolled in a pilot study (ACTRN12617000540314) and treated with panitumumab at 6mg/kg intravenously every 2 weeks until progression or unacceptable toxicity. The primary endpoint was 4-month progression-free survival (PFS).



Results

275 patient biopsies were screened for KRAS mutations, which were detected in 88.3% of patient samples. 8 eligible KRAS wild-type patients were enrolled onto the interventional study between November 2017 and December 2020 and treated with panitumumab. 4-month PFS was 14.3% with no objective tumour responses observed. The only grade 3/4 treatment related toxicity observed was hypomagnesaemia.



Conclusions

This study demonstrates proof-of-principle feasibility to molecularly screen patients with pancreatic cancer for targeted therapies, and confirms diagnostic EUS-FNA biopsies as a reliable source of tumour material for molecular analysis. Single agent panitumumab was safe and tolerable but led to no objective tumour responses in this population.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) ranks as the seventh most lethal cancer worldwide but has been predicted to become the second leading cause of cancer death by 2030 (1, 2). Most patients present with advanced disease, and only 15-20% of tumours are amenable to surgery (3). While the incidence of PDAC continues to steadily increase, the prognosis remains extremely poor with a 5-year survival rate of just 10% (4). For the majority of patients who have unresectable or metastatic disease at diagnosis, treatment options are limited, and median survival is just 6-12 months (5).

Gemcitabine plus nab-paclitaxel and FOLFIRINOX are well established as the first line chemotherapy regimens of choice in patients with advanced PDAC with a good performance status, leading to median survival times of 9-11 months (6, 7). However, recommendations for treatment beyond first line therapy are limited by only a select few phase III clinical trials demonstrating clinical benefit in this setting, and limited head-to-head comparisons using current standards of care (8, 9).

Given the modest effect of chemotherapy in unselected PDAC patients, the prospect of applying precision therapy based on molecular profiling holds great appeal. Unfortunately, clinical trials of targeted therapies in PDAC to date have proved challenging, due to both patient factors (e.g. poor performance status, propensity to rapid clinical deterioration) and practical factors (e.g. poor quality biopsy specimens, delays in processing tissue for molecular analysis, and reliance on surgical biopsies which are not available in the majority of patients) (10, 11). A 2011 review in the US estimated that only 4.5% of patients with PDAC enrolled onto a clinical trial in that year, and identified poor study design, inadequate recruitment, lack of access to suitable trials, and patient factors impeding eligibility to clinical trials as potential barriers to inclusion (12). However, clinical benefit can be demonstrated if actionable molecular alterations are identified and treated with appropriate therapies, such as poly ADP ribose polymerase (PARP) inhibitors for BRCA mutant tumours (13).

To overcome the challenges of profiling the molecular and genomic landscape of PDAC in patients from all tumour stages (i.e. I-IV), we have demonstrated the feasibility of endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) biopsy, a common diagnostic procedure, as a reliable source of tissue for genetic profiling (e.g. KRAS mutation analysis) (14–16). EUS-FNA using 19 to 25-guage needles is a long-established technique in the diagnosis and staging of pancreatic tumours, and a number of studies have investigated technical aspects to improve the diagnostic performance of the procedure (17, 18). The first generation of FNA biopsy needles provide aspirates of suspicious lesions but often yield lowly cellular specimens lacking in architectural tissue structure, which may be critical for diagnosis as well as for the increasingly desired immunohistochemical and genomic analysis of pancreatic tumours (19, 20). However, newer generation needles allow for larger tissue cores, and have been demonstrated to require fewer needle passes to establish a diagnosis (21, 22). This yields higher volume biopsies with less blood contamination than standard FNA biopsies (23), paving the way for EUS-derived biopsies to play a larger role in molecular profiling in PDAC.

PDAC is typified by significant molecular heterogeneity, and most “actionable” phenotypes such as microsatellite instability, high tumour mutation burden, BRCA mutations and NTRK fusions occur at a low frequency (24, 25). By contrast, activating mutations of the KRAS proto-oncogene can be identified in approximately 80-90% of PDAC patient tumours (24–28). This gene is the focus of ongoing interest as a molecular target for therapy, and although early trials targeting mutant KRAS failed to demonstrate any significant survival benefit (29, 30), novel inhibitors are showing more promise in ongoing studies (31).

Epidermal growth factor receptor (EGFR) inhibition has proven to be an effective therapy in KRAS wild-type patients with advanced colorectal cancer (32–34). In unselected PDAC patients, the addition of the EGFR inhibitor erlotinib to gemcitabine demonstrated a statistically significant, albeit small improvement in median overall survival (mOS) of 6.3 vs 5.9 months compared to gemcitabine alone (35). However, this finding did not significantly change clinical practice based on minimal benefit and additional toxicity in the erlotinib arm (35). Further studies have reported mixed results using EGFR inhibition in PDAC, albeit largely either without stratification for KRAS status, or with post-hoc analyses only (35–39). Panitumumab is a recombinant human IgG2 monoclonal antibody that binds specifically to EGFR and has demonstrated clinical efficacy in colorectal cancer (33). In PDAC, a small phase II study with panitumumab, erlotinib and gemcitabine reported a non-significant increase in overall survival in the first line setting when compared to gemcitabine and Erlotinib for PDAC patients who were not selected by KRAS status; however, this combination was associated with significant toxicity and limited by the inclusion of a control arm which is no longer considered the standard of care (40).

Here, we aim to demonstrate that standard-of-care diagnostic biopsies sourced from a large PDAC biobank could be used for timely and accurate assessment of KRAS mutation status. Specifically, we identified 8 PDAC patients for enrollment onto a pilot study on the efficacy and tolerability of single agent panitumumab for patients with advanced, KRAS wild-type PDAC with progressive disease following first line chemotherapy. To the best of our knowledge, this is one of the first prospective biomarker selected studies to date in PDAC.



Patients and Methods


Overall Study Design and Ethics Oversight

This study was designed to verify the clinical utility of EUS-FNA biopsies for molecular screening for targeted therapy, and included an exploratory pilot study of single agent panitumumab in patients with KRAS wild-type pancreatic cancer. The overall study aims were:

	To show that treatment selection via genomic sequencing is feasible in a typical clinical setting.

	To prospectively identify the prevalence of KRAS mutations in patients with locally advanced or metastatic pancreatic adenocarcinoma using standard clinical pathology assays.

	To obtain preliminary data on the efficacy of panitumumab in patients with KRAS wild-type tumours.



The study was conducted in accordance with the principles of the Declaration of Helsinki. It was approved by the Human Research Ethics Committee at Monash Health (reference number 16-0000-584A) and prospectively registered on the Australian New Zealand Clinical Trials Registry (ACTRN12617000540314). Informed, signed written consent was obtained from all patients prior to initiating study procedures. The study schema is shown in Figure 1.




Figure 1 | Study schema including key eligibility and response criteria.





EUS-FNA Biopsies

In addition to the standard diagnostic EUS-FNA biopsy (typically 2-4 needle passes), an additional 1-2 needle passes were employed to obtain tissue for biobanking in the Victorian Pancreatic Cancer Biobank (VPCB; Monash Health HREC reference 15450A). EUS-FNA procedures were carried out in accordance with routine local protocols and needle selection, number of biopsies taken, and suction techniques were at the discretion of each individual physician. The needle type utilised in each case was not recorded as part of this study, but the standard-of-care during the majority of the collection period for this study were the 20 or 22-guage ProCore® Fine Needle Biopsy needles with 10ml negative pressure suction.



KRAS Screening

KRAS mutation analysis was performed in the Genetics and Molecular Pathology Department at Monash Health, using the clinically validated KRAS StripAssay™ (ViennaLab Diagnostics) in accordance with manufacturer protocols and standard clinical practice. Where possible, DNA was extracted from fresh frozen EUS-FNA biopsies sourced from the multi-centre VPCB using the AllPrep DNA/RNA Universal Kit (Qiagen), although archival formalin-fixed paraffin embedded (FFPE) tissue was used where fresh frozen biopsy tissue was not available. The isolation of gDNA from FFPE tissue was performed on 5 x 10 micron-thick sections using the ReliaPrep FFPE gDNA Miniprep System (Promega). Prospective tissue testing on diagnostic biopsies was preferred, although archival or previously stored specimens from the VPCB could be used where fresh tissue was not feasible or available. DNA samples were quantified using the Qubit Fluorometer (Life Technologies) and quality assessed by TapeStation (Agilent Technologies). At the time of consent to sample collection for the VPCB, patients could elect for their treating physician to be contacted in the event of a significant genomic finding. KRAS wild-type results were notified to treating physicians who were able to offer referral for screening for the study if they deemed it clinically appropriate.



Panitumumab Pilot Study


Patient Selection

Patients were eligible if aged 18 and over, with pathologically-proven unresectable, recurrent or metastatic KRAS wild-type PDAC (note that patients with pancreaticobiliary type ampullary tumours may be considered on an individual basis, provided they met all other inclusion criteria); ECOG performance status of 0-2, measurable disease as per RECIST v1.1 criteria; progressive disease following at least one line of chemotherapy (defined as either clear progressive disease on standard CT scans or an increase of CA 19.9 of 30% confirmed on 2 blood draws) or within 12 months of adjuvant chemotherapy; adequate bone marrow function (ANC ≥1500/mcL, platelets ≥100 000/mcL, haemoglobin ≥9g/dL); adequate renal function (CrCl > 50ml/min (Cockcroft-Gault formula) or Creatinine <1.5 XULN); and adequate hepatic function (serum total bilirubin ≤ 1.5 times ULN, ALT/AST ≤ 2.5 times ULN [or ≤ 5 times ULN with documented liver metastases], ALP ≤ 5 times ULN, and INR ≤ 1.5). Exclusion criteria included pregnancy or lactation; active or uncontrolled infection; previous treatment with EGFR inhibitor; previous radiotherapy to the pancreas if the only site of measurable disease (unless there was demonstrated, clear evidence of radiological progression at the site since the completion of radiotherapy); hypersensitivity to study drug; previous or current interstitial lung disease or pulmonary fibrosis; history of another malignancy within 2 years prior to allocation (with the exception of adequately treated carcinoma in-situ; curatively treated uterine cervix carcinoma in-situ or non-melanoma skin carcinoma or superficial transitional cell carcinoma of the bladder); or any severe or uncontrolled medical conditions within 3 months prior to allocation.



Study Assessments

Screening procedures and study allocation was independently verified by the principal investigator prior to commencement of study therapy. History, physical examination, assessment of adverse events using NCI CTCAE version 4.0, assessment of ECOG performance status, and routine bloods (FBE, EUC, Ca/Mg/phosphate, LFTs and CA 19.9) were performed at screening and before each treatment with panitumumab. Quality of life was assessed at baseline, week 4, week 16 and at the end of study using the EORTC QLQ-C30 version 3.0 questionnaire, with scores calculated using the EORTC QLC-30 Scoring Manual (41). Serum was collected and stored for assessment of circulating tumour DNA (ctDNA) at baseline, 4 and 8 weeks. An FDG-PET scan was performed at baseline and week 4 to assess for early metabolic response, and to identify patients progressing rapidly for whom alternative treatments should be considered. CT or MRI scans of the chest, abdomen, and pelvis were performed every 8 weeks while on treatment and evaluated for tumour response according to RECIST criteria version 1.1. Treatment was stopped if there was evidence of progressive disease, or at any time according to the discretion of the treating clinician and patient. A 30-day safety assessment was performed at the end of treatment.



Treatment

Panitumumab was supplied by Amgen Australia and administered at a standard dose of 6mg/kg by intravenous infusion every 2 weeks. Patients received up to 8 cycles, with the option to continue at the treating physician’s discretion if there was evidence of clinical response. Premedication and supportive care were provided in accordance with local institution protocols, with prophylactic antibiotic therapy strongly recommended to reduce the incidence and severity of rash.



Statistical Considerations

This trial was designed as a pilot phase II study, aiming to screen 200 patients to identify the initial cohort of KRAS wild-type patients, anticipating a KRAS mutation rate of 80-90% and recognizing that some patients would not meet eligibility criteria for the interventional study on the basis of other clinical factors (e.g. poor performance status, inadequate laboratory parameters, clinical decline or death prior to initiation of second line therapy). We deemed that a 50% progression-free survival (PFS) rate at 4 months was considered worthwhile to demonstrate activity of panitumumab, and we planned to enroll 8 patients prior to conducting an assessment to rule out futility (defined as all 8 patients progressing within 4 months, and no metabolic responses seen). In the absence of meeting these criteria, a decision could be made to continue the study and recruit a further 11 patients in a stepwise fashion, guided by the strength of the PFS at 4 months.

The original study design included an observation arm for patients with KRAS mutant PDAC receiving physician’s choice standard second line chemotherapy. However, the protocol was amended early in the study to remove this arm due to poor recruitment and lack of perceived benefit of this arm given the small sample size. No patients were recruited onto the initially planned observation cohort prior to the decision to remove this arm.



Study Endpoints

The primary endpoint of the interventional study was PFS at 4 months, with secondary endpoints including 4-week metabolic response rate (MMR; defined as a 30% reduction in SUV max on FDG-PET imaging and/or a 30% reduction in CA19.9 if the FDG-PET scan was not abnormal at baseline and the CA19.9 level was elevated >50% above ULN at baseline); PFS and objective tumour response rate (OTRR) at 6 months; feasibility of selecting patients for personalised therapy; median PFS; median overall survival (OS); safety/toxicity; and quality of life. Exploratory endpoints included measurement of ctDNA at baseline and during therapy.



Monitoring

A trial management committee including study investigators and a statistician was appointed to oversee study planning, monitoring, progress, reviews, and internal audits.





Results


KRAS Screening

We screened 275 PDAC patient tumour biopsies for the presence of KRAS mutations. One fresh frozen EUS-FNA and one FFPE biopsy (0.7%) were deemed inadequate for testing due to poor DNA yield, but all 273 other specimens passed quality control testing. The results of the KRAS screening are outlined in Figure 2. As anticipated based on existing literature (24–28), KRAS was detected in 88.3% (241/273) of tumour biopsies, with 32 samples (11.7%) being wild-type. Frozen FNA, frozen surgical biopsies and FFPE-derived surgical biopsy tissues all demonstrated high frequencies of KRAS mutation (88.8%, 93.5% and 89.5%, respectively) with poorer results in the very small number of FFPE-derived EUS-FNA biopsies (Table 1). Of the 32 results for KRAS wild-type status, 24 patients were deemed ineligible due to physician opinion, performance status, rapid disease progression or death. The remaining 8 patients were enrolled onto study treatment.




Figure 2 | KRAS status screening in PDAC patients. (A) Flow chart showing process for KRAS screening. (B) Pie chart representing KRAS positivity rate. (C) Graph depicting types of KRAS mutations detected.




Table 1 | KRAS mutation rates in fresh frozen EUS-FNA, surgical and FFPE tissue specimens.





Patient Characteristics

Between November 2017 and October 2020, 8 patients were enrolled onto the study and treated with panitumumab. The baseline characteristics of the study participants are summarised in Table 2. Patients were predominantly male (75%) with an ECOG performance status of 0 or 1 (87.5%) and most had received first line gemcitabine/nab-paclitaxel chemotherapy (62.5%). One patient (12%) had previously undergone a surgical resection and progressed within 12 months of adjuvant gemcitabine/capecitabine. One further patient (12%) had a histological diagnosis of metastatic pancreatic cancer after resection of a previous pancreaticobiliary type tumour of the pancreatic head which was thought to have arisen in the ampulla. After consideration by the principal investigator, this patient was deemed to meet entry criteria for the study. The median time from diagnosis of cancer to enrolment onto this study was 66.2 weeks.


Table 2 | Baseline patient characteristics.





Treatment

Patients received a median of 6 cycles of panitumumab (range 2-9). Seven patients (87.5%) were taken off study treatment due to progressive disease. One patient was taken off study treatment after 6 cycles despite RECIST stable disease, after developing acute urinary retention which led to an unexpected diagnosis of comorbid metastatic prostate cancer. A PSMA-PET scan revealed that the biopsy-confirmed locally advanced pancreatic cancer diagnosed three years prior harboured different metabolic expression compared to the metastatic lesions in the liver and bones, which were consistent with the separate pathology of prostate cancer (also subsequently biopsy proven). This patient was considered not evaluable for response but included in analyses of safety and quality of life.



Response Measures

The primary endpoint of PFS at 4 months was 14.3%. No metabolic responses were observed, although one patient was identified as a rapid metabolic progressor at the 4-week FDG-PET scan and taken off study treatment. The best response by RECIST v1.1 criteria was stable disease in 4 patients at the initial 8-week assessment, with no objective tumour responses seen and only one patient demonstrating failure to progress at the 16-week assessment. Median PFS was 12.9 weeks, and median OS was 30.8 weeks (Figure 3).




Figure 3 | Response of PDAC patients to panitumumab therapy. (A) Waterfall plot demonstrating best tumour response as measured by RECIST v1.1 criteria in all 8 patients. (B, C) Kaplan-Meier curves for progression-free survival (B) and overall survival (C).



Baseline exploratory analysis of ctDNA included digital droplet PCR screening kit for G12/G13 and Q61 KRAS mutations. 7 patients (87.5%) had no detectable KRAS in the blood; however, the patient who was taken off study early due to rapid clinical and metabolic progression was unexpectedly found to harbour high level KRAS mutant allele fraction in their baseline blood sample.



Safety

Panitumumab was generally well tolerated, in keeping with previous clinical reporting (33). Treatment related adverse events (AEs) are summarised in Table 3. The most common treatment related AE was a grade 1 or 2 acneiform rash, occurring in 6/8 patients (75%) and manageable with supportive care. No unexpected or serious drug related toxicity was observed and there were no dose reductions or delays due to toxicity.


Table 3 | All treatment related adverse events in 8 patients, according to NCI-CTCAE V4.0 criteria.





Quality of Life

Quality of life questionnaires were employed to assess patient-reported outcome measures during treatment. There were no significant changes observed in total raw quality of life scores, or in calculated global quality of life, functioning, or symptom scores between any of the timepoints recorded (Figure 4).




Figure 4 | Quality of life scores at baseline, week 4 and end of treatment. Ordinary one-way ANOVA and Tukey’s multiple comparisons test were used to compare differences between timepoints. Error bars on column graphs represent the standard deviation from the mean. No significant changes from baseline were seen in any scores.






Discussion

This study provides proof-of-principle evidence that EUS-FNA biopsies can be utilised as a source of reliable genetic material to guide timely screening for precision medicine studies in PDAC. The challenges of precision medicine studies in PDAC are well documented, with previous molecularly screened studies failing to achieve recruitment targets due at least in part to tumour specimen inadequacy and processing delays in a patient population requiring timely treatment (10). Here, we demonstrate that selective molecular analysis of EUS-FNA biopsies is sensitive and feasible for patient selection for targeted therapy. Importantly, our reported KRAS mutation detection rate was comparable to previous studies which have largely relied on surgical specimens for molecular analysis (24–28). As the majority of patients presenting with PDAC will not undergo surgery, maximizing the use of diagnostic EUS-FNA biopsies for molecular screening and clinical trial selection holds great appeal.

While other groups have reported on EUS-FNA for the isolation of genetic material in PDAC, the methodology, selection criteria for “adequate” samples, and sensitivity of KRAS analysis has varied widely. One meta-analysis (15) pooling 931 patients across 9 studies evaluating the role of KRAS mutation analysis to improve the diagnostic sensitivity of EUS-FNA in PDAC demonstrated significant heterogeneity across studies and reported a pooled sensitivity rate for the detection of KRAS mutations in PDAC of only 76.8% and specificity of 93.3%, figures which fall below acceptable standards to use for therapeutic selection in the clinic. Recent studies of precision medicine in PDAC have either completely excluded EUS-FNA biopsies [e.g. IMPaCT (10), COMPASS (42)] or have failed to report on the success rates of molecular testing in the small number of specimens included [e.g. Know Your Tumour (13)], and the prospective validation of these specimens to guide clinical intervention is not yet established.

We were able to identify and treat 8 patients with KRAS wild-type PDAC in our pilot study. While panitumumab had an acceptable safety profile and was generally well tolerated, this study did not meet the predefined primary outcome target of 50% PFS at 4 months. It is difficult to draw definitive conclusions based on our small sample size, particularly with one patient deemed not evaluable for response and one other likely returning a false negative KRAS tissue result. However, we elected not to expand the study to include further patients due to slow recruitment, changes in standard second line therapy recommendations since initiating the study (43–46), and increasing availability of alternative molecularly selected studies.Treatment beyond first line chemotherapy in PDAC has been historically challenging. Recently, the final survival analysis of the NAPOLI-1 study demonstrated a significant improvement in median OS (6.1 vs 4,2 months, HR 0.67) with liposomal irinotecan plus 5-FU/leucovorin compared to 5-FU/leucovorin alone in patients previously treated with gemcitabine-based chemotherapy (47), establishing this regimen as standard care in this setting. Prior to this, the CONKO III study had demonstrated significant improvement (4.8 vs 2.3 months) in survival in patients treated with the oxaliplatin/5-FU/folinic acid when compared to best supportive care (BSC), although notably the trial closed early due to poor recruitment and poor acceptance of the BSC arm (48), and the findings were not supported by the subsequent PANCREOX study (49).

While it is not feasible to directly compare survival results between trials, historical standards do provide some benchmarks when considering the results of single arm studies in this setting. A recent meta-analysis of 11 randomised controlled trials of second line therapy including 5-FU and oxaliplatin after first line gemcitabine-based therapy in PDAC reported mOS of 6.3 months in patients with good performance status, with an mOS range of 2.6-6.7 months (50).

We note that despite the lack of clear efficacy of the study drug panitumumab, the mOS in our patient group was reasonably long in comparison to these historic standards (47–50), particularly when considering that the median time from diagnosis to enrolment onto study was over 12 months in our cohort, perhaps reflecting the unique biology and prognosis of KRAS wild-type disease in PDAC. While pre-clinical studies including one from our group have demonstrated efficacy of EGFR inhibition in patient-derived xenograft models of KRAS wild-type PDAC (14, 51, 52), efforts to translate such promising pre-clinical discoveries to the clinic have often yielded underwhelming results in PDAC (53). This is likely due to a number of contributing factors, including tumour heterogeneity and inadequate pre-clinical modelling of the complex tumour microenvironment and stroma which may hamper drug delivery. Patient-derived organoid models are showing promise in overcoming some of these obstacles, although they remain in their infancy as predictors of real-time clinical response in PDAC (54–57).

KRAS has been observed to be a prognostic factor in case series (58) and in post-hoc analyses of clinical trials, with a recent meta-analysis including 17 studies of more than 2000 patients reporting a significant association between mutant KRAS and overall survival (59). In addition to prognostic significance, it is increasingly clear that KRAS wild-type PDAC tumours harbour a distinct clinical and genetic profile when compared to KRAS mutant tumours (60, 61). Recently Singhi, et al. reported the results of real-time genome profiling of over 3500 PDAC tumours, including 445 KRAS wild-type samples. This study identified potentially targetable genomic changes in 17% of patients, including a number of clinically relevant gene mutations and fusions in the 12% of patients harbouring KRAS wild-type tumours (62). In this cohort, 38% of KRAS wild-type tumours harboured other alterations with the potential to activate the Receptor Tyrosine Kinase (RTK)/Ras/MAP Kinase (MAPK) signalling pathway, suggesting that more careful selection of patients who may respond to EGFR inhibitor therapy is required beyond KRAS alone. BRAF alterations have been shown to be mutually exclusive with KRAS mutations, and represent another potential therapeutic target in KRAS wild-type tumours (62–64). Interestingly, mismatch repair deficits and kinase fusions are also among the genetic changes reported to occur more commonly among patients with a KRAS wild-type phenotype (62, 65, 66). While deeper genomic sequencing was outside of the scope of this study, interrogation of our KRAS wild-type tumours for other genetic drivers would be extremely valuable in evaluating the lack of response to EGFR inhibition in our patient cohort. It is very likely that some of these patients may have harboured activating mutations in other RTK/Ras/MAPK pathway genes leading to persistent signal activation downstream of EGFR, while others may have had other mechanisms of primary therapeutic resistance. Our findings suggest that KRAS alone does not appear to adequately predict for response to EGFR inhibition in PDAC, and we suggest that broader testing of other activating genes in this pathway would be critical in future studies.

We were able to successfully screen almost 300 biopsies for KRAS mutations, relying largely on an active local biobank program. We predominantly utilised EUS-FNA biopsies to screen as many patients as possible, and despite variability in yield of genetic material across samples, our KRAS mutation rate was consistent with other published literature (24–28). We did not perform broader molecular sequencing as part of this study, which may require higher quality and quantity genetic material than is required for this highly sensitive assay of a common oncogene (67).

Notably, exploratory analysis of ctDNA revealed a strong positive KRAS mutant allele fraction in the patient who only completed 2 cycles of panitumumab due to rapid clinical progression, strongly suggesting that the KRAS tissue result was a false negative. The KRAS StripAssay™ has high sensitivity to detect mutant KRAS occurring in 1-5% of tumour cells, and the discordance between tissue and ctDNA testing is difficult to explain given that the tissue testing for this patient was performed on an archival tissue sample containing 80% tumour cellularity. Our exploratory analysis of ctDNA requires further validation in a larger patient cohort, although to date the concordance between tissue and ctDNA findings, and the specificity of the KRAS assay used here appear very high (68), suggesting that the patient in this study was an outlier. However, this finding highlights the need to optimize the accuracy of molecular testing in PDAC, and lends weight to an argument to incorporate liquid biopsies into clinical trial design as another layer of molecular screening to enhance sensitivity and specificity. Our study was performed in a “real-world” setting using standard-of-care biopsies at the discretion of each individual physician, and we did not collect information about the specific types of needles and techniques used to collect the EUS-FNA biopsies. With advancements in technology, the newer-generation core biopsy needles are becoming more commonplace in routine medical practice and in research, and are likely to improve yield and quality of the samples used for genomic analysis. In future studies, we plan to explore the diagnostic accuracy, yield and quality of genetic material obtained with newer generation needles (e.g. Acquire™ or SharkCore™).

EGFR inhibition is not a novel concept in the treatment of PDAC, although results have been mixed. A phase II study of the anti-EGFR monoclonal antibody nimotuzumab in combination with gemcitabine recently demonstrated activity and tolerability in the first line setting, most markedly in KRAS wild-type patients. However, the KRAS mutation analysis was again performed retrospectively, only available in approximately 50% of participants, and positive in far fewer than expected (37). A previous meta-analysis of 4 randomised control trials of cetuximab revealed no survival benefit, but significant additional toxicity (39), while combined meta-analysis of 24 studies including erlotinib with gemcitabine reported modest evidence of efficacy but did not explore molecular subgroups (38). Notably, a recent systematic review of phase II trials in advanced PDAC reported that of 37 trials investigating biologic agents, just 1 included prospective biomarker enrichment (69). Post-hoc analyses have reported conflicting findings with regards to the predictive value of KRAS for EGFR pathway inhibition, but are often hampered by incomplete genomic information for study cohorts and lower than expected KRAS mutation rates, suggesting the presence of false negative results (36, 60, 70–72).

This study was not designed or powered to detect a benefit of panitumumab over other standard of care agents in PDAC which would require a large multicentre study given the rarity of KRAS wild-type tumours and well documented challenges in enrolling patients with PDAC onto clinical trials. We primarily aimed to demonstrate proof-of-principal evidence for routine use of EUS-FNA derived material in real-time molecular screening in PDAC, with a secondary aim to detect preliminary signals of panitumumab efficacy which could be used to justify larger subsequent expansion of the study. Despite the small sample size, we saw no objective responses to therapy, and when examined in the context of previous studies, our study does not offer any convincing evidence that panitumumab demonstrates adequate efficacy to pursue further in this setting.

PDAC is an aggressive malignancy associated with rapid clinical decline, and optimal clinical trial design needs to be carefully considered in this setting. The recent encouraging results of the POLO study demonstrated that maintenance therapy is feasible in this patient population (46). A maintenance approach to anti-EGFR targeted therapy for PDAC patients without KRAS or other activating MAPK pathway mutations who achieve disease control on first line chemotherapy may be worthy of exploration in future studies.

As our understanding of the molecular landscape of PDAC has expanded, and with the recent demonstration of a PFS benefit in patients harbouring germline BRCA mutations undergoing maintenance olaparib therapy after failure to progress on platinum-based chemotherapy (46), molecular testing is now routinely recommended in several therapeutic guidelines (8, 73). More recently, several ongoing studies have encouragingly begun to report successful implementation of molecularly matched therapies in PDAC (13, 42), providing ongoing hope for the expansion of precision medicine to improve patient outcomes.



Conclusion

In summary, our study confirms that rapid, prospective molecular testing of EUS-FNA diagnostic biopsies can accurately detect KRAS mutations in PDAC, and is among the first to prospectively enroll molecularly screened patients onto targeted therapy using EUS-FNA biopsies. Notably, our findings provide key evidence that precision medicine in PDAC can be feasibly applied in clinical trials in the ongoing endeavor to improve outcomes in this deadly disease, and lay the foundation for the continual refinement of targeted therapy approaches in PDAC. Furthermore, our pilot study of single agent panitumumab proved safe and tolerable, but showed no significant signal of efficacy in patients with advanced KRAS wild-type PDAC treated after standard chemotherapy. Median survival in the KRAS wild-type patient group was longer than historical controls, in keeping with reports from other groups. Importantly, EUS-FNA biopsies proved a feasible source of tissue for rapid KRAS analysis of large numbers of patients and highlighted the value of tissue biobanking and the potential utility of these often low-yield biopsies to increase patient access to molecular testing and matched therapies in future studies.
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Characteristic Frequency (n=8)
Median age in years (range) 64.5 (51-79)
Sex (%)

Male 6 (75)

Female 2 (25)
Baseline ECOG (%)

0 2 (25)

1 5 (62.5)

2 1(12.5)
TNM stage (%)

i 2 (75)

v 6 (75)
Previous systemic therapy (%)

Gemcitabine 2 (25)

Gemcitabine/nab-paclitaxel 5 (62.5)

Gemcitabine/capecitabine 1(12.5)

FOLFIRINOX 1(12.5)
Number of metastatic sites (%)

0 2 (25)

1 3(37.5)

>2 3(37.5)
Site of metastases (%)

Liver 4 (50)

Lung 4 (50)

Bone 2 (25)

Lymph nodes 2 (25)
CA 19.9 (%)
<ULN 2 (25)
>ULN 6 (75)

Median time in weeks from initial diagnosis (range)

66.2 (31.2-308.9)

ECOG, Eastemn Oncology Cooperative Group; TNM, Tumour Node Metastasis; ULN,

upper limit of normal.
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AE (related) G1 G2 G3 G4
Fatigue 2 0 0 0
Acneiform rash 6 2 0 0
Anorexia 2 0 0 0
Diarrhoea 1 1 0 0
Pruritis/dry skin 1 0 0 0
Hypomagnesaemia 0 1 1 0
Hand-foot syndrome 2 0 0 0
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17 (89.5%)






