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Abstract 
The majority of patients with localized pancreatic cancer (PC) who undergo surgery followed by 
adjuvant therapy will develop metastatic disease, suggesting that surgery alone is not sufficient 
for cure and micrometastases are present even when are not clinically detected. As such, the deli-
very of early systemic therapy may be a rational alternative to a surgery-first approach, in an ef-
fort to provide oncologic therapies which are commensurate with the disease stage, and improve 
surgical selection. This review details the rationale for a neoadjuvant approach to localized PC and 
provides specific recommendations for both pretreatment staging and treatment sequencing for 
patients with resectable and borderline resectable PC. 
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1. Introduction 
Pancreatic cancer is likely to become one of our greatest health care challenges as the majority of affected pa-
tients do not have an identifiable or modifiable risk factor; they cannot be identified as a high-risk subset and 
accurate techniques for early diagnosis do not exist. At present, pancreas cancer is the fourth leading cause of 
adult cancer mortality in the United States with an expected 46, 420 incident cases and 39,590 deaths in 2015 [1]. 
Similar to the management of most other solid tumors, surgical resection is thought to be necessary for cure. 
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However, in contrast to many other solid tumors, pancreatic cancer is now recognized as a systemic disease 
which is metastatic at diagnosis in almost all patients (albeit radiographically occult in many) [2]. Despite this 
reality, a surgery-first treatment strategy has remained favored by many oncologists and most surgeons because 
it can be associated with an immediate complete response (even if not durable) and intense multimodality ther-
apy, especially if given in the neoadjuvant setting, is often difficult to deliver. Although a randomized trial 
comparing neoadjuvant therapy to surgery first for localized pancreatic cancer has not been attempted in the 
United States, it has been tried in Europe and failed due to poor accrual [3] [4]. It is unlikely that such a trial will 
be attempted in the future as such visible differences in treatment sequencing make equipoise hard to achieve for 
physicians and their bias usually is perceived by the attentive patient. 

One of the first papers reporting the results of a prospective trial of preoperative (neoadjuvant) chemoradia-
tion (cXRT) for patients with localized pancreatic cancer was published by Evans, Rich and colleagues in 1992 
[5]. This trial evolved from the following clinical observations: (1) a subset of patients who underwent pancrea-
ticoduodenectomy (PD) first experienced early postoperative disease recurrence. Such patients, if treated with a 
neoadjuvant approach, may be identified at the time of post-treatment re-staging prior to surgery, and thereby be 
spared the morbidity and mortality of an ineffective operation, (2) neoadjuvant cXRT may be more effective 
than adjuvant cXRT and may prevent/decrease both local and regional (peritoneal cavity) recurrences and (3) 
the delivery of adjuvant therapy after a large operation (such as PD) was difficult, and often was not giv-
en/completed. In the future, as systemic therapies improve, a surgery-first approach will prevent many patients 
from receiving effective systemic therapies. When this trial was developed over two decades ago, the hope was 
that a neoadjuvant treatment strategy would avoid operation in those patients with aggressive tumor biology for 
whom surgery would be ineffective, and as well, allow us the opportunity to develop the infrastructure needed to 
deliver more intensive combined modality therapy, including techniques for pretreatment biopsy, biliary decom-
pression, and supportive care. Figure 1 is a contemporary consecutive series of patients from our institution treated 
with neoadjuvant therapy for resectable or borderline resectable pancreatic cancer. Those patients found to have 
disease progression at the time of post-treatment/preoperative re-staging (or at the time of laparoscopy/laparotomy) 
did not undergo resection (Figure 1, curve B); those with stable or responding disease after induction therapy com-
pleted all intended therapy, including successful surgical resection of their primary pancreatic tumor (Figure 1, 
curve A). In the 1990s, when we began to explore novel treatment sequencing in a neoadjuvant fashion, we were 
focused on preventing surgery in those who were destined to develop early disease progression. Many of the chal- 
 

 
Figure 1. Survival curves for 248 consecutive patients who received neoadjuvant therapy with surgical intent for either re-
sectable or borderline resectable pancreatic cancer from 2009 to 2015. Curve A represents those who did not complete all 
intended therapy due to disease progression (predominantly in distant sites) or a decline in performance status. Curve B 
represents those who completed all intended therapy to include potentially curative surgery. Median survival from the time 
of diagnosis for those who completed all intended therapy to include surgery was 32 months compared to 11 months for 
those found to have disease progression. 
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lenges associated with neoadjuvant therapy for pancreatic cancer (pretreatment tissue acquisition/bio-psy, biliary 
stenting, delivery of patient-centered multimodality care) are solved and attention is now focused on the favora-
ble survival achieved by those patients who complete all intended multimodality therapy. [6] Such a prolonged 
survival as seen in Figure 1 (curve A) has not previously been associated with pancreatic cancer, and to the ex-
tent that some of this improvement is due to treatment sequencing alone, there appears to be renewed interest in 
neoadjuvant therapy. 

The median survival for patients with pancreatic cancer treated with a surgery-first strategy has not changed 
over the last three decades [7]. The inadequacy of surgical therapy alone and the inability to reliably deliver ad-
juvant therapy has led to a more widespread interest in neoadjuvant therapy to improve the length and quality of 
survival for all treated patients. Neoadjuvant treatment sequencing identifies those patients with rapidly progres-
sive disease, unresponsive to treatment, as distinct from those who receive clinical benefit from induction ther-
apy. While the initial enthusiasm for neoadjuvant therapy was largely focused on preventing surgery in those 
with rapidly progressive disease, the current enthusiasm is a result of the encouraging survival duration of those 
who respond (Figure 1, curve A); what characterizes this patient subset that allows for such a robust anti-tumor 
response? Is systemic therapy more effective on micrometastases in an immune competent host prior to the im-
mune suppression induced by a large operation? These and other questions/controversies of treatment sequenc-
ing will be reviewed and specific recommendations for both pretreatment staging and treatment sequencing will 
be outlined for patients with resectable and borderline resectable pancreatic cancer. 

2. Importance of Pretreatment Staging 
Accurate pretreatment staging is essential for all solid tumor patients, but is particularly important in the man-
agement of pancreatic cancer. Pretreatment evaluations should be based on objective and reproducible anatomic 
definitions to avoid misclassification and incorrect treatment sequencing [8]. Strict adherence to these criteria 
should be applied not only at initial staging but at serial evaluations to accurately assess treatment efficacy. Mul-
tidetector CT provides the most objective data regarding the relationship of the pancreatic tumor to surrounding 
vascular structures, including the superior mesenteric vein-portal vein (SMV-PV) confluence, superior mesen-
teric artery (SMA), and the hepatic and celiac arteries. Several groups have described clinical staging criteria for 
resectable and borderline resectable pancreatic cancer; the criteria used by the authors to define the clinical 
staging of pancreatic cancer are summarized in Table 1 with representative CT images (Figures 2-4). 
 
Table 1. Medical College of Wisconsin CT-based clinical staging of pancreatic cancer. 

Resectable 

Tumor-artery relationship: No radiographic evidence of arterial abutment (celiac, SMA, or hepatic artery) 

Tumor-vein relationship: Tumor-induced narrowing, if present, is <50% of the circumference of the SMV, PV, or SMV-PV confluence 

Borderline Resectable 

Artery: Tumor abutment (<180˚ of the circumference) of SMA or celiac artery. Tumor abutment or short segment encasement (>180˚) of 
the hepatic artery 

Vein: Tumor induced narrowing of >50% of SMV, PV, or SMV-PV or short segment occlusion of SMV, PV, SMV-PV with suitable PV 
(above) and SMV (below) to allow for safe vascular reconstruction 

Extrapancreatic findings: CT scan findings suspicious, but not diagnostic of, metastatic disease (for example, small indeterminate liver 
lesions which are too small to characterize) 

Locally Advanced 

Artery: Tumor encasement (>180˚ of the circumference) of SMA or celiac artery 

Vein: Occlusion of SMV, PV, or SMV-PV without suitable vessels above and below the tumor to allow for reconstruction (no distal or 
proximal target for vascular reconstruction) 

Extrapancreatic findings: No evidence of peritoneal, hepatic, extra-abdominal metastases 

Metastatic 

Evidence of peritoneal or distant metastases 

Abbreviations: SMA, superior mesenteric artery; SMV, superior mesenteric vein; PV, portal vein; SMV-PV, superior mesenteric-portal vein conflu-
ence. 
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(a)                                          (b) 

Figure 2. Axial CT images in the late arterial (Figure 2(a)) and portal-venous (Figure 2(b)) 
phases of a resectable pancreatic head adenocarcinoma (low-attenuation mass, yellow ar-
row). Note the tumor remains confined to the pancreas and is distant from the SMA (red *) 
and does not abut or narrow the SMV (blue #). 

 

   
(a)                                          (b) 

   
(c)                                          (d) 

Figure 3. Axial late arterial (Figure 3(a)), portal venous (Figure 3(b)), coronal arterial 
(Figure 3(c)), and curved planar venous (Figure 3(d)) phase CT images of a borderline re-
sectable adenocarcinoma (low attenuation mass) of the pancreatic head/uncinate process 
(yellow arrow). The tumor abuts (arrowheads) the SMA (red *) and SMV (blue #). Note the 
low-attenuation soft-tissue that abuts the SMA (including inferior pancreaticduodenal artery 
(IPDA) branch) and SMV for 180˚ or less and obliterates the expected normal fat plane. 
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(a)                                             (b) 

Figure 4. Axial (Figure 4(a)) and coronal (Figure 4(b)) CT images in the late arterial phase of a 
locally advanced pancreatic adenocarcinoma of the uncinate process with tumor encasement of the 
SMA (arrowheads). Note the low-attenuation soft-tissue which encases the SMA (red *), IPDA, and 
the replaced right hepatic artery (RRHA) for greater than 180˚ and the greater than 50% “tear-drop” 
shaped narrowing of the SMV (blue #). 

3. Lessons Learned from Adjuvant Therapy 
Historically, patients managed with surgical resection alone had high rates of local and distant relapse, with lo-
cal recurrence rates following complete surgical resection reported to be as high as 86% [9]-[12]. As a result, 
several prospective randomized trials were initiated to assess the potential benefit of adjuvant chemotherapy or 
cXRT in improving local disease control and patient survival. The trials, trial designs, and results are listed in 
Table 2 and provide a benchmark to which neoadjuvant studies must be compared. However, it is important to 
acknowledge the selection bias inherent in all adjuvant trials; enrolled patients survived surgery and in general, 
experienced an uncomplicated recovery to allow for trial enrollment. Those patients who experienced a peri-
operative mortality or delayed recovery were not included, and the number or percentage of those not included 
is unknown. 

Adjuvant cXRT was adopted as standard in the United States shortly after the publication of the Gastrointes-
tinal Tumor Study Group (GITSG) trial in 1985 [13]. In this prospective randomized trial for patients with re-
sected pancreatic cancer, median survival was 20 months for those who received cXRT versus 11 months in the 
observationarm (surgery alone) despite what is now considered suboptimal cXRT (p = 0.04) [13]. Two other 
prospective randomized controlled trials failed to replicate the results of the GITSG trial; the EORTC trial uti-
lized a similar split course regimen of cXRT as was used in the GITSG trial but provided no additional systemic 
therapy [9] [14], and the ESPAC1 trial utilized a 2 × 2 factorial design to evaluate adjuvant chemotherapy and 
cXRT [15]. Both trials have been heavily criticized for lack of standardized pathologic evaluation and radiation 
quality control, low compliance to prescribed therapy, and the absence of rigorous patient monitoring and fol-
low-up. Nevertheless, these trials have changed clinical practice; cXRT is no longer routinely given to post-sur- 
gical patients, especially in Europe. 

While controversy persists regarding adjuvant cXRT, the reports of several trials support the benefit of adju-
vant chemotherapy. The CONKO-001 trial examined the value of adjuvant gemcitabine after pancreatectomy 
compared to surgery alone [16]. The median overall survival was statistically different between the two armsin 
favor of gemcitabine therapy (22.8 vs. 20.2 mo, p = 0.01); survival rates at 5-and 10-years were 20.7% and 12.2% 
in the gemcitabine arm and 10.4% and 7.7% in the observation arm. The ESPAC-3 trial compared 6 months of 
adjuvant bolus 5-FU/folinic acid versus gemcitabine in patients with resected pancreatic adenocarcinoma [17]. 
Thistrial demonstrated no difference in overall or progression free survival between treatment arms but did 
demonstrate the importance of completing all planned therapy, even if adjuvant therapy was started greater than 
eight weeks after surgery [18]. Finally, the Radiation Therapy Oncology Group (RTOG) 9704 trial compared 
adjuvant systemic gemcitabine versus continuous infusion (CI) 5-FU when given before and after CI 5-FU-  
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Table 2. Prospective randomized controlled trials of adjuvant therapy for pancreatic cancer. 

  Was It Standardized?  

Study, Year Pt No. Pathology 
Review 

*Pre-Rx 
Imaging 

Radiation 
QA/QC Chemotherapy Outcome 

GITSG [13], 1985 43 No No No Bolus 5-FU 

Improved median survival 
for those who received 

adjuvant therapy (20 vs. 11 
mo). 2 yr OS 42 vs. 15% 

EORTC [14], 1999 114 Yes No No 5-FU infusion 
No statistically significant 
difference in survival (17.1 

vs. 12.5 mo) 

ESPAC1 [15], 2004 541 No No No Bolus 5-FU 

Improved median survival 
for chemotherapy alone 

(19.4 mo). No benefit for 
radiation 

RTOG 9704 [19], 
2006 442 Yes Yes Yes Gemcitabine vs. 

5-FU infusion 

Nonsignificant trend  
favoring gemcitabine  

before and after  
chemoXRT 

CONKO-001 [16] 
[58], 2007 354 No No N/A Gemcitabine 

Improved median disease 
free survival  

(13.4 vs. 6.9 mo) 

ESPAC3 [17], 2010 1088 No No N/A Bolus 5-FU vs. 
Gemcitabine 

No difference in DFS or 
OS between 5-FU and 

gemcitabine 

*Before the start of adjuvant therapy (after surgery) to exclude early disease recurrence. 
 
based cXRT [19]. Importantly, a surgery-only “control arm” was not included, a strong indication of the evolv-
ing consensus in the United States for the added value of adjuvant systemic therapy. This important paradigm 
shift serves as a foundation on which neoadjuvant treatment sequencing is based; if we agree that systemic ther-
apy is critically important, it cannot be reliably delivered after PD. Importantly, the trial did not utilize objective 
radiographic criteria to determine preoperative clinical stage and did not routinely document the surgeon’s as-
sessment of whether or not a complete gross resection of the tumor was accomplished. An update of this phase 
III trial reported in 2011 demonstrated a non-significant trend favoring systemic gemcitabine over CI 5-FU 
when given before and after 5-FU-based cXRT for pancreatic head adenocarcinomas (median survival 20.5 mo 
vs. 17.1, 5-yr OS 22% vs. 18%, p = 0.07) [20].  

The lack of rigorous clinical and pathologic staging in most adjuvant trials made it very difficult to determine 
the efficacy of adjuvant cXRT, but has stimulated increased attention to study design, treatment quality control 
and monitoring, and patient follow up. At present, there is consensus that the incorporation of adjuvant chemo-
therapy is beneficial and this has been espoused by expert consensus panels as well as the National Comprehen-
sive Cancer Network Practice Guidelines [21]-[24]. Independent of trial design, a significant proportion (a 
minimum of 30% - 45%) of patients fail to receive intended adjuvant treatment due to lengthy post-operative 
recovery [25]. For this reason, investigators have hypothesized that moving adjuvant therapy to the preoperative 
setting will allow all patients to receive systemic therapy. By initiating chemotherapy earlier in the treatment 
paradigm, systemic treatment will be delivered for a systemic disease, rather than waiting until the patient re-
covers from a local procedure of significant magnitude during which time radiographically occult distant metas-
tases may progress. 

4. Advantages and Disadvantages of Neoadjuvant Treatment Sequencing 
Neoadjuvant therapy for pancreatic cancer has several theoretical advantages and disadvantages which are sum- 
marized in Table 3. Because adjuvant systemic therapy has been demonstrated to prolong survival, utilizing a 
neoadjuvant paradigm provides an opportunity to ensure the delivery of all components of multimodality treat 
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Table 3. Potential advantages and disadvantages of neoadjuvant chemoradiotherapy. 

Benefits of Neoadjuvant Therapy 

The ability to deliver systemic therapy to all patients: critically important as systemic therapies become more effective and  
tumor/patient profiling allow for individualized, personalized medicine 
Following neoadjuvant therapy, post-treatment preoperative staging allows for the identification of patients with aggressive tumor  
biology, who manifest with disease progression and are unresponsive to available therapies. These patients are spared the toxicity  
of surgery 
Increased efficacy of radiation therapy if it is incorporated into the treatment program; free radical production in a well oxygenated  
environment 

Decreased radiation induced toxicity to adjacent normal tissue as the radiated field is resected at the time of pancreatectomy 

Decreased rate of positive resection margins; SMA margin in particular 

Decreased rate of pancreatic fistula formation 

Potential for the downstaging of borderline resectable tumors to facilitate surgical resection 

Disadvantages of Neoadjuvant Therapy 

Potential for complications from pre-treatment endoscopic procedures; endoscopic ultrasound-guided fine-needle aspiration biopsy and 
endoscopic stent placement 

Biliary stent occlusion which may occur during neoadjuvant therapy 

Disease progression obviating resectability; loss of a “window” of resectability which rarely occurs in the borderline resectable  
patient Physicians have to work together during the preoperative phase; discrete handoff from surgeon to medical oncologist to radiation  
oncologist, as occurs with adjuvant therapy, is not possible in the neoadjuvant setting 
As employees of health systems, surgeons may be incentivized to operate frequently in an effort to meet defined productivity (work 
RVU) requirements which impact compensation 

 
ment to all patients who undergo a potentially curative pancreatectomy. In addition, since neoadjuvant therapy 
offers an “induction” phase lasting approximately 2 - 3 months, individuals with unfavorable tumor biology who 
develop early metastatic disease are identified prior to surgery. This subset of patients (10% - 30%) isspared the 
morbidity of an operation and may receive appropriate therapy for distant disease without delay. If cXRT is 
considered, it is likely more effective at generating free-radicals in a well-oxygenated environment which has 
not been devascularized by surgical intervention [5] [26]. In addition, the administration of preoperative radia-
tion has been associated with decreased toxicity to adjacent normal tissue and may reduce the risk of peritoneal 
tumor seeding during the surgical procedure [15]. From a surgical perspective, neoadjuvant chemoradiotherapy 
may decrease the high rate (up to 50%) of positive margins (R1 or R2) seen after surgery alone and also reduce 
the risk of pancreatic fistula formation as the treated pancreas becomes more firm with a decrease in enzyme 
production [27]-[29].  

There are limitations/challenges of neoadjuvant treatment sequencing which havenegatively influenced its 
more widespread application. A tissue diagnosis is required prior to treatment; currently, this is accomplished 
using endoscopic ultrasound-guided fine-needle aspiration and available expertise is not consistent across insti-
tutions. In addition, patients with tumors in the head of the pancreas frequently require treatment of biliary ob-
struction with endobiliary stenting. Stent-related morbidities, including cholangitis due to stent occlusion during 
neoadjuvant therapy, occurs in up to 15% of patients and requires prompt recognition. [30] However, the use of 
metal endobiliary stents rather than polyethylene (plastic) stents has reduced stent-related complications [31].  

5. Neoadjuvant Therapy for Resectable Pancreatic Cancer 
A number of single institution studies have reported the use of neoadjuvant cXRT in resectable and borderline 
resectable pancreatic cancer (Table 4). There port by Evans, Rich and colleagues was the first touse CT-based 
anatomic definitions for pretreatment and preoperative clinical staging, a standardized surgical technique, and a 
defined system for pathologic evaluation of the surgical specimen [5]. Given the modest response rates to 5-FU- 
based chemotherapeutic regimens in unresectable or metastatic pancreatic cancer, investigators then explored 
alternative systemic therapies, still combined with radiation; radiation was felt to be an important part of the lo-
cal-regional treatment in combination with surgical excision of the pancreatic tumor. The efficacy of gemcita-
bine in the treatment of advanced pancreatic cancer, as well as the drug’s potent radiosensitizing effect, sug-
gested that it would be an ideal candidate for neoadjuvant study. Building on previous trials using hypofractio-
nation, Evans and colleagues studied 86 patients who received weekly gemcitabine (400 mg/m2) and 30 Gy of  
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Table 4. Selected neoadjuvant trials for resectable and borderline resectable pancreatic cancer. 

Author, Year Clinical 
Stage 

No. of 
Patients Chemo Rx Radiation 

No. Patients 
Resected 

(%) 

Median Surviv-
al of Resected 
Patients (mo) 

Evans [5], 1992 R 28 5-FU 50.4 Gy/S 17 (61) 18 

Yeung [59], 1993 R 26 5-FU, MMC 50.4 Gy/S 12 (46) OS: 8 
Pisters [60], 

1998 R 35 5-FU 30 Gy/H 
Or 50.4 Gy/S 20 (57) 25 

Hoffman [61], 1998 R 53 5-FU, MMC 50 Gy/S 24 (45) 15.7 

White [62], 2001 R 96 5-FU 40 Gy/S 53 (55) 23 

Pisters [63], 2002 R 37 paclitaxel 30 Gy/H, 
IORT 20 (54) 19 

Moutardier [64], 2004 R 61 5-FU, cisplatin 30 Gy/ SC or S 40 (66) 26.6 

Mournex [65], 2005 R 41 5-FU, cisplatin 50.4 Gy/S 26 (63) 12/5 

Talamonti [33], 2006 R 20 gemcitabine 30 Gy/H 17 (85) 26 
Varadhachary [32], 

2008 R 90 gemcitabine cisplatin 30 Gy/H 52 (58) 31 

Evans [32], 2008 R 86 gemcitabine 30 Gy/ H 64 (74) 34 

Turrini [66], 2009 R/BLR 102 5-FU and cisplatin 45 Gy 62 (61)† 23 

Le Scodan [67], 2009 R 41 5-FU, cisplatin 50 Gy 26 (63) 11.7 

Turrini [68], 2010 R 34 docetaxel 45 Gy 15 (44) 32 

Stokes [52], 2011 BLR 40 capecitabine 50 Gy 16 (40) 12 

Kang [69], 2011 BLR 32 No 45 /50.4 Gy 23 (72) 26.3 

Artinyan [70], 2011 R 39 not available not available unknown 33.8 

Lee [71], 2012 BLR* 18 gemcitabine No 17 23.1† 

Sho [72], 2012 R 
BLR 

22 
39 gemcitabine 50 /50.4 Gy 59 (97) 28† 

Pipas [73], 2012 R 
BLR 

4 
23 gemcitabine and cetuximab 54 Gy 4 (100) 

18 (78) 24.3† 

Arvold [74], 2012 BLR* 24 5-FU orcapecitabine or  
gemcitabine 

50.4 Gy or 
CRT alone 8 (30) NR 

Barugola [75], 2012 BLR* 27 gemcitabine, gemcitabine and  
cisplatin, or capecitabine 

50.6 Gy 
45 Gy NR 35† 

Leone [76], 2013 BR* 15 gemcitabine and oxaliplatin 50.4 Gy 9 (60) 32† 

Kim [35], 2013 R 
BR* 

23 
39 gemcitabine and oxaliplatin 30 Gy 13 (56) 

24 (62) 27.1† 

Van Buren [77], 2013 R 
BR 

29 
29 gemcitabine and bevacizumab 30 Gy 43 (74) 19.7 

Motoi [78], 2013 R 
BR 

19 
16 gemcitabine or S-1 None 30 (85) 34.7 

Cho [79], 2013 BR 30 gemcitabine, +/− cisplatin  
or capecitabine 

45/50.4/58.4 
Gy NR 45 

Rose [37], 2014 BR 64 gemcitabine, docetaxel 50.4 Gy 31 (48) not reached at  
21.6 months 

O’Reilly [36], 2014 R 38 gemcitabine and oxaliplatin No 27 (71) NR 

Golcher [4], 2014 R 33 gemcitabine and cisplatin 50.4 Gy 19 (58) 25 

Epelboym [80], 2014 BLR* 134 various chemotherapy not available 114 (80) 27.3† 

Blazer [81], 2014 BRPC 18 various regimens 30/36 Gy 11 (61) NR 

Christians [6], 2015 R 69 majority rec’d gemcitabine 50.4 Gy 60 (87) 45 

Katz [82], 2015 BLR 22 FOLFIRINOX 50.4 Gy 15 (68) NR 

Abbreviations: 5-FU, 5-Fluorouracil; MMC, mitomycin C; S, standard fractionation; H, hypofractionation; IORT, intraoperative radiation therapy; 
SC, split course fractionation; NR, not reported *Study includes both BLR and locally advanced PC—only BLR sample size is reported. †Median sur-
vival of all; CI, continuous infusion; CT, computed tomography; cXRT, chemoradiation; FNA, fine needle aspirate; FOLFIRINOX, 5-FU, irinotecan, 
and oxaliplatin; GTX, gemcitabine, docetaxel, capecitabine; PC, Pancreatic cancer; PD, Pancreaticoduodenectomy; PV, Portal Vein; R1, Microscopi-
cally positive margin; R2, macroscopically positive margin; SMA, superior mesenteric artery; SMV, superior mesenteric vein. 



S. Tsai et al. 
 

 
32 

radiation [32]. All patients successfully received the prescribed neoadjuvant therapy with dose reductions of 
gemcitabine required in approximately 50% of patients. PD was performed in 64 (74%) patients; median overall 
survival for the entire cohort and the resected patients was 23 and 34 months respectively. At a minimum fol-
low-up of 5 years for all living patients, 36% of resected patients were alive; no patient survived who did not 
complete all therapy to include PD. The median survival of 34 months in the 64 resected patients, a number not 
previously seen in this disease, was the first signal that treatment sequencing may offer a survival advantage 
beyond that of patient selection. A gemcitabine-based regimen was also studied in a multi-institutional report of 
20 patients with resectable (14) and borderline resectable (6) pancreatic cancer [33]. In this trial, full-dose gem-
citabine (1000 mg/m2) was administered with 36 Gyof radiation [33]. Successful pancreatic resection was per-
formed in 17 (85%) of the 20 patients; median survival was 26 months. Results of initial studies utilizing sys-
temic gemcitabine combined with radiation were encouraging yet distant recurrence remained common, espe-
cially in the liver; more robust systemic coverage was clearly needed. 

Varadhachary and colleagues incorporated systemic therapy with gemcitabine and cisplatin for 2 months, fol-
lowed by gemcitabine-based hypofractionated cXRT [32]. Ninety patients were enrolled and 79 (87%) com-
pleted neoadjuvant therapy. Although the trial required a longer preoperative interval to complete chemotherapy 
followed by cXRT, local tumor progression was not seen and this trial added to other prospective data suggest-
ing that neoadjuvant therapy of reasonable duration does not risk losing a “window of opportunity” for surgical 
resection of the primary pancreatic cancer. Median survival for all patients was 18.7 months and 31 months for 
those who completed all therapy to include successful resection of the pancreatic primary. However, results 
were not improved over the authors’ experience with gemcitabine-based cXRT alone, without the induction 
phase of chemotherapy; but, there was a statistically significant increase in patients with node positive disease in 
this trial compared to the gemcitabine-based cXRT trial, strongly suggesting a higher proportion of patients with 
node positive disease (aggressive biology) at trial entry. 

Tzeng et al. recently reported a series of 167 patients with resectable pancreatic cancer who received either 
chemotherapy and/or cXRT followed by resection or resection first, followed by adjuvant therapy [34]. Those 
patients who completed all multimodality therapy had a median survival over three times as long as those who 
did not (36 versus 11 months; p < 0.001). The rate of completion of multimodality therapy was 83% for those 
being treated with neoadjuvant therapy and only 58% for those treated in the adjuvant setting. In addition, the 
patients treated with neoadjuvant therapy had a lower rate of early disease progression and were impacted less 
severely by postoperative complications. This study underscores the necessity of multimodality therapy for op-
timal overall survival duration and the superiority of neoadjuvant treatment sequencing in insuring the comple-
tion of all therapy. Recent experiences from Memorial Sloan Kettering Cancer Center, the Massachusetts Gen-
eral Hospital, Virginia Mason Medical Center, and the University of Michigan demonstrate the growing enthu-
siasm for neoadjuvant treatment sequencing and acknowledgement that a surgery-first strategy offers little hope 
for significant improvements in patient survival [35]-[38].  

In summary, the experience with neoadjuvant therapy for patients with resectable pancreatic cancer has dem-
onstrated a survival benefit for those who complete intended therapy and undergo successful resection of the 
primary tumor as compared to patients treated with a surgery-first strategy who receive postoperative adjuvant 
therapy. The median survival for patients who undergo PD after successfully completing neoadjuvant systemic 
gemcitabine and radiation is approaching 3 years—compared to approximately two years (24 months) for those 
who complete adjuvant therapy after a surgery-first approach, and approximately 12 months for those who fail 
to receive adjuvant therapy after PD [9] [25] [39]. As a more contemporary example, we recently reported 69 
patients who were not eligible for clinical trial enrollment at our institution, and received neoadjuvant therapy 
for resectable pancreatic cancer. Median survival of all 69 patients was 31.5 months, including 44.9 months for 
the 60 patients who completed all intended neoadjuvant therapy and successful surgery, as compared to 8.1 
months for the 9 patients who did not undergo successful surgery due to disease progression or a decline in per-
formance status [40]. This survival advantage is likely explained by factors other than simply patient selection, 
including the impact oftreatment sequencing on the host-tumor relationship and treatment response [41]. For 
example, neoadjuvant therapy provides early treatment of low volume, radiographically occult micrometastases 
(in liver or lung for example) in the setting of an immune-competent host prior to the stress of a large operation. 
In addition, these micrometastases, which are present in most patients, may be more vulnerable to systemic 
therapy when small and radiographically occult. The ability of neoadjuvant therapy to downstage regional 
lymph node metastases is well described and to the extent that occult liver or lung metastases behave in a similar 
biologic way, sequencing may matter. Importantly, those patients who evidence disease progression after neo- 
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adjuvant therapy are spared a major operation; an operation which, in retrospect, would have resulted in early 
disease recurrence if a surgery-first treatment approach had been used. Such patients benefit greatly from their 
accurate identification as a subset having accelerated tumor growth not responsive to a local therapy such as 
surgery. 

6. Current and Future Neoadjuvant Treatment Schemas for Resectable Disease 
Outside of a clinical trial, the preferred neoadjuvant treatment schema is based on the report of Evans and col-
leagueswhich applied weekly gemcitabine with radiation [32]. This program resulted in a median survival of 
almost 3 years in those patients who completed all therapy to include surgery. We have modified this regimen 
slightly to include a standard fractionation course of cXRT (1.8 Gy/day, M-F, 28 fractions) to a total dose of 
50.4 Gy. Gemcitabine is typically given on day 1 (day −2 to +1) at a dose of 400 mg/m2/week at fixed dose rate 
over 40 minutes. Restaging with pancreatic protocol CT imaging is completed 4 weeks after the last radiation 
treatment and in the absence of disease progression, patients are then brought to surgery. The recent reports of 
both FOLFIRINOX (5-fluorouracil, oxaliplatin, irinotecan, and leucovorin) and gemcitabine/nab-paclitaxel, 
which demonstrated efficacy in patients with advanced disease, [42] [43] have generated enthusiasm for their 
use in patients with localized disease, especially those with borderline resectable disease [38] [44] [45]. Current 
clinical trials are evaluating the use of FOLFIRINOX (5-fluorouracil, oxaliplatin, irinotecan, and leucovorin) 
and gemcitabine/nab-paclitaxel given prior to surgery (NCT02241551) [46]. Becausec XRT remains controver-
sial, it is likely that physicians in many major medical centers are using neoadjuvant FOLFIRINOX (four cycles) 
or neoadjuvant gemcitabine/nab-paclitaxel (two cycles), both delivered over approximately 2 months. At the 
authors’ institution, clinical trial development for patients with resectable pancreatic cancer has emphasized 
molecular profiling of the fine-needle aspiration (FNA) specimen as a guide to the choice of systemic therapy 
given prior to operation (NCT01726582) [47]. At the time of surgery, we begin each operation with a diagnostic 
laparoscopy in an effort to avoid laparotomy in those patients with radiographically occult liver or peritoneal 
metastases. Approximately 5% - 10% of patients will have radiographically occult metastatic disease at the time 
of laparoscopy. Local tumor resectability should be thoroughly assessed by preoperative imaging, and therefore, 
it should be very rare to abort a planned PD due to local tumor anatomy. 

Future neoadjuvant treatment schemas will likely incorporate molecular profiling of the tumor in an effort to 
tailor the choice of systemic therapy to the potential vulnerabilities of the tumor. As this technologyis incorpo-
rated into clinical trials, the debate over the potential added benefit of cXRT will continue. However, as system-
ic therapies become more effective and median survivals increase, the importance of local disease control may 
become even more compelling. The biology of treatment response is a complicated process; a complete response 
in the liver or lung may not be duplicated at the site of the surgical resection bed, where recurrent disease is 
most often found in the perineural tissues adjacent/surrounding the SMA or celiac artery. Such local disease re-
currence (when it occurs) is often complicated by occlusion or significant narrowing of the SMV or SMV-PV 
confluence which may result in the development of ascites and/or gastrointestinal hemorrhage due to extrahe-
patic portal hypertension. The importance of local disease control, especially in patients with potentially resect-
able disease, cannot be overstated–as clinically significant local-regional disease recurrence may be preventable 
with an optimal operation and the consistent delivery of multimodality therapy to include cXRT either before or 
after surgery. We may be entering a new era in the management of localized pancreatic cancer where small but 
clinically significant advances in systemic therapies improve control of distant metastases and patient surviv-
als—to the extent that more patients survive long enough to experience challenging symptoms of local-regional 
disease recurrence/progression for which we have little contemporary experience. 

7. Neoadjuvant Therapy for Borderline Resectable Cancers 
The median survival of patients with borderline resectable pancreatic cancer who receive multimodality therapy 
and no surgery is 10 - 12 months. A recent meta-analysis examined the resection rates and outcomes in patients 
who received neoadjuvant therapy, dividing the published literature into those studies reporting patients with 
resectable or unresectable (including borderline resectable) disease [48]. In this analysis, 42% of patients initial-
ly deemed borderline/unresectable were considered for surgery after neoadjuvant therapy. Of those, 70% un-
derwent successful pancreatectomy and the rate of R0 resections was observed to be comparable to those pa-
tients initially deemed resectable (79.2% vs. 80.2%, respectively). Among the patients with borderline/locally 
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advanced tumors who underwent resection, overall survival was prolonged to 20.5 months. The interpretation of 
these findings is obscured by the lack of uniform definitions of resectability, as it should be very uncommon that 
a patient with locally advanced disease (when defined as arterial encasement or complete occlusion of the SMV- 
PV) is considered for operation. Nevertheless, although assessment of outcomes in borderline resectable patient-
sis confounded by this lack of objective, reproducible pretreatment staging, small published series have sug-
gested promising outcomes after neoadjuvant treatment sequencing in this high-risk patient subset. A limited 
number of studies have exclusively examined the borderline resectable population using more refined crite-
ria/definitions (Table 4). 

The largest borderline resectable series is from Katz and colleagues and included 160 patients [49]. Border-
line resectable patients were retrospectively categorized into three distinct groups: Group A included patients 
with CT evidence of arterial abutment, Group B patients had findings suggestive but not diagnostic of metastatic 
disease, and Group C patients demonstrated a marginal performance status which was felt to be recoverable. The 
most common treatment sequence was 2 to 4 months of systemic therapy followed by cXRT (30 or 50.4 Gy with 
either gemcitabine or capecitabine/5-FU) with restaging evaluations every 2 months. Seventy-nine (49%) of the 
160 patients underwent an operation; 66 (41%) were successfully resected and R0 resections were achieved in 
62 (94%) of 66 patients. The median survival was 40 months for the 41% of patients who completed all therapy 
including surgery, and 13 months for those patients who did not complete all intended therapy due to disease 
progression or evolving/persistent comorbidities. The 5-year survival was 36% among those who completed all 
therapy. 

A series from H. Lee Moffitt Cancer Center also utilized a paradigm of induction chemotherapy followed by 
cXRT [50]. In this series, 18 patients with borderline resectable disease received the GTX regimen (gemcitabine, 
docetaxel, and capecitabine) followed by cXRT. Seventeen (94%) patients completed neoadjuvant therapy, 14 
(82%) underwent surgery, and 9 (50%) of the 18patients were successfully resected (R0 resection in 8). Median 
survival of all 18 patients was 15.6 months and median survival had not been reached among those patients who 
completed all therapy to include pancreatectomy. The University of Cincinnati reported a retrospective institu-
tional series of 29 patients with borderline resectable disease treated with a variety of different regimens includ-
ing cXRT alone, chemotherapy alone, and cXRT followed by chemotherapy [51]. Twenty-six (89%) of the 29 
patients completed neoadjuvant therapy; disease progression during/after neoadjuvant therapy occurred in 14 
(48%) of the 29 patients and 12 (41%) of the remaining 16 patients underwent successful surgery. Median sur-
vival for unresected and resected patients was 15.5 months and 23.3 months respectively. Investigators at the 
University of Virginia also reported aseries of 40 patients with borderline resectable disease treated with 50.4 
Gystandard-or 50 Gy accelerated-fractionation cXRT [52]. Thirty-four (85%) of the 40 patients completed 
neoadjuvant therapy and 16 patients (40%) underwent resection; median survival for patients who completed all 
therapy including surgery was 23 months. Current clinical trials are comparing the efficacy of FOLFIRINOX 
(5-fluorouracil, oxaliplatin, irinotecan, and leucovorin) versus gemcitabine/nab-paclitaxel given prior to surgery. 
(NCT02562716). 

These promising early results from several small series suggest that the treatment of patients with borderline 
resectable pancreatic cancer with an organized multimodality neoadjuvant approach results in a survival benefit 
among patients who are able to complete all intended therapy. In addition, this survival benefit is similar to that 
seen with patients considered to have resectable pancreatic cancer at the time of diagnosis. Although initial sys-
temic therapy will not benefit all patients with borderline resectable disease, it will identify the cohort of patients 
who are likely to benefit from surgery—such patients experience clinical benefit, radiographic evidence of sta-
ble or responding disease, and often a reduction in serum levels of CA 19 - 9 and/or CEA. Further investigations 
are needed to determine optimal treatment sequencing and the most effective cytotoxic agents (gemcitabine 
doublets vs. GTX vs. FOLFIRINOX). 

8. Current Neoadjuvant Treatment Schemas for Borderline Resectable Disease 
With respect to treatment sequencing, patients with borderline resectable pancreatic cancer are fundamentally 
different from those with resectable disease in that they are: (1) at higher risk for harboring radiographically oc-
cult distant metastatic disease; (2) at the highest possible risk for a positive margin of resection due to tu-
mor-artery abutment; (3) require a more complex operation usually involving vascular resection and reconstruc-
tion; and therefore; (4) there is a greater possibility that, despite the best efforts of the physician team, a surgical 
procedure may yield no oncologic benefit for the patient. For these reasons, investigators have applied a more 
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robust level of selection consisting of a longer period of induction therapy, often including chemotherapy fol-
lowed by cXRT. The cXRT portion of induction therapy has been thought to be particularly important for those 
patients with arterial abutment in the hope of sterilizing at least the periphery of the tumor and thereby prevent-
ing a positive margin of resection.  

Outside of a clinical trial, the preferred neoadjuvant treatment schema for patients with borderline resectable 
pancreatic cancer consists of an initial two months of systemic therapy followed by restaging. The choice of 
systemic agents for the patient’s initial treatment has evolved from gemcitabine-based therapies to consideration 
of FOLFIRINOX, GTX, the recently described gemcitabine doublet including nab-paclitaxel, and others [35] 
[43] [45] [53]-[55]. Restaging at 2 months intervals should include three critically important criteria: the pres-
ence or absence of clinical benefit (e.g., the resolution of pain), CT findings to suggest stable or responding dis-
ease vs. disease progression, and the decrease or increase in serum CA 19 - 9 levels [56]. Only those patients 
with a robust response to induction therapy by all three measures (clinical, radiographic, biochemical) are con-
sidered for an additional two months of systemic therapy. In the absence of a very robust response to chemothe-
rapy alone, it is our practice to proceed directly to cXRT to minimize the risk of local disease progression after 
chemotherapy. Chemoradiation consists of a standard fractionation course of radiation (1.8 Gy/fx, M-F, 28 frac-
tions) to a total dose of 50.4 Gy. Gemcitabine is typically favored as the systemic agent, especially for those pa-
tients with arterial abutment in whom the most robust radiation effect is felt necessary. Restaging is completed 
four weeks after the last radiation treatment and, in the absence of disease progression or a change in clinical 
status, surgery is recommended. 

The complexity of more prolonged neoadjuvant therapy using contemporary regimens, such as FOLFIRINOX 
in patients with borderline resectable disease, was recently published by our multidisciplinary working group 
[45]. Lessons learned from this early experience include: (1) durable biliary decompression (with a metal stent 
rather than polyethylene) is needed for those patients with an obstructed bile duct if neoadjuvant therapy is 
planned for more than 2 months; (2) careful attention to nutritional support and diabetes management is critical 
and; (3) there may be some patients of advanced age or significant medical co-morbidities who will not tolerate 
such extensive therapy, and in such patients the tumor may occasionally be operable but the patient is not a 
suitable operative candidate. This latter situation should not be viewed as a failure of treatment strategy. Such 
individuals likely received a superior clinical benefit from systemic therapy and cXRT than would have been 
realized from an upfront surgery, resulting in a grossly positive margin of resection. 

9. Conclusion 
Neoadjuvant treatment sequencing for patients with resectable or borderline resectable pancreatic cancer offers 
several established and theoretical benefits which are not realized with a surgery-first approach (Table 3). 
Among single institution studies, neoadjuvant therapy for pancreatic cancer has been associated with increased 
rates of margin negative resection, decreased perioperative morbidity, andincreased overall survival for those 
patients who completed all therapy [6] [32] [57]. Challenges exist in standardizing definitions of resectability 
and in implementing objective measures to improve the quality of radiographic, surgical, and pathologic as-
sessments. Further study of novel agents, identification of predictive biomarkers of chemotherapeutic sensitivity, 
and the early detection of treatment response will add to the effectiveness of neoadjuvant therapy. For patients 
who demonstrate aggressive disease biology, neoadjuvant treatment sequencingwillsparethese individuals from 
an operation which in the setting of systemic diseasehas little benefit. Considering that surgery has a modest 
impact on the natural history of pancreatic cancer in most patients, a neoadjuvant approach to treatment se-
quencing is gaining support from clinicians of all specialties and will be the foundation for futurestudies of mul-
timodality therapyin localized pancreatic cancer. 
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