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Abstract
Pancreatic cancer remains one of the leading causes of cancer related death worldwide with an overall five-year survival of less than 5%. Potentially curative surgery, which alone can improve 5-year survival to 10%, is an option for only 10%-20% of patients at presentation owing to local invasion of the tumour or metastatic disease. Adjuvant chemotherapy has been shown to improve 5-year survival to 20%-25% but conflicting evidence remains in with regards to chemoradiation. In this article we review the current evidence available from published randomised trials and discuss ongoing Phase III trials in relation to adjuvant therapy in pancreatic cancer. 
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Core Tip: This paper discusses every major trial undertaken in the field of adjuvant therapy in pancreatic cancer. The evolution of chemotherapeutic regimes over the past 25 years and the controversy surrounding chemoradiation are analysed, in addition to looking at the Phase III trials currently in progress.
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INTRODUCTION
Despite accounting for only 2.2% of all cancers, pancreatic ductal adenocarcinoma is the fourth most common cause of cancer related death in the world[[endnoteRef:1]]. In 2008 there were 279000 new cases worldwide with 266000 deaths from the disease, reflecting its dismal prognosis. Owing to the majority of patients presenting with locally advanced and metastatic disease, the overall survival rates at one and five years after diagnosis are 19% and 0.4%-4%[[endnoteRef:2]] respectively. Surgery is the single most important factor in improving outcome but only 10%-20% of patients are candidates for such treatment which can improve the five-year survival rate to 10%[[endnoteRef:3]]. This modest survival benefit is due to the high prevalence of both local recurrence and distant metastases due to residual microscopic disease. In recent years, interest has increased exponentially in both neoadjuvant and adjuvant strategies to improve these outcomes.  [1: ]  [2: ]  [3: ] 


ADJUVANT CHEMOTHERAPY
[bookmark: _Ref385923124]A handful of chemotherapy regimens had been utilised in locally advanced and metastatic pancreatic in the 1970s and 1980s with limited success. Response rates of 30%-43%[[endnoteRef:4]] were reported and though these patients achieved some survival benefit, this evidence was not strong enough to recommend its routine use in all patients. Mallinson et al[[endnoteRef:5]] was amongst the first to publish on the benefit of 5-flurouracil (5-FU) based chemotherapy in the palliative setting of pancreatic cancer, reporting a median survival of 44 wk in those receiving treatment against only 9 wk in controls. In 1993, a Norwegian group[[endnoteRef:6]] was first to publish a randomised study assessing the role of adjuvant chemotherapy in resected pancreatic cancer (Table 1). Sixty-one patients (47 pancreatic and 14 ampullary cancers) were divided into two treatment arms - one to undergo surgery alone and the second to undergo adjuvant chemotherapy. This adjuvant therapy consisted of 5-FU 500 mg/m², doxorubicin 40 mg/m² and mitomycin C 6 mg/m² every 3 wk for six cycles. Median survival was improved to 23 mo with adjuvant chemotherapy in comparison to 11 months in those undergoing observation alone (P = 0.04). One-year survival improved to 70% with chemotherapy as opposed to 45% in the observation group but unfortunately this did not translate into a longer-term survival benefit. A potential explanation may be the high toxicity rate in the treatment group, which resulted in only 56% completing the prescribed chemotherapy course. [4: ]  [5: ]  [6: ] 

[bookmark: _Ref385923177]The landmark ESPAC-1[[endnoteRef:7]] (European Study Group for Pancreatic Cancer) study was designed to determine whether adjuvant chemoradiotherapy or adjuvant chemotherapy alone had a role in improving survival following pancreatic cancer resection. This was the first adequately powered randomised trial to assess adjuvant therapy in pancreatic cancer, recruiting 541 patients over a six years period in 61 centres internationally. Inclusion criteria consisted of patients having made a full recovery from a macroscopically resected pancreatic ductal adenocarcinoma, with a life expectancy of over 3 mo. Two hundred and eighty five patients were randomised in a two-by-two factorial design to receive chemoradiotherapy alone, chemotherapy alone, both or observation. In addition to this 2X2 design, a further 256 patients were also randomised to receive either chemoradiotherapy, chemotherapy, or observation (Individual treatment groups). Chemotherapy consisted of a 20 mg/m²  intravenous bolus of folinic acid, followed by a further intravenous bolus of 5-FU (425 mg/m²) to be administered on days 1-5 of a 28 d cycle, over 6 cycles.  [7: ] 

With a median follow-up of 10 months [range 0-62, interquartile range (IQR) 1-25] for surviving patients, initial results were suggestive of a significant improvement in outcome in those receiving chemotherapy when considering the entire study population. Median survival was 19.7 months [95% Confidence Interval (CI) 16.4-22.4] in those receiving chemotherapy, against 14 months (95%CI: 11.9-16.5) in those not receiving any [Hazard Ratio (HR) = 0.66, 95%CI: 0.52-0.83, P = 0.0005]. However, this significance was lost when analysing those patients in the 2X2 design alone (17.8 mo vs 15.8 mo, HR = 1.3, 95%CI: 0.96-1.77, P = 0.09).
[bookmark: _Ref385924820]The final analysis of the 2X2 ESPAC-1 data[[endnoteRef:8]] was based on 237 deaths in 289 patients with a median follow up of 47 mo (IQR 33-62 mo). Median survival was 20.1 months (95%CI: 16.5-22.7) amongst patients who had undergone chemotherapy vs 15.5 months (95%CI: 13-17.7) in those who had not (HR = 0.71, 95%CI: 0.55-0.92, P = 0.009). The estimated two and five year survival was 40% vs 21% and 21% vs 8% respectively in those who received chemotherapy against patients which had not. [8: ] 

Exclusive to the 2X2 study design, the cohort of 75 patients that received chemotherapy alone fared significantly better than those who underwent observation (n = 69). Median survival was 21.6 mo (95%CI: 13.5-27.3) vs 16.9 mo (95%CI: 12.3-24.8) and estimated five-year survival was 29% vs 11%. ESPAC-1 established 5-FU and folinic acid as the drug of choice in the adjuvant treatment of pancreatic cancer. 
[bookmark: _Ref385923217]Takada et al[[endnoteRef:9]] recruited a total of 508 patients with various resected pancreaticobiliary cancers which included 173 pancreatic malignancies. Though this multicentre randomised controlled trial recruited patients between 1986 and 1992, it was published later than ESPAC-1, in 2002. Patients were randomised in this study to receive either adjuvant mitomycin C (rapid intravenous infusion of 6 mg/m² on the day of surgery) and 5-FU (310 mg/m² for days 1-5 of postoperative weeks 1 and 3, followed by a daily dose of 100 mg/m² from week 5 until disease recurrence) or surgery alone. In the pancreatic subset of patients, this chemotherapy regime showed no significant improvement in 5-year survival or 5-year disease free survival. Unusually, this study utilised oral 5-FU as opposed to the usual intravenous form which may offer a reason for its ineffectiveness.  [9: ] 

[bookmark: _Ref385923528]Kosuge and colleagues (JSAP)[[endnoteRef:10]] published a randomised trial evaluating adjuvant cisplatin (80 mg/m² on day 1) and 5-FU (continuous infusion of 500 mg/m² on days 1-5) with a second cycle of chemotherapy 4-8 wk after the first. As only those having undergone a R0 resection for ductal pancreatic cancer were included, only 89 patients were recruited over 8 years, resulting in an underpowered study. No significant difference was identified in median survival, 5-year survival and 5-year disease-free survival in comparison to patients undergoing surgery alone. It must be mentioned that approximately two-thirds of these patients also underwent 30 Gy of intraoperative radiotherapy on a non-randomised basis, but this therapy proved insignificant as a prognostic indicator in a multivariate analysis. [10: ] 

[bookmark: _Ref385923555]In 1997, Burris et al[[endnoteRef:11]] published their randomised control trial comparing the nucleoside analogue gemcitabine with 5-FU in advanced pancreatic cancer. In addition to demonstrating a clinical benefit with regards to pain relief, weight and performance status, those receiving gemcitabine achieved a one-year survival rate of 18% as opposed to 2% with 5-FU. These findings resulted in the recruitment of patients for CONKO-001[[endnoteRef:12]] between 1998 and 2004. This randomised study compared adjuvant gemcitabine (Six cycles of a 30 min intravenous infusion at 1000 mg/m² during weeks 1-3 followed by a break at week 4) with observation alone in patients undergoing a curative pancreatic cancer resection. In addition to clinical follow up and serum biochemistry checks, two-monthly ultrasound scans were performed to assess any recurrence. A computed tomography (CT) scan was also performed at the termination of chemotherapy (gemcitabine group) or at six months (observation group). Three hundred and sixty eight patients were recruited with a median follow-up of 53 months. The main outcome of this study was that gemcitabine significantly improved disease-free survival following pancreatic cancer resection. Median disease-free survival in the gemcitabine group was 13.4 mo (95%CI: 11.4-15.3) as opposed to only 6.9 mo (95%CI: 6.1-7.8) in the observation group (P < 0.001). Importantly, this significant disease-free survival benefit was maintained whether patients had undergone an R0 or R1 resection. With regards median overall survival, the gemcitabine benefit was only marginal in comparison to the observation group (22.8 mo vs 20.2 mo, P = 0.005)[[endnoteRef:13]]. This minimal difference is potentially explained by the authors by the fact that almost all patients that relapsed in the observation group received gemcitabine or a further line of chemotherapy. However, this study established gemcitabine as the favoured adjuvant chemotherapeutic agent particularly due to its excellent toxicity profile in comparison to 5-FU.  [11: ]  [12: ]  [13: ] 

Coincidentally, at the same time as CONKO-001, a further study to compare adjuvant gemcitabine and observation was being undertaken. One hundred and nineteen patients were recruited between 2002 and 2005 for JSAP-2[[endnoteRef:14]], with a median follow up for surviving patients of over five years. Gemcitabine resulted in a median disease-free survival of 11.4 mo (95%CI: 8-14.5) against 5 months (95%CI: 3.7-8.9) in the observation group (HR = 0.60, 95%CI: 0.40-0.89, P = 0.01).  This however did not convert to a significant benefit in overall survival as the study was underpowered. Another factor may be that though this study utilised an identical gemcitabine dosage regimen as used in CONKO-001, only three cycles were administered as opposed to the six used in the European study. It must also be noted that the median number of days between surgery and randomisation was nearly double that of CONKO-001. Just over half of patients in this study (52%) also received intraoperative radiotherapy, though the authors argue that this effect may have been negligible. [14: ] 

Following on from the ESPAC-1 study, the group undertook another randomised controlled trial, ESPAC-3 to compare 5-FU and folinic acid (as per the ESPAC-1 regime), gemcitabine (as per CONKO-001 regime) and surgery alone in resected pancreatic cancer. During recruitment however, the publication of ESPAC-1 proved the undoubted benefit of adjuvant chemotherapy. This resulted in the observation arm being forfeited and the study was renamed ESPAC-3(v2)[[endnoteRef:15]].  [15: ] 

ESPAC-3(v2) was the largest study of its kind, recruiting 1088 patients with pancreatic ductal adenocarcinoma in 159 centres worldwide over a seven year period. With a median follow-up of 34.2 mo (range 0.4-86.3, IQR 27.1-43.4), no significant difference was shown in overall survival or progression-free survival between the two treatment groups. However, gemcitabine halved the number of serious treatment-related adverse events compared to its opposing arm (14% vs 7.5% of patients, P < 0.001).  It was also noted a more favourable outcome was achieved in patients with node positive disease or an R1 resection when administered gemcitabine. This firmly established the drug as the current gold standard in the adjuvant treatment of pancreatic cancer.
[bookmark: _Ref385924832]A meta-analysis in 2009[[endnoteRef:16]] combined data from a subgroup of ESPAC-3(v1) with ESPAC-1 2X2 and ESPAC-1 Plus (a subgroup of 192 patients in a randomised comparison between 5-FU and observation +/- chemoradiation). The purpose of this publication was to ascertain the benefit of adjuvant 5-FU and folinic acid (n = 233) as opposed to surgery alone (n = 225). Median survival was 23.2 mo (95%CI: 20.1-26.5) in the chemotherapy group, in comparison to 16.8 mo (95%CI: 14.3-19.2) in those patients in the observation arm (HR = 0.7, 95%CI: 0.55-0.88, P = 0.003). Chemotherapy also improved overall survival at one, two and five years, providing robust evidence for the continued use of 5-FU and folinic acid in the adjuvant setting alongside gemcitabine.  [16: ] 

The most recently published randomised controlled trial, JASPAC-01[[endnoteRef:17]] enrolled 385 patients between 2007 and 2010 to compare adjuvant gemcitabine with fluorinated pyrimidine S-1 in resected pancreatic cancer. The gemcitabine regime was identical to CONKO-001 with an S-1 regime of four cycles of 80 mg/m² per day for four weeks, followed by a fortnights rest. Promising interim results were presented in 2012[[endnoteRef:18]] with an overall 2-year survival of 53% and 70% in the gemcitabine and S-1 groups respectively (HR = 0.56, 95%CI: 0.42-0.74, P < 0.0001). S-1 also proved superior with regards to recurrence-free survival at 2-years with 49% of patients remaining disease-free compared with 29% in the gemcitabine cohort (HR = 0.56, 95%CI: 0.43-0.71, log-rank P < 0.0001). S-1’s comparatively low toxicity in addition to the fact that S-1 is orally administered, would be partly responsible for the superior quality of life scores in this group (P < 0.0001). Though the authors concluded that S-1 should be considered the new standard treatment for resected pancreatic cancer, there is doubt whether this agent will ever be of broad benefit in the West. It has been stated that due to the metabolic differences between Asian and Caucasian populations, gastrointestinal side effects are far greater in the latter leading to lower tolerated doses of S-1[[endnoteRef:19]].  [17: ]  [18: ]  [19: ] 


META-ANALYSIS OF ADJUVANT CHEMOTHERAPY IN PANCREATIC CANCER
[bookmark: _Ref385924806][bookmark: _Ref385923966][bookmark: _Ref385923704][bookmark: _Ref385923707]The first meta-analysis assessing adjuvant therapy in pancreatic cancer was published in 2005 (Table 2). Stocken et al[[endnoteRef:20]] included five randomised trials [Bakkevold et al[6], ESPAC-1[7], Takada et al[9], EORTC[[endnoteRef:21]] and Gastrointestinal Study Group (GITSG)[[endnoteRef:22],[endnoteRef:23]] to evaluate the effects of both chemotherapy and chemoradiotherapy in the adjuvant setting (n = 939). With the exception of GITSG, the authors collected individual patient data from each of these studies (n = 875) to produce as accurate a results as possible. When collating results from the three chemotherapy trials, heterogeneity was affected with the addition of the Japanese results (X² = 11.7, P = 0.009 when included, X² = 2.5, P = 0.29 without). The authors suggest that this was due to the large number of R1 resections included in that particular study. Nevertheless, analysis of the dataset both including and excluding this study resulted in reductions of 25% (HR = 0.75, 95%CI: 0.64-0.9, P = 0.001) and 35% (HR = 0.65, 95%CI: 0.54-0.8, P < 0.001) respectively in the risk of death with adjuvant chemotherapy. Median survival was estimated to be 19 months (95%CI: 16.4-21.1) with chemotherapy and 13.5 mo (95%CI: 12.2-15.8) without.  [20: ]  [21: ]  [22: ]  [23: ] 

A later meta-analysis[[endnoteRef:24]] included the five randomised trials comparing adjuvant chemotherapy to observation (Bakkevold et al[6], ESPAC-1[7], Takada et al[9], JSAP[10] and CONKO-001[12]). Median survival data was available from all studies with the exception of Takada et al, with no significant heterogeneity between the remaining four conflicting studies (P = 0.07). Meta-analysis indicated a significant survival benefit of 3 mo (95%CI: 0.3-5.7, P = 0.03) in patients receiving adjuvant chemotherapy as opposed to observation. However, adjuvant treatment translated into only a 3.1% benefit in 5-year survival which proved insignificant. [24: ] 

[bookmark: _Ref385924883]A third meta-analysis looked specifically at adjuvant therapy in relation to resection margins[[endnoteRef:25]]. This meta-analysis was supportive of adjuvant chemotherapy, indicating a 25% reduction in the risk of death with treatment as opposed to observation (HR = 0.75, 95%CI: 0.64-0.9, P = 0.001). Patients undergoing a clear-margin resection benefited from a 7-mo survival increase with chemotherapy (median survival of 20.8 mo vs 13.8 mo), but the effect was less pronounced in R1 resections (median survival of 15 mo vs 13.2 mo). This finding was in agreement with Stocken who noted that chemotherapy was less effective in patients with a positive resection margin. [25: ] 

[bookmark: _Ref385924906]A recently published network meta-analysis[[endnoteRef:26]] has examined overall survival in patients receiving adjuvant gemcitabine or 5-FU in comparison to observation. Results suggested that adjuvant therapy with either gemcitabine (n = 774) or 5-FU (n = 876) showed a survival benefit in comparison with observation alone (n = 670) with hazard ratios of 0.68 (95%CI: 0.44-1.07) and 0.62 (95%CI: 0.42-0.88) respectively. No significant survival difference was noted in comparing adjuvant gemcitabine and 5-FU, though grades 3-4 non-haematological toxicity was almost four-times as common in patients receiving the latter drug. [26: ] 


ADJUVANT CHEMORADIOTHERAPY
GITSG[22] was the first randomised trial evaluating the role of adjuvant therapy in pancreatic cancer (Table 3). In non-resectable patients, previous studies had shown the benefit of both radiotherapy[[endnoteRef:27]] and 5-FU combined with radiotherapy[[endnoteRef:28]] and on this basis GITSG compared adjuvant 5-FU chemoradiation versus no adjuvant therapy. Though the study population was small (n = 43), final analysis of the data revealed a substantial median survival benefit with treatment (21 mo) in comparison to no treatment (10.9 mo). Following this evidence, chemoradiotherapy became a standard adjuvant treatment option for pancreatic cancer patients in the United States[[endnoteRef:29]]. A decade later, the findings from GITSG were supported by a prospective, non-randomised study. Yeo et al[[endnoteRef:30]] offered two different chemoradiotherapy regimes (standard or intensive) or observation. Patients undergoing adjuvant treatment reported a median and one-year survival of 19.5 months and 80%, in comparison to 13.5 mo and 54% in those undergoing observation (P = 0.003). Multivariate analysis also supported a survival benefit to those receiving either standard (P < 0.001) or intensive therapy (P = 0.04).   [27: ]  [28: ]  [29: ]  [30: ] 

The EORTC study[21] was undertaken across twenty nine European centres and included 218 patients who had undergone resection for pancreatic or ampullary lesions. One hundred and fourteen of these were for pancreatic head cancers and those tumours graded as T3 ≤ or N1b nodal disease were excluded from the study. Patients were assigned surgery alone or to additionally receive two four-week cycles of adjuvant 5-FU and concurrent radiotherapy.  Treatment was commenced within eight weeks of surgery when patients received a daily radiotherapy dose of 2 Gy, five times a week for two weeks followed by a two week break. This cycle was then repeated to make a total absorbed dose of 40 Gy. Alongside the first week of radiotherapy, patients received 25 mg/kg of 5-FU per 24 h up to a maximum daily dose of 1500 mg. The dosage of 5-FU during the second cycle was dependant on any resulting toxicity from the first cycle. 
Analysis of the entire study population revealed no statistical difference in overall or disease-free survival. When considering the pancreatic group alone, median survival in the treatment group was 17.1 mo compared to 12.6 mo in those undergoing observation (P = 0.099). Two-year survival was 37% and 20%, with five-year survival being 23% and 10% in each group respectively. The pattern of recurrent disease was similar in both treatment groups with both locoregional and distant metastases occurring concurrently in 19%-22% of patients experiencing disease recurrence. 15% of patients from each group experienced local recurrence alone, suggesting that adjuvant radiotherapy is ineffective against pancreatic and ampullary cancer. 
In the ESPAC-1 trial, chemoradiotherapy consisted of 20 Gy in ten daily fractions over a fortnight with a 500 mg/m² intravenous bolus of 5-FU on days 1-3 to be repeated two weeks later. For those patients assigned to receive both chemoradiotherapy and chemotherapy, the above regime was combined with the chemotherapy regime previously described. Initial results from ESPAC-1 showed no survival benefit in those receiving chemoradiotherapy. Chemoradiotherapy incurred a median survival of 15.5 mo (95%CI: 13.5-17.4) compared to 16.1 months (95%CI: 13.1-20.1) in patients which had not received any (HR = 1.18, 95%CI: 0.9-1.55, P = 0.235). These findings were echoed when evaluating patients in the 2X2 study design alone with those patients receiving chemoradiotherapy alone achieving a median survival of 15.8 mo (95%CI: 13.5-19.4) vs 17.8 mo (95%CI: 14-23.6) in those not. Again, these findings did not reach statistical significance with P = 0.086.
Final analysis of the 2X2 data showed that chemoradiotherapy had a negative effect on patient survival. Median survival was 15.9 mo (95%CI: 13.7-19.9) in those that received chemotherapy whilst patients that received none survived for a median of 17.9 mo (95%CI: 14.8-23.6), P = 0.05. Estimated 5-year survival was 10% in the chemoradiotherapy cohort in comparison to 20% in those patients who received none.  In those patients randomised outside the 2X2 study design, median survival was only 13.9 mo (95%CI: 12.2-17.3) amongst the 73 patients who had received chemoradiotherapy. This was in comparison to a median survival of 16.9 mo (95%CI: 12.3-24.8) in those who underwent surgery alone and 21.6 mo (95%CI: 13.5-27.3) in those who underwent adjuvant chemotherapy without any chemoradiation. Estimated 5-year survival in these individual treatment groups was 7%, 11% and 29% respectively. Though this is strongly suggestive that adjuvant chemoradiation has a negative impact on survival, ESPAC-1 was underpowered to directly assess these smaller cohorts outside the 2X2 design. The authors suggest that the lack of survival benefit with chemoradiation may be due to a delay in administering the treatment to patients who were also receiving chemotherapy. Some have argued that the radiotherapy given during ESPAC-1 was substandard and not subject to rigorous quality control, though the survival rates achieved in the individual groups were similar to those achieved in other major studies[[endnoteRef:31]]. [31: ] 

Following the publication of their interim findings in 2008[[endnoteRef:32]], the final 5-year analysis of the RTOG 97-04 study was published in 2011[[endnoteRef:33]]. Patients were stratified into two arms – each to receive either gemcitabine or 5-FU both prior to, and after 5-FU based chemoradiation. In the gemcitabine group (n = 221), one cycle was administered (1000 mg/m² for 3 wk followed by a 1 week break)  prior to chemoradiotherapy, after which a further 3 cycles was undertaken. Patients in the 5-FU arm (n = 230) were administered a continuous infusion of 250 mg/m² per day for 3 wk prior to the commencement of chemoradiation. 5-FU was then administered for two six-week cycles of 5-FU (4 wk on plus 2 wk off). Chemoradiation consisted of 50.4 Gy of radiation in divided fractions, in association with a continuous infusion of 5-FU at the previously stated dose over the duration of the radiation therapy. No significant difference was identified in overall or disease-free survival in the final analysis. Worth noting, is though completion rates for designated treatments were equally high (87% in the 5-FU group and 90% in the gemcitabine group) with those in the latter group experienced greater numbers of haematological (P < 0.001) and Grade 4 events (P < 0.001) secondary to acute toxicity.  [32: ]  [33: ] 

A subgroup analysis from RTOG was undertaken observing those with pancreatic head tumours. The difference in median survival between both groups was not statistically significant, being 17.1 mo in the 5-FU group and 20.5 mo in the gemcitabine group (HR = 0.933, 95%CI: 0.76-1.15, log rank P = 0.51). However, following adjustment for stratification variables including nodal status, tumour size and surgical margins, multivariate analysis suggests a benefit with gemcitabine over 5-FU (HR = 0.80, 95%CI: 0.63-1.00, P = 0.05). 
The most recently published Phase III randomised trial compared adjuvant chemoradiation, including 5-FU, cisplatin and interferon Alfa-2b (Group 1) with adjuvant 5-FU and folinic acid without chemoradiation (Group 2). CapRI[[endnoteRef:34] ] followed a similar Phase II trial which reported a promising 5-year survival rate of 55%[[endnoteRef:35]]. Patients in group 1 received a 200 mg/m² continuous infusion of 5-FU, 30 mg/m²/week of cisplatin and 3 million units of interferon α-2b three times a week. This treatment continued for 5.5 wk and was given alongside 50.4 Gy of radiation in 28 fractions. Following chemoradiotherapy, patients underwent a further two cycles of 5-FU. Those in group 2 were treated for six cycles of chemotherapy with 20 mg/m² of folinic acid and 425 mg/m² of FU on days 1-5 of a 28-d cycle without any radiotherapy. Patients underwent regular clinical follow in addition to receiving a CT at 6-monthly intervals, or whenever clinically indicated. Though 132 patients were initially randomised, only 110 of these received at least one dose of a study treatment and were described as the per-protocol population. [34: ]  [35: ] 

Overall survival and disease free survival was not significantly different between the two groups. However, the median survival data from the per-protocol population are amongst the best published, being 32.1 mo (95%CI: 22.8-42.2) in group 1, and 28.5 mo (95%CI: 19.5-38.6) in group 2 (HR = 1.2, 95%CI: 0.49-2.95, P = 0.49). Selection bias was unlikely, given that 97% of tumours were T3 and above, 79% of patients had nodal disease and only 61% of patients underwent a R0 resection. The authors concede that these impressive survival figures are unlikely to be secondary to adjuvant therapy alone, and acknowledge that the vast majority of patients underwent an aggressive soft tissue clearance during their resection in Heidelberg. Nevertheless, these results seem to have been achieved the expense of very high levels of toxicity, with 85% of patients receiving chemoradioimmunotherapy experiencing grades 3 or 4 toxicity  which were mainly haematological in origin. In a separate study[[endnoteRef:36]] this controversial chemoradioimmunotherapy regime led to a 93% grade 3 and 4 gastrointestinal toxicity rate, leading to its abandonment.  [36: ] 

In addition to these randomised trials which have produced conflicting results, a handful of large retrospective reviews have also been published[[endnoteRef:37]]. A prospectively collected database from John Hopkins Hospital in Baltimore compared those who received adjuvant chemoradiotherapy (n = 271) to those who did not (n = 345). Chemoradiotherapy consisted of a continuous infusion of 5-FU with 50 Gy of radiation in divided fractions, followed by maintenance 5-FU for a further 2-6 months. Chemoradiation improved survival compared to those who received no adjuvant therapy, with a median survival of 21.2 mo as opposed to 14.4 mo (HR = 0.72, 95%CI: 0.6-0.86, P < 0.001). Even after adjusting for confounding factors including comorbid disease and surgical complication rate amongst others, chemoradiation continued to show a survival benefit (Relative Risk = 0.74, P < 0.001). Multivariate analysis revealed a significant survival benefit to chemoradiotherapy in those patients who had either positive (P = 0.002) or negative (P = 0.035) resection margins.  [37: ] 

The Mayo Clinic published their 1975-2005 experience[[endnoteRef:38]], also supporting the use of adjuvant chemoradiotherapy. Their retrospective study (n = 454) included only R0 resections. Ninety-eight percent of the 274 patients that received radiotherapy (median dose 50 Gy in 28 fractions) also received concurrent 5-FU based chemotherapy, and only 10% of these received any additional chemotherapy following chemoradiation. Median survival was improved with adjuvant treatment as opposed to surgery alone, with rates of 25.2 and 19.2 months respectively. Chemoradiotherapy improved survival in various disease subgroups including node positive disease (P < 0.001), high-grade tumours (P < 0.001), or both together (P < 0.001). [38: ] 

Numerous publications have recently originated from the US-based Surveillance, Epidemiology and End Results (SEER) database supporting the use of adjuvant radiotherapy. Artinyan et al[[endnoteRef:39]] analysed 1930 patients that had undergone curative node-negative resections for pancreatic cancer during 1988-2003. Multivariate analysis revealed adjuvant radiotherapy to be a significant factor in improving overall survival (HR = 0.72, 95%CI: 0.63-0.82, P < 0.001). Greco et al[[endnoteRef:40]] presented 2636 pancreatic resections, of which 1123 received adjuvant radiotherapy with a median survival of 18 months, versus 11 months in those who received no radiotherapy (P < 0.01). Moody et al[[endnoteRef:41]] further supported these claims with his series, also concluding that adjuvant radiotherapy improved survival compared to no radiotherapy (P = 0.004). However, on subgroup analysis statistical significance was only maintained in patients with Stage 2B disease (P < 0.0001). Hazard et al[[endnoteRef:42]] also supports the use of radiotherapy with her publication, though specific conclusions in relation to adjuvant therapy cannot be made as most patients received both neoadjuvant and adjuvant radiation. Though the SEER database has the advantage of possessing the details of an impressive volume of patients, concerns have been raised. As the data collection is retrospective, now-important prognostic information such as margin status, lymphovascular and perineural invasion, patient comorbid status and performance status details have not been collected. This may have produced a treatment bias in these patient cohorts which cannot be adjusted for during statistical analysis.  [39: ]  [40: ]  [41: ]  [42: ] 


META-ANALYSIS OF ADJUVANT CHEMORADIOTHERAPY IN PANCREATIC CANCER
In addition to the analysis of adjuvant chemotherapy data, Stocken et al[20] also pooled individual patient data from ESPAC-1 2X2[8], ESPAC-1 Plus[16] and EORTC[21] to assess the benefit of adjuvant chemoradiotherapy (Table 4). Despite borderline heterogeneity (X² = 6.1, P = 0.05), no significant difference in the risk of death was observed with chemoradiotherapy (HR = 1.09, 95%CI: 0.89-1.32, P = 0.43). The GITSG trial[22] was unfortunately unable to provide individual patient data and therefore summary data was utilised. Though heterogeneity was increased (X² = 10, P = 0.02) by the addition of the GITSG summary data to the individual data from other studies, the pooled HR again showed no difference in the risk of death between those receiving chemoradiotherapy and those not (HR = 1.02, 95%CI: 0.85-1.24, P = 0.81). 
Butturini’s meta-analysis[25] on adjuvant therapy and resection margins noted no significant survival advantage with chemoradiation in R0 resections (median survival 15.8 and 15.9 mo). Though remaining statistically insignificant, there was evidence of a small survival benefit with adjuvant chemoradiation in patients receiving a R1 resection (median survival 11.2 and 14.7 mo). Significant heterogeneity was noted in the effect of chemoradiation dependent on resection margin (X² = 4.2, P = 0.04). Adjuvant chemoradiotherapy was estimated to reduce the risk of death by 28% (HR = 0.72, 95%CI: 0.47-1.10) in patients with positive margins, but was estimated to increase the risk by 19% (HR = 1.19, 95%CI: 0.95-1.49) in patients with clear margins.
Liao et al’s[26] recent meta-analysis has been the first to directly compare chemoradiation combined with either 5-FU or gemcitabine with each treatment in isolation. No survival advantage was demonstrated by adding chemoradiation to either adjuvant 5-FU or gemcitabine with all hazard rations approaching 1. However, the addition of chemoradiation to 5-FU (HR = 2.85, 95%CI: 0.15-61.44) or gemcitabine (HR = 36.49, 95%CI: 0.34-3235.7) dramatically increases toxic events in comparison to the use of the chemotherapeutic agent alone. The authors conclude that on the basis of their results, future trials with chemoradiation are not required citing toxicity, resistance and early tumour dissemination as two possible reasons why chemoradiotherapy to the tumour bed may be ineffective in pancreatic cancer.

CURRENT PHASE III TRIALS
It is extremely encouraging to see several Phase III trials currently recruiting for patients to further investigate the role of adjuvant therapy in pancreatic cancer (Table 5). Capecitabine is a fluropyrimidine which has been shown to exert synergistic antitumour activity when combined with gemcitabine[[endnoteRef:43]]. A meta-analysis of three randomised controlled trials (n = 935)[[endnoteRef:44]] compared gemcitabine with gemcitabine plus capecitabine (Gemcap) in advanced pancreatic cancer. This showed an overall survival benefit with the latter treatment (HR = 0.86, 95%CI: 0.75-0.98, P = 0.02) with no intertrial heterogeneity. The ESPAC group is currently recruiting to trial this therapy in the adjuvant setting with the aim of recruiting nearly 1400 patients by the end of 2014[[endnoteRef:45]].  [43: ]  [44: ]  [45: ] 

Folfirinox is another chemotherapeutic regimen that has been subjected to a randomised controlled trial in those with metastatic pancreatic cancer[[endnoteRef:46]]. In comparison to gemcitabine (n = 171), Folfirinox (n = 171) improved both median overall survival from 6.8 to 11.1 mo (HR = 0.57, 95%CI: 0.45-0.73, P < 0.001) and median progression-free survival from 3.3 mo to 6.4 mo (HR = 0.47, 95%CI: 0.37-0.59, P < 0.001). However, Folfirinox resulted in significantly more grades 3 and 4 adverse events than gemcitabine including neutropenia, febrile neutropenia, thrombocytopenia, diarrhoea, and sensory neuropathy.  To the contrary of these findings, further data published from this study[[endnoteRef:47]] disclosed that quality of life impairment was significantly reduced in the Folfirinox group compared to gemcitabine indicating its acceptability to patients. Folfirinox is currently subjected to a two armed Phase III trial in opposition to gemcitabine in resected pancreatic cancer[[endnoteRef:48]]. [46: ]  [47: ]  [48: ] 

The tyrosine-kinase inhibitor Erlotinib, used in combination with gemcitabine has been shown to improve overall survival and progression-free survival  compared to gemcitabine alone in advanced pancreatic cancer in a large Phase III trial (n = 569)[[endnoteRef:49]]. Bao et al[[endnoteRef:50]] utilised these two compounds in the adjuvant setting in a Phase II trial achieving a respectable median disease-free survival of 14.0 mo (95%CI: 8.2–24.5). Furthermore, a single-institution Phase II trial (n = 48) has also shown that erlotinib can be safely utilised alongside capecitabine and chemoradiotherapy[[endnoteRef:51]]. Currently, erlotinib is being trialled both in combination with gemcitabine versus gemcitabine alone[[endnoteRef:52]] and in a separate trial this will be followed by a course of either capecitabine or 5-FU chemoradiotherapy[[endnoteRef:53]].  [49: ]  [50: ]  [51: ]  [52: ]  [53: ] 

Platinum compounds have been safely used in the various pancreatic cancer trials, though particularly encouraging results have been achieved in the neoadjuvant setting. Heinrich et al[[endnoteRef:54]] prescribed 28 patients a two month neoadjuvant course of gemcitabine and cisplatin. In addition to evidence of a histological response in over half of patients, surgery following this neoadjuvant regimen was safe, leading to a median survival of 26.5 mo. A separate phase II study[[endnoteRef:55]] administered neoadjuvant gemcitabine plus the platinum agent oxaliplatin to 33 patients – 18 with unresectable disease and 15 with borderline resectable disease. Following treatment 13/33 underwent resection with over two-thirds of these patients undergoing an R0 resection. Resection improved median overall survival to 22 mo (95%CI: 14-30) compared to 12 mo (95%CI: 9-15) in those treated non-surgically (P = 0.046). [54: ]  [55: ] 

On the basis of these encouraging results, phase III trials are now incorporating platinum agents into their chemotherapy regimens. The Hyperthermia European Adjuvant Trial (HEAT) study[[endnoteRef:56]] will compare adjuvant gemcitabine to adjuvant gemcitabine plus capecitabine plus regional hyperthermia treatment – a regime that has previously been utilised with low reported toxicity. It has been shown that heat can increase the cytotoxicity of certain chemotherapeutic agents[[endnoteRef:57]] including gemcitabine[[endnoteRef:58]] in in vitro experiment with pancreatic cancer cell lines. One phase II study[[endnoteRef:59]] combined gemcitabine with regional heat treatment in the treatment of both metastatic and locally advanced disease. Median survival was 8 months in the entire study population, but extended to 17.7 months in those with localised disease. More recently, a retrospective analysis of 23 patients with gemcitabine refractory inoperable disease was published[[endnoteRef:60]] whereby patients received gemcitabine plus cisplatin alongside regional hyperthermia biweekly for four months. Though 21/23 patients suffered from metastatic disease at recruitment, a median overall survival of 12.9 was achieved (95%CI: 9.9-15.9). [56: ]  [57: ]  [58: ]  [59: ]  [60: ] 

One of the more recent Phase III studies to be approved is to trial adjuvant gemcitabine versus a combination of gemcitabine and the taxane, nabpaclitaxel[[endnoteRef:61]]. This combination has already been shown to be superior to gemcitabine alone in advanced pancreatic cancer in a large Phase III trial[[endnoteRef:62]] (n = 861), where progression free survival improved from 3.7 to 5.5 mo and overall survival growing from 6.7 to 8.5 mo (HR for disease progression or death 0.69, 95%CI: 0.58–0.82, P < 0.001). Though not yet active, the results of this promising large international multicentre trial are already much anticipated. [61: ]  [62: ] 


CONCLUSION
Pancreatic cancer remains a substantial challenge for surgeons and oncologists alike. Surgical resection remains the foundation for any patient with resectable disease. There is now irrefutable evidence that adjuvant chemotherapy improves both overall and disease-free survival and several phase III trials are currently in progress aiming to challenge gemcitabine as the gold standard adjuvant drug. The evidence for adjuvant chemoradiotherapy in large Phase III trials is lacking and can therefore not be recommended as standard therapy. Future adjuvant RCTs will compare approaches using combination therapies to attempt to improve the outlook.
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	Table 1 Major adjuvant chemotherapy trials in pancreatic cancer

	
	 
	 
	Final analysis
	Survival (95%CI)
	Disease-free survival (DFS)(95%CI)

	Year published
	Author/Group
	Treatment arms (n)
	T3
	N+ (%)
	R0 (%)
	Median survival (months)
	1-year survival (%)
	2-year survival 
(%)
	3-year survival (%)
	5-year survival (%)
	Median DFS (months)
	1-year DFS (%)
	2-year DFS 
(%)
	3-year DFS (%)
	5-year DFS (%)

	1993
	Bakkevold
	5-FU/Doxorubicin/
MitomycinC (30)
	n/a
	n/a
	100
	23
	_______
	70
	27
	4
	________
	________
	________
	_______
	_______

	 
	 
	Surgery alone (31)
	 
	 
	 
	11 (P = 0.02)
	 
	45
	30
	8 (P = 0.1)
	 
	 
	 
	 
	 

	2001
	ESPAC-1 (All patients)
	5-FU/Folinic Acid +/- CRT (238)
	n/a
	53
	82
	19.7 (16.4-22.4)
	________
	________
	________
	________
	________
	________
	________
	_______
	_______

	 
	 
	No chemotherapy +/- CRT (235)
	 
	 
	 
	14 (11.9-16.5) (HR = 0.66, 0.52-0.83, P = 0.0005)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	ESPAC-1 (2x2 design only)
	5-FU/Folinic Acid +/- CRT (146)
	n/a
	n/a
	n/a
	17.4 (13.5-21.8)
	________
	________
	________
	________
	________
	________
	________
	_______
	_______

	 
	 
	No chemotherapy +/- CRT (139)
	 
	 
	 
	15.9 (13.5-19.2) (HR = 0.82, 0.6-1.11, P = 0.19)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2002
	Takada
	5-FU/MitomycinC (89)
	n/a
	85
	58
	n/a
	________
	________
	________
	11.5
	________
	________
	________
	_______
	8.6

	 
	 
	Surgery alone (84)
	 
	 
	 
	 
	 
	 
	 
	18 (log rank NS)
	 
	 
	 
	 
	7.8 (log rank P = 0.84)

	2004
	ESPAC-1 (2x2 final analysis)
	5-FU/Folinic Acid (147)
	n/a
	54
	82
	20.1 (16.5-22.7)
	________
	40
	________
	21
	________
	________
	________
	_______
	_______

	 
	 
	No chemotherapy +/- CRT (142)
	 
	 
	 
	15.5 (13-17.7) (HR = 0.71, 0.55-0.92, P = 0.009)
	 
	30
	 
	8
	 
	 
	 
	 
	 

	2006
	JSAP (Kosuge)
	Cisplatin/5-FU (45)
	n/a
	27
	100
	12.50
	________
	________
	________
	26.40
	________
	________
	________
	_______
	_______

	 
	 
	Surgery alone (44)
	 
	 
	 
	15.8
	 
	 
	 
	14.9 (P = 0.94)
	 
	 
	 
	 
	 

	2007
	CONKO-001 (Oettle)
	Gemcitabine (179)
	 
	 
	 
	22.1 (18.4-25.8)
	72.5
	47.5
	34
	22.5
	13.4 (11.4-15.3)
	58
	30.5
	23.5
	16.5

	 
	 
	Surgery alone (175)
	86
	72
	83
	20.2 (17-23.4) (P = 0.06)
	72.5
	42
	20.5
	20.5
	6.9 (6.1-7.8) (P < 0.001)
	31
	14.5
	7.5
	5.5

	2008
	CONKO-001 Final (Neuhaus)
	Gemcitabine (179)
	 
	 
	 
	22.8
	________
	________
	36.5
	21
	13.4
	________
	________
	23.5
	16

	 
	 
	Surgery alone (175)
	 
	 
	 
	20.2 (P = 0.005)
	 
	 
	19.5
	9
	6.9 (P<0.001)
	 
	 
	8.5
	6.5

	2009
	JSAP-2 (Ueno)
	Gemcitabine +/- RT (58)
	86
	69
	84
	22.3 (16.1-30.7)
	77.6
	48.3
	________
	23.9
	11.4 (8-14.5)
	49
	27.2
	_______
	_______

	 
	 
	Surgery alone +/- RT (60)
	 
	 
	 
	18.4 (15.1-25.3) (HR = 0.77, 0.51-1.14, P = 0.19)
	75
	40
	 
	10.6
	5 (3.7-8.9) (HR = 0.6, 0.4-0.89, P = 0.01)
	26.7
	16.7
	 
	 

	2009
	Collated data ESPAC-1, ESPAC-1 Plus, ESPAC-3(v1)
	5-FU/Folinic Acid (233)
	n/a
	55
	75
	23.2 (20.1-26.5)
	77
	49
	________
	24
	________
	________
	________
	_______
	_______

	 
	 
	Surgery alone (225)
	 
	 
	 
	16.8 (14.3-19.2) (HR = 0.7, 0.55-0.88, P = 0.003)
	63
	37
	 
	14
	 
	 
	 
	 
	 

	2010
	ESPAC-3(v2)
	5-FU/Folinic Acid (551)
	n/a
	72
	65
	23 (21.1-25)
	78.5 (75-82)
	48.1 (43.8-52.4)
	________
	________
	14.1 (12.5-15.3)
	56.1 (51.8-60.3)
	30.7 (26.7-34.6)
	_______
	_______

	 
	 
	Gemcitabine (537)
	 
	 
	 
	23.6 (21.4-26.4) (HR = 0.94, 0.81-1.08, P = 0.39)
	80.1 (76.7-83.6)
	49.1 (44.8-53.4)
	 
	 
	14.3 (13.5-15.6)
	61.3 (57.1-65.5)
	29.6 (25.6-33.5)
	 
	 

	2013
	JASPAC-01
	S-1 (187)
	87
	63
	87
	46.3
	________
	70
	________
	________
	23.2
	________
	49
	_______
	_______

	 
	 
	Gemcitabine (191)
	 
	 
	 
	25.5  (P < 0.0001) 
	 
	53 (HR = 0.56, 0.42-0.74, P < 0.0001)
	 
	 
	11.2 (log rank P < 0.0001)
	 
	29 (HR = 0.56, 0.43-0.71, log rank P < 0.0001)
	 
	 

	CRT:  Chemoradiotherapy; n/a: Not avialable; NS: Not significant; 5-FU: 5-flurouracil.




	Table 2 Meta-analyses of adjuvant chemotherapy in pancreatic cancer

	 
	 
	 
	Survival (95%CI)

	Year published
	Author
	Arm (n)
	Median survival (months)
	2-year survival (%) 
	5-year survival (%)

	2005
	Stocken
	CT (348)
	19 (16.4-21.1)
	38
	19

	 
	 
	No CT (338)
	13.5 (12.2-15.8)
	28
	12

	2007
	Boeck
	CT (482)
	3 month (0.3-5.7) survival benefit 
	_______
	3.1% (-4.6-10.8) survival benefit

	 
	 
	No CT (469)
	with CT vs no CT (P = 0.03)
	 
	with CT vs no CT (P > 0.05)

	2008
	Butturini
	 
	R0 Resections
	 
	 

	 
	 
	CT (236)
	20.8 (17.7-23.2)
	42 (35-48)
	22 (17-28)

	 
	 
	No CT (222)
	13.8 (12.2-16.4)
	27 (21-33)
	10 (5-14)

	 
	 
	 
	R1 Resections
	 
	 

	 
	 
	CT (109)
	15 (11.7-18.1)
	29 (20-38)
	14 (7-21)

	 
	 
	No CT (114)
	13.2 (10.5-17.6)
	31 (22-40)
	17 (10-24)

	2013
	Liao
	 
	Hazard ratio for death (95%CI)
	

	 
	 
	Flurouracil (876)
	0.62 (0.42-0.88)
	

	 
	 
	Observation (670)
	 
	

	 
	 
	Gemcitabine (774)
	0.68 (0.44-1.07)
	 

	 
	 
	Observation (670)
	 
	

	 
	 
	Gemcitabine (774)
	1.1 (0.70-1.86)
	

	 
	 
	Flurouracil (876)
	 
	

	CT: Chemotherapy. 



	Table 3 Major adjuvant chemoradiotherapy trials in pancreatic cancer

	
	 
	 
	Final analysis
	Survival (95%CI)
	Disease-free survival (DFS)(95%CI)

	Year published
	Author/Group
	Treatment arms (n)
	T3 
	N+
	R0
	Median survival (months)
	2-year survival (%)
	3-year survival (%)
	5-year survival (%)
	Median DFS (months)
	2-year DFS (%)

	1985
	GITSG
	CRT (21)
	37
	28
	100
	21
	43 (0.25-0.63)
	________
	________
	________
	________

	
	 
	Surgery alone (22)
	 
	 
	 
	10.9
	18 (0.08-0.36)
	 
	 
	 
	 

	1999
	EORTC
	5-FU/RT (104)
	21
	46
	77
	24.5
	51 (41-61)
	________
	28 (17-39)
	17.4
	38 (28-48)

	 
	 
	Surgery alone (103)
	 
	 
	 
	19 (log rank P = 0.208)
	41 (31-51)
	 
	22 (12-32)
	16 (P = 0.643)
	37 (27-47) (P = 0.643)

	 
	 
	5-FU/RT (60)
	0
	51
	n/a
	17.1
	37 (24-50)
	________
	20 (5-35)
	________
	________

	 
	 
	Surgery alone (54)
	 
	 
	 
	12.6 (log rank P = 0.099)
	23 (11-35)
	 
	10 (0-20)
	 
	 

	2001
	ESPAC-1 (All patients)
	CRT +/- 5-FU/Folinic Acid (175)
	n/a
	56
	82
	15.5 (13.5-17.4)
	________
	________
	________
	________
	________

	 
	 
	No CRT +/- 5-FU/Folinic acid (178)
	 
	 
	 
	16.1 (13.1-20.1) (HR = 1.18, 0.9-1.55, P = 0.24)
	 
	 
	 
	 
	 

	 
	ESPAC-1 (2x2 design only)
	CRT +/- 5-FU/Folinic Acid (142)
	n/a
	n/a
	n/a
	15.8 (13.5-19.4)
	________
	________
	________
	________
	________

	 
	 
	No CRT +/- 5-FU/Folinic acid (143)
	 
	 
	 
	17.8 (14-23.6) (HR = 1.3, 0.96-1.77, P = 0.09)
	 
	 
	 
	 
	 

	2004
	ESPAC-1 (2x2 final analysis)
	CRT +/- 5-FU/Folinic Acid (145)
	n/a
	53
	82
	15.9 (13.7-19.9)
	29
	________
	10
	________
	________

	 
	 
	No CRT +/- 5-FU/Folinic acid (144)
	 
	 
	 
	17.9 (14.8-23.6) (HR = 1.28, 0.99-1.66, P = 0.05)
	41
	 
	20
	 
	 

	 
	ESPAC-1 (Individual Treatment Groups)
	5-FU/Folinic Acid (75)
	 
	 
	 
	21.6 (13.5-27.3)
	 
	 
	29
	 
	 

	 
	 
	CRT + 5-FU/Folinic Acid (72)
	 
	 
	 
	19.9 (14.2-22.5)
	________
	________
	13
	________
	________

	 
	 
	Observation (69)
	 
	 
	 
	16.9 (12.3-24.8)
	 
	 
	11
	 
	 

	 
	 
	CRT (73)
	 
	 
	 
	13.9 (12.2-17.3)
	 
	 
	7
	 
	 

	2006
	RTOG 97-04
	CRT + 5-FU (230)
	75
	66
	66
	No significant difference 
	________
	________
	________
	________
	________

	 
	 
	CRT + Gemcitabine (221)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	CRT + 5-FU (201)
	n/a
	n/a
	n/a
	16.9
	________
	22
	________
	________
	________

	 
	 
	CRT + Gemcitabine (187)
	 
	 
	 
	20.5 (HR = 0.82, 0.65-1.03, P = 0.09)
	 
	31
	 
	 
	 

	2011
	RTOG 97-04 (5-year analysis)
	CRT + 5-FU (230)
	75
	66
	66
	No significant difference
	35
	23
	19
	n/s
	________

	 
	 
	CRT + Gemcitabine (221)
	 
	 
	 
	HR = 0.933, 0.76-1.145, P = 0.51
	40
	27
	19
	 
	 

	 
	 
	CRT + 5-FU (201)
	n/a
	n/a
	n/a
	17.1
	34
	21
	18 (13-24) 
	________
	________

	 
	 
	CRT + Gemcitabine (187)
	 
	 
	 
	20.5
	42
	28
	22
	 
	 

	2012
	CapRI (Schmidt)
	5-FU/Cisplatin/Interferon α-2b → RT → 5-FU (53)
	97
	79
	61
	32.1 (22.8-42.2)
	________
	________
	________
	15.2 (10.3-24.8)
	________

	 
	 
	5-FU/Folinic acid (57)
	 
	 
	 
	28.5 (19.5-38.6) (HR = 1.2, 0.49-2.95, P = 0.49)
	 
	 
	 
	11.5 (9.8-17.6) (P = 0.61)
	 

	CRT:  Chemoradiotherapy; n/a: Not avialable; 5-FU: 5-flurouracil.



	Table 4 Meta-analyses of adjuvant chemoradiotherapy in pancreatic cancer

	
	 
	 
	Survival (95%CI)

	Year published
	Author
	Arm (n)
	Median survival (months)
	2-year survival (%) 
	5-year survival (%)

	2005
	Stocken
	CRT
	15.8 (13.9-18.1)
	30
	12

	 
	 
	No CRT
	15.2 (13.1-18.2)
	34
	17

	2008
	Butturini
	 
	R0 Resections
	 
	 

	 
	 
	CRT (188)
	15.9 (14-18.5)
	30 (23-36)
	10 (5-15)

	 
	 
	No CRT (183)
	15.8 (13.4-20.1)
	38 (31-45)
	20 (13-26)

	 
	 
	 
	R1 Resections
	 
	 

	 
	 
	CRT (53)
	14.7 (11.5-20.5)
	30 (17-42)
	18 (7-29)

	 
	 
	No CRT (53)
	11.2 (9.4-16.7)
	19 (8-31)
	8 (0-16)

	2013
	Liao
	 
	Hazard ratio for death (95%CI)
	

	 
	 
	Chemoradiation (169)
	0.91 (0.55-1.46)
	

	 
	 
	Observation (670)
	 
	

	 
	 
	Chemoradiation + 5-FU (323)
	0.87 (0.27-2.69)
	

	 
	 
	5-FU (876)
	 
	 

	 
	 
	Chemoradiation + 5-FU (323)
	0.59 (0.19-1.74)
	

	 
	 
	Chemoradiation (169)
	 
	

	 
	 
	Chemoradiation + Gemcitabine (221)
	0.82 (0.4-1.71)
	

	 
	 
	Chemoradiation + 5-FU (323)
	 
	

	CRT:  Chemoradiotherapy; 5-FU: 5-flurouracil.




	Table 5 Current Phase III trials investigating adjuvant therapy in pancreatic cancer

	Trial number
	Co-ordinating country
	First enrolment
	Target sample size (n)
	Adjuvant treatment arms
	Primary outcome
	Secondary outcomes (clinical only)

	 
	 
	 
	 
	(I) Gemcitabine
	OS
	Toxicity

	ISRCTN96397434
	UK
	2008
	1396
	(II) Gemcitabine plus Capecitabine
	 
	Quality of life 

	(ESPAC-4)
	 
	 
	 
	 
	 
	OS at 2 and 5 years

	 
	 
	 
	 
	 
	 
	DFS at 5 years

	DRKS00000247
	Germany
	2008
	436
	(I) Gemcitabine
	DFS
	OS

	(CONKO-005)
	 
	 
	 
	(II) Gemcitabine plus Erlotinib
	 
	Toxicity

	
	 
	 
	 
	(I) Gemcitabine
	OS
	DFS

	NCT01013649
	USA
	2009
	950
	(II) Gemcitabine plus Erlotinib
	 
	Toxicity

	(RTOG  0848)
	 
	 
	 
	If DFS at end of treatment (I) or (II), further randomisation to:
	 
	Correlation between baseline fatigue and survival

	 
	 
	 
	 
	(III) A further course of (I) or (II) as previously received plus Capcitabine CRT
	 
	 

	 
	 
	 
	 
	(IV) A further course of (I) or (II) as previously received plus 5-FU CRT
	 
	 

	NCT01072981
	USA
	2010
	722
	Gemcitabine +/- 5-FU CRT +/- HyperAcute®-Pancreas (algenpantucel-L) immunotherapy 
	OS
	 

	 
	 
	 
	 
	 
	 
	 

	NCT01526135
	France/Canada
	2012
	490
	(I) Gemcitabine
	DFS at 3 years
	OS at 3 years

	 
	 
	 
	 
	(II) mFolfirinox (5-FU, Folinic acid, Irinotecan, Oxaliplatin)
	 
	 

	NCT01077427
	Germany
	2012
	336
	(I) Gemcitabine
	DFS
	OS

	 
	 
	 
	 
	(II) Gemcitabine plus Cisplatin plus regional hyperthermia
	 
	 

	NCT01964430
	USA
	Not yet active
	______
	(I) Gemcitaine
	DFS/OS
	 

	 
	 
	 
	 
	(II) Gemcitabine plus Nab-paclitaxel
	 
	 

	OS: Overall survival; DFS: Disease-free survival; CRT:  Chemoradiotherapy; 5-FU: 5-flurouracil.

	 
	 
	 
	 
	
	 
	 




