
Supplementary Material 

Patients and Methods		

Based on the lack of dose-limiting toxicity, dose level 4 was selected as the dose for the phase II trial 

[1]. The phase I design is a contraction of 5GyE x 5 from two weeks to one week. Patients were 

enrolled in a standard 3+3 design (see Supplementary Table S1). 

Statistical Analysis 

The OS time of a patient still alive at the time of last follow-up was censored. The PFS time was 

measured until the earliest date of locoregional failure, metastatic progression or death; otherwise the 

event time was censored at the time of last follow-up for progression-free patients still alive. The time 

to locoregional failure was measured until a patient had a recurrence or progression documented at the 

relevant site, or otherwise was treated as a competing event at the date of death or censored at the date 

of last follow-up if still alive. Survival rates were estimated by the Kaplan-Meier method. We used 

log-log transformation to obtain the confidence interval (CI) for the median as well as pointwise CIs 

for the survivor function. The cumulative incidence of local failure was estimated using the method of 

Prentice et al. [2], with death considered as a competing event.  

We compared the level of each plasma biomarker between genotype groups using the exact Mann-

Whitney-Wilcoxon test. We applied log-transformation to circulating biomarkers prior to regression 

analysis. CA19-9 measurements below the detection level were imputed with the lower limit of 

detection. Missing measurements were excluded from analysis. Among the patients with distant 

progression where the extent of metastatic disease was assessable, Gray’s test was used to compare the 

risk of developing oligometastatic disease between genotype groups in the presence of widely 

disseminated metastases as a competing risk [3]. Statistical analysis was computed using SAS 9.2 

(SAS Inst Inc, Cary, NC) and R version 2.6.2 (R Found Stat Comput). 

 



Results and Discussion 

Tissue and circulating biomarker studies 

The prognosis of resectable PDAC is influenced by a complex interaction between genotype, growth 

factor levels, and tumor microenvironment [4-6]. PDAC progression is driven by genetic alterations 

but is facilitated by the activation of the host-derived stroma, in particular tumor-associated 

desmoplasia and inflammation [7, 8].  

We detected KRASG12D mutation in 14/38 resected PDAC patients (37%). KRASG12D mutation—but not 

any KRAS mutation—correlated with elevated circulating levels of the cytokine TNF-α (AUC 

ROC=0.77; n=8; p=0.036). SMAD4 expression was detectable in 12/32 resected PDAC patients 

(38%). SMAD4 status did not correlate with survival. The extent of metastatic disease was assessable 

in 31/35 patients who progressed in distant sites. In these patients, SMAD4 deficiency tended to 

associate with a higher risk of widely disseminated metastases at first relapse, while SMAD4 

preservation tended to correlate with higher risk of developing oligometastatic disease (p=0.051). 

SMAD4, also known as DPC4, has been identified as a potential biomarker of the clinical course of 

progression in PDAC [9, 10]. Our study data support the potential utility of SMAD4 in predicting 

metastatic spread in resectable patients, although we found no association between SMAD4 status or 

disease burden with OS. 

In peripheral blood, we found that prior to surgery (~2 weeks after neoadjuvant treatment) there was no 

significant change in serum CA19-9 or CEA or plasma PlGF, sVEGFR1, sVEGFR2, HGF, s-cMET, 

IL1β, IL-6, IL-8, TNF-α or circulating progenitor cells (Supplementary Table S1). High levels of 

HGF, TNF-α, CEA and CA19-9 after chemoradiation were associated with inferior survival outcomes 

(Supplementary Table S2). Interestingly, we found that plasma VEGF, SDF1α and bFGF 

concentrations decreased after chemoradiation. This drop occurred despite the doubling in plasma 

levels of CAIX (a potential marker of hypoxia, which can stimulate pro-angiogenic molecule 

expression). Moreover, despite detectable treatment-induced myelosuppression (data not shown), the 



number of circulating CD14+ monocytes increased after chemoradiation. Collectively, the histological 

and biomarker data may indicate a profound primary tumor response after neoadjuvant therapy, 

accompanied in some patients by tumor hypoxia and inflammation, which could facilitate PDAC 

progression [6, 11].   

In addition, by semi-quantitative immunohistochemistry, we detected high levels of intratumoral 

expression of both HGF and cMET in the surgical specimens. HGF (a secreted protein) was diffusely 

detectable in PDAC cells and in the fibrotic stroma of PDAC, while its receptor cMET was almost 

exclusively expressed on plasma membranes of PDAC cells after treatment (Supplementary Fig. S1). 

In all specimens analyzed, the fibrotic stroma was uniformly positive for HGF although intensity of 

expression varied among patients. 

HGF/c-MET pathway activation is induced by hypoxia and inflammatory factors and has been 

implicated in cancer cell migration and survival [12, 13]. Preclinical data support the role of 

HGF/cMET in PDAC progression and resistance to cytotoxics [14-16], and agents targeting the 

HGF/c-MET axis are currently in clinical trials for various malignancies including advanced PDAC 

[17]. 

Finally, KRASG12D mutation correlated with higher plasma levels of TNF-α and both associated with 

poor outcome. High circulating concentration of the inflammatory cytokine TNF-α is a biomarker of 

poor prognosis in resected PDAC patients [18]. Of note, TNF-α directly increases HGF expression in 

mesenchymal cells via activation of the P38MAPK and PI3K/Akt pathways [19]. 
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Supplementary Table S1: Phase I design. 

Dose 
Level 

Step 1 
Lead-in 
Phase 

Dose/fraction # Tx Fractionation  
Schedule 

Total 
Dose 

Week 1 
Schedule 

Week 2 
Schedule 

Total Days 

1 1 3 GyE 10 QD 30 M T W Th Fri M T W Th Fri 12 

 Step 2 Dose/fraction # Tx Fractionation 
Schedule 

Total 
Dose 

Week 1 
Schedule 

Week 2 
Schedule 

Total Days 

2 1 5 GyE 5 QD 25 M W F T Th 11 

3 2 5 GyE 5 QD 25 M T Th Fri M 9 

4 3 5 GyE 5 QD 25 M T W Th Fri - 5 

 

  



Supplementary Table S2: Analysis of the association between tissue biomarkers with overall 
survival (OS) and progression-free survival (PFS) after neoadjuvant treatment and surgery in 
resected PDAC patients. Data are shown as hazard ratios with 95% confidence intervals. 
	
Biomarker OS PFS 
KRAS mutation (any) (n=38) 1.04  [0.92,1.18] 1.03 [0.92,1.15] 

P value 0.54 0.64 

KRASG12V mutation (n=38) 0.87 [0.74,1.03] 0.88 [0.76,1.01] 

P value 0.093 0.066 

SMAD4 status (n=32) 0.99 [0.87,1.13] 1.00 [0.89,1.14] 

P value 0.91 0.94 

SDF1α  (CXCL12) (intratumoral) (n=32) 1.04 [0.67,1.61]  1.12 [0.76,1.65] 

P value 0.86 0.56 

SDF1α  (CXCL12) (stromal) (n=32) 1.73 [0.85,3.53] 1.14 [0.61,2.14] 

P value 0.13 0.68 

CXCR4 (intratumoral/cytoplasmic) n=32 0.88 [0.56,1.39]  1.03 [0.69,1.53] 

P value 0.59 0.90 

CXCR4 (intratumoral/membranous) (n=32) 1.46 [0.80,2.64]  1.35 [0.76,2.42] 

P value 0.21 0.30 

CXCR4 (stromal) n=31 1.26 [0.67,2.38]  1.31 [0.76,2.27]  

P value 0.47 0.33 

CXCR7 (intratumoral) n=32 0.93 [0.59,1.44]  1.06 [0.74,1.52] 

P value 0.73 0.76 

CD68+ macrophage density (tumoral) n=32 1.08 [0.94,1.25]  1.03 [0.90,1.17] 

P value 0.29 0.67 

CD68+ macrophage density (stromal) n=32 0.96 [0.84,1.10]  0.93 [0.82,1.05] 

P value 0.60 0.26 

*P values are from Wald test in a univariable Cox regression. 

  



Supplementary Table S3: Kinetics of plasma biomarkers after neoadjuvant chemoradiation in 
PDAC patients. Data are shown as median concentrations and interquartile ranges for all biomarkers 
(n=12, except for CA19-9). P values are from Wilcoxon test. 
	

Biomarker/ 
Time-point Pre-Treatment Post-Treatment P value 

Serum CA19-9 (u/ml) 156 [66, 336] 

n=48 

130 [52, 346] 

n=44 

0.089 

Serum CEA (ng/ml) 2.50 [1.85, 5.10] 

n=43 

2.60 [1.70, 6.10] 

n=23 

0.61 

Plasma s-cMET (pg/ml) 1295 [980, 1424] 1233 [886, 1407] 0.30 

Plasma HGF (pg/ml) 1367 [1040, 1602] 1277 [1103, 1608] 0.34 

Plasma PlGF (pg/ml) 20 [16, 22] 19 [17, 23] 0.62 

Plasma sVEGFR1 (pg/ml) 112 [86, 234] 92 [75, 129] 0.064 

Plasma IL-1β  (pg/ml) 0.61 [0.45, 0.77] 0.62 [0.45, 0.83] 0.97 

Plasma IL-6 (pg/ml) 2.5 [1.4, 4.5] 2.4 [1.8, 4.7] 0.27 

Plasma IL-8 (pg/ml) 7.9 [6.6, 10.0] 8.0 [5.1, 10.7] 0.57 

Plasma TNF-α  (pg/ml) 7.7 [6.1, 11.7] 7.3 [6.2, 10.5] 0.57 

CD34+CD133+CD45+ CPCs 
(% of CD34+CD45+ 
mononuclear cells) 

24.0 [12.3,34.8] 17.5 [8.7,23.3] 0.34 

    
	

	 	



Supplementary Table S4: Significant correlations (shown in bold text) between pre-treatment 
and post-treatment circulating biomarkers with overall survival (OS) and progression-free 
survival (PFS) after neoadjuvant treatment and surgery in PDAC patients. Data are shown as 
hazard ratios with 95% confidence intervals. 
	

Biomarker/  
Time-point 

Pre-treatment Post-treatment 

OS PFS OS PFS 

Plasma HGF 
5.56 

[1.26,24.64] 
n=12  

2.57 
[0.73,9.11] 

n=12  

10.12 
[0.74,138.3] 

n=12 

2.53 
[1.03,6.21] 

n=12 

P value 0.0057 0.13 0.0002 0.015 

Plasma TNF-α  
3.72 

[0.84,16.46] 
n=12  

3.87 
[0.92,16.26] 

n=12  

1.86 
[0.95,3.65] 

n=12 

3.28 
[1.11,9.64] 

n=12 

P value 0.071 0.054 0.048 0.0074 

Serum CEA 
1.43 

[1.08,1.90] 
n=43  

1.34 
[1.02,1.76] 

n=43  

2.02 
[1.36,3.01] 

n=12 

2.12 
[1.37,3.29] 

n=23 

P value 0.021 0.034 0.0001 0.0002 

Serum CA19-9 
1.21 

[1.04,1.41] 
n=45 

1.13 
[0.97,1.31] 

n=45 

1.20 
[1.06,1.38] 

n=42  

1.20 
[1.04,1.38] 

n=42 

P value 0.014 0.12 0.0057 0.014 

*P values are from Wald test in a univariable Cox regression using log-transformed covariates for 
plasma HGF and plasma TNF-α, and rank-transformation for serum CEA and CA19-9. Hazard ratios 
correspond, to doubling of biomarker concentration (for HGF and TNF-α) and for increase by 10 
percentiles (for CEA and CA 19-9). 	 	
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Supplementary Figure S1: Representative immunohistochemistry in surgical specimen tissues 

from PDAC patients treated with chemoradiation. A, Expression of HGF is detectable both in the 

tumor and in the desmoplastic stroma. B, Expression of cMET receptor in PDAC cells. 
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