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Summary

Epigenetic regulation is emerging as a critical mechanism for pancreatic ductal adenocarcinoma 

(PDA) development. Histone methylation is an important regulatory mechanism, altering 

chromatin structure and promoter accessibility and causing aberrant gene expression. NSD1 and 

SETD2 genes encoding two histone H3K36 methyltransferases, are mutated or altered in 8–10% 

of PDA cases. However, whether there is altered protein expression of NSD1 or SETD2 in PDA 

and its precursors, and whether they have diagnostic or prognostic utility is unknown.

Tissue microarrays composed of a total of 190 and 192 duplicated cases of PDA (n=74 and 75), 

metastatic PDA (n=17 and 18), pancreatic intraepithelial neoplasia (PanIN; n=19 and 24), 

intraductal papillary mucinous neoplasm (IPMN; n=36), mucinous cystic neoplasm (MCN; n=12) 

and benign pancreatic tissues (n=27 and 32) were analysed for expression of NSD1 and SETD2 by 

immunohistochemistry. We assessed intensity and percentage of positive cells. NSD1 expression 

was significantly increased in metastatic PDA compared to benign ducts, primary PDA, and all 

other lesions combined (p=0.03, 0.02, and 0.03 respectively). Additionally, significantly decreased 

SETD2 protein expression was found in metastatic PDA and PanIN lesions compared to benign 

ducts (p=0.04 and 0.007, respectively). High NSD1 expression was associated with clinical stage 

III/IV disease (p=0.026), tumour grade 2 (p=0.022), use of neoadjuvant therapy (p=0.037), and 

overall higher clinical stage (p=0.022). There is no significant difference in overall and 

progression-free survival between NSD1/SETD2 high and low PDA.

Expression of NSD1 and SETD2 is specifically altered in metastatic PDA and some of the PDA 

precursor lesions, supporting their important role in PDA development and metastasis. In addition, 

increased NSD1 expression is significantly associated with higher clinical stage and neoadjuvant 

therapy, suggesting that NSD1 may be a useful prognostic marker.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDA) has an abysmal prognosis with a 5-year survival 

rate of 9%, and is projected to be the second-leading cause of cancer death by 2030.1 Recent 

whole genome and whole exome sequencing studies in PDA have revealed mutations in 

genes encoding epigenetic regulators. Epigenetic regulation refers to processes that change 

gene expression without modification of the underlying DNA sequence through mechanisms 

including DNA methylation, chromatin remodelling, alteration by non-coding RNAs such as 

miRNAs, and histone modifications. 2 Examples of potentially important epigenetic 

alterations in PDA include mutations to the histone demethylase KDM6A, found in over 

10% of cases in one whole-genome sequencing study, and the chromatin remodelling gene 

ARID1A that indicated poor prognosis in a whole-exome sequencing study.2–5

Among the mechanisms of epigenetic regulation, histone methylation and its regulation by 

histone methyltransferases and demethylases has emerged as a particularly interesting 

subject in recent studies.2 Two key histone lysine methyltransferases are NSD1 and SETD2. 

Mutations in NSD1, which functions as a mono- and dimethyltransferase targeting histone 

H3 at K36 (H3K36), have been implicated in the pathogenesis of acute myeloid leukaemia, 

HPV-negative head and neck squamous cell carcinoma, lung squamous cell carcinoma, 

urothelial carcinoma and colorectal carcinoma, and have been associated with increased 

sensitivity to cisplatin chemotherapy in head and neck squamous cell carcinoma cell lines.
6–11 In addition, mutations or altered expression of SETD2, a trimethylase at H3K36, may 

have a major role in the pathogenesis of some leukaemias and lymphomas as well as solid 

organ cancers including malignant mesothelioma and thymic carcinoma. Its inactivation or 

loss of expression has been linked to poor prognosis in chronic lymphocytic leukaemia and 

gastric and lung adenocarcinoma.12–20 In addition, SETD2 inactivation has been linked with 

resistance to chemotherapy in some leukaemias.21 Furthermore, alterations in both NSD1 

and SETD2 have been recognised as potentially important in pathogenesis of clear cell renal 

cell carcinoma and gliomas.22–25

In pancreatic cancer, decreased histone methylation has been shown to be a poor prognostic 

factor, and one study of commonly mutated genes and loci in pancreatic cancer showed that 

all tumours had at least one mutation to an epigenetic regulator of histone modification.5 

NSD1 is mutated or altered in 8.3% of PDA cases and SETD2 is altered or mutated in 

10.7% of PDA cases according to The Cancer Genome Atlas (TCGA) PanCancer Atlas data 

(Fig. 1).26,27 However, the protein expressions of NSD1 or SETD2 in PDA and its precursor 

lesions and whether they have prognostic or diagnostic relevance are not known. Hence, in 

this study we aim to determine whether there is altered protein expression of NSD1 or 

SETD2 in PDA and its precursor lesions, as well as whether protein expression of either 

enzyme has diagnostic or prognostic utility.
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MATERIALS AND METHODS

Case selection and clinicopathological variables

The Institutional Review Board at the University of Michigan approved the study (protocol 

number: HUM00098128). Patients with pancreas resections for pancreatitis, cystic 

neoplasms, or PDA from 2002 to 2015 at the University of Michigan Health System were 

included in the study. All pathology slides were reviewed and diagnosis confirmed by a 

gastrointestinal pathologist (JS). The electronic medical record was examined for clinical 

and demographic patient information. Date of surgery and date of last patient contact were 

recorded from the electronic medical record. Deaths were confirmed from the Social 

Security Death Index. Clinical staging was analysed using the American Joint Committee on 

Cancer 8th edition staging system.28 For patients who received neoadjuvant treatment, 

clinical stage was analysed based on pre-treatment tumour size, while pathological 

parameters of tumour size, grade, lymph node status, and peripancreatic, duodenal and 

common bile duct extension were analysed based on the post-treatment surgical specimen.

Tissue microarrays

All haemotoxylin and eosin (H&E) slides were reviewed and diagnoses confirmed by a 

gastrointestinal pathologist (JS) and corresponding areas were carefully selected and 

marked. Duplicated 1 mm diameter adjacent tissue cores from the same lesion in a total of 

311 patient tissue samples were selectively punched/extracted and transferred to recipient 

tissue array blocks. Five tissue microarrays (TMAs) were set up according to a standard 

protocol as previously described.29 H&E staining was performed on each TMA block using 

standard protocol, and unstained slides were prepared for immunohistochemical (IHC) 

staining.

Immunohistochemical analysis and scoring

IHC staining of the TMAs was completed using the standard protocol and the following 

antibody titrations: SETD2 (KMT3A; Ab69836; 1:50; Abcam, UK) and NSD1 (ABE1009; 

1:200; Millipore Sigma, USA). Overall a total of 190 and 192 (SETD2 and NSD1, 

respectively) duplicated tissue cores were present, including primary PDA (n=74 and 75), 

PDA metastases (n=17 and 18), pancreatic intraepithelial neoplasia (PanIN; n=19 and 24), 

intraductal papillary mucinous neoplasm (IPMN; n=36), mucinous cystic neoplasm (MCN; 

n=12) and benign pancreatic ducts (n=32 and 27). The intensity of the staining was recorded 

as: 0, negative; 1, weak; 2, moderate; 3, strong. A moderate to strong nuclear staining 

pattern is expected in normal cells which can serve as internal positive controls. A minor 

cytoplasmic component is also expected for SETD2. The percentage of positive cells was 

also assessed by a semiquantitative estimate of all lesional or benign ductal epithelial cells in 

each tissue core. The final IHC staining score was calculated as the staining intensity 

multiplied by the percentage of positive cells. The cases were divided into NSD1 high versus 

low and SETD2 high versus low groups with the median as the cut-off since there was no 

previous study to the best of our knowledge. Scoring was completed by a gastrointestinal 

pathologist (ME) blinded to clinicopathological data and patient outcomes, with 

confirmation of the scoring by a second gastrointestinal pathologist (JS) on a subset of cases.
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Statistical analysis

ANOVA models were used to compare expression of SETD2 or NSD1 in PDA and its 

precursor lesions.

To evaluate correlation of clinicopathological characteristics with NSD1 or SETD2 

expression in patients with PDA, ANOVA models were used for categorical 

clinicopathological variables and simple linear regression models were used for continuous 

clinicopathological variables. Kaplan–Meier methods were used to estimate overall survival 

and progression-free survival and log-rank tests were used to compare the survival functions 

between NSD1 or SETD2 groups (both NSD1 and SETD2 were dichotomised into low and 

high score groups using corresponding medians). Significance was determined if p<0.05. All 

analyses were conducted using SAS (version 9.4, SAS Institute, USA).

RESULTS

Expression of NSD1 and SETD2 in benign and neoplastic pancreatic epithelium

H&E and IHC of NSD1 and SETD2 were performed on five TMAs containing benign 

pancreas, PDA (both primary lesions and metastases, which were analysed separately) and 

its precursor lesions (IPMN/MCN and PanINs) using standard protocol. Representative 

examples of benign pancreas and PDA are shown in Fig. 2. All cases except three PDA cases 

showed at least some nuclear staining of NSD1 (expression score range 0–270). 

Interestingly, NSD1 expression in the metastatic PDA (118.3) was significantly higher than 

all other lesions combined (88.9), primary PDA (87.2), or benign ducts (84.1) (p=0.03, 0.02, 

and 0.03, respectively, Table 1). However, the overall difference, which refers to whether 

there is a difference between any pairs of groups, was not statistically significant (p=0.227). 

This is not surprising since there is no significant difference in NSD1 expression between 

most other groups. Cystic neoplasms (IPMN/MCN, 95.4) and PanIN (86.7) had a mean 

NSD1 expression score comparable to primary PDA (87.2) (Table 1).

While all cases showed at least some nuclear SETD2 expression (expression score range 40–

300), analysis of SETD2 expression showed significantly decreased SETD2 protein 

expression in metastatic PDA (144.7) and PanIN (134.2) lesions compared to benign ducts 

(176.6) (p=0.04 and 0.007 respectively, Table 2). There was also a trend toward decreased 

SETD2 protein expression in cystic neoplasms (157.1) and primary PDA (157.8) compared 

to normal pancreas, but they were not statistically significant (p=0.166 and 0.129 

respectively, Table 2). The decrease in SETD2 protein overall also did not reach statistical 

significance (p=0.138).

Clinicopathological and demographic data of PDA cases

Demographic and clinicopathological data were recorded for patients with PDA in order to 

correlate these data with NSD1 and SETD2 expression levels. Parameters for the 67 patients 

with PDA are summarised in Table 3. The median age was 64 years (age range 39–83 years), 

and 34 of 67 (50.7%) patients were females. Of the 67 patients whose cases were included in 

the analysis, 64 had sufficient PDA tissue for the analysis of NSD1 expression, while 65 had 

sufficient PDA tissue for the analysis of SETD2 expression. Most PDAs occurred in the 
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head of the pancreas (57/67, 86.4%). Jaundice, weight loss, abdominal pain, and diabetes 

were common presentations. The median body mass index (BMI) was 28.4 (range 15.2–

48.1). Smoking and alcohol use was also common. The median serum CA19-9, total 

bilirubin, and alkaline phosphatase were 156, 4.4, and 305, respectively. The median tumour 

size was 2.5 cm (range 0.5–10 cm). Most of the patients were clinically staged as IIB (34/67, 

50.7%) according to the new 8th edition of the AJCC Cancer Staging Manual, and had 

peripancreatic tumour extension (56/67, 83.6%). PDA was moderately-differentiated (G2) in 

52.4%, poorly-differentiated (G3) in 30.1%, and well-differentiated (G1) in 17.5% of 

patients. Around half of the patients had perineural and angiolymphatic invasion, and 

duodenal involvement. About a third of the patients had lymph node metastases and 

common bile duct tumour involvement. Twelve (17.9%) patients received neoadjuvant 

chemotherapy and/or radiation prior to resection.

Correlation of clinicopathological characteristics with NSD1/SETD2 expression in PDA 
patients

High NSD1 expression was significantly associated with stage III/IV disease compared to 

stage I/IIA disease (p=0.026), tumour grade G2 compared to G3 (p=0.022), and neoadjuvant 

therapy (p=0.037) (Table 4). There was also a statistically significant association between 

overall higher pre-treatment clinical stage and high NSD1 expression (p=0.022). PDA with 

increased NSD1 also tended to have more lymph node metastasis and perineural invasion, 

but these potential associations were also not statistically significant. Increased NSD1 

expression was not significantly associated with other clinicopathological features in our 

analysis. In addition, low SETD2 protein expression was significantly associated with a 

lower alkaline phosphatase value (p=0.026) and higher BMI (p=0.045) (Table 5). Decreased 

SETD2 expression was not significantly associated with other clinicopathological features.

Influence of NSD1/SETD2 expression on survival outcomes in PDA patients

Expression of NSD1/SETD2 was not associated with a difference in progression-free 

survival or overall survival in PDA patients (Fig. 3). The difficulty in reaching statistical 

significance was possibly due to the variability of the protein levels in neoplastic lesions and 

the difficulty of establishing statistical significance in a cohort where only 8–10% of patients 

would be expected to have mutations or significantly altered mRNA expression based on 

prior data.26,27

DISCUSSION

Epigenetic regulation genes, including histone modification genes, are frequently mutated in 

PDA. Of these genes, NSD1 and SETD2 have been found by genome sequencing to be 

frequently mutated in PDA.26,27 However, protein expressions of NSD1/SETD2 in PDA and 

its precursor lesions, including PanIN, IPMN, and MCN, are not known. Furthermore, 

whether expression of NSD1/SETD2 is correlated with clinicopathological characteristics 

and survival outcomes of PDA patients is also not known.

In the present study, we showed a significantly higher protein expression of NSD1 in 

metastatic PDA compared to normal pancreas, primary PDA, or any other tissues in the 
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TMA. This finding is consistent with the mRNA expression and gene mutation data from the 

TCGA PanCancer Atlas where the majority of NSD1 mutations were amplifications and 

NSD1 mRNA level was frequently upregulated (Fig. 1).26,27 Furthermore, NSD1 protein 

was also mildly increased in precursor lesions (PanIN, IPMN, and MCN), suggesting that 

NSD1 may play an important role in PDA tumourigenesis and progression. The lack of 

statistical significance is most likely due to the relatively low sample number, low frequency 

of NSD1 alteration in PDA, and the large range of scores. Compared to PDA, other solid 

organ cancers with frequent NSD1 alteration, including head and neck squamous cell 

carcinomas, clear cell renal cell carcinomas, and gliomas, more often showed inactivation 

and decreased expression of NSD1.6,8,10,22,24 While NSD1 inactivating mutations have been 

associated with a good prognosis in laryngeal squamous cell carcinoma, our study did not 

show prognostic significance for the expression of NSD1 in PDA, again probably related to 

the relatively low sample number and variability of NSD1 protein expression.30 Similarly, 

the TCGA provisional data survival analysis based on mutation and mRNA data also failed 

to show prognostic significance for NSD1 alteration in PDA.26,27

Our results showed that protein expression of SETD2 was significantly decreased in 

metastatic PDA and PanIN lesions compared to normal pancreas. This finding is consistent 

with the results from the TCGA PanCancer Atlas showing a predominance of mRNA 

downregulation and inactivating mutations in PDA patients (Fig. 1).26,27 Interestingly, 

SETD2 expression seems to be the lowest in PanIN lesions, which may suggest the early 

role of SETD2 in PDA development. SETD2 has also shown inactivation and/or decreased 

expression in other malignancies such as clear cell renal cell carcinomas, gastric cancers and 

acute leukaemias.20–22,31 Low expression of SETD2 in gastric cancer and loss of function 

mutations to the gene in lung adenocarcinoma have been associated with poor survival, but 

the TCGA provisional data for pancreatic cancer does not identify a significant effect of 

altered SETD2 on prognosis.19,20,26,27 Similarly, in our IHC analysis of SETD2 protein 

expression, we did not find any prognostic significance for SETD2 protein expression in 

PDA.

The other interesting finding of our study is that increased protein level of NSD1 is 

significantly associated with higher clinical stage and neoadjuvant therapy which, especially 

in our institution, usually suggests borderline resectable or unresectable PDA. There is also a 

trend where patients with higher NSD1 present with more lymph node metastasis and 

perineural invasion. These findings are intriguing because they suggest that NSD1 may be 

used as a prognostic marker where higher expression implicates higher stage and more 

lymph node metastasis. However, the small sample sizes of these subgroups (patients with 

stage III/IV or neoadjuvant treated PDA) hampered the significance of this finding. Larger 

cohort studies are needed to further confirm this observation. The significance of the 

associations between SETD2 and BMI and alkaline phosphatase is not clear and also needs 

more study.

Epigenetic regulators are attractive therapeutic candidates for PDA, including the histone 

methyltransferase EZH2 which is often upregulated in PDA and other cancers. Several 

selective EZH2 inhibitors are now in development.2,32 In addition, recent studies show 

potential therapeutic implications of NSD1 and SETD2 mutations or alterations in other 
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neoplasms. In a study in cell lines of head and neck squamous cell carcinoma, loss of 

function mutations in NSD1 increase sensitivity to cisplatin.7 However, no studies have 

examined the therapeutic implications in malignancies such as PDA where we show a 

potential increase in NSD1 expression. In contrast to NSD1 inactivation, SETD2 inactivation 

has been associated with worsened response to therapy. SETD2 loss decreases the sensitivity 

of leukaemia cell lines to DNA-damaging agents and increases resistance to the DNA-

damaging chemotherapeutic agent cytarabine in a mouse model of MLL-rearranged 

leukaemia.12 Our study suggests that SETD2 expression may likewise be decreased in PDA. 

DNA-damaging therapies such as gemcitabine are a cornerstone to treatment of PDA, so 

further research into the role of SETD2 in the chemotherapy sensitivity of PDA will be 

essential.

Limitations to our study include the relatively small cohort for survival analysis; given that 

only 8–10% of patients would be expected to have NSD1 and SETD2 alterations. In 

addition, the retrospective nature of our study limits the ability to validate NSD1 or SETD2 

as biomarkers. Furthermore, while we felt it was important to include PDA patients with 

neoadjuvant therapy so that our results would be generalisable to this population, it is not 

known if or how neoadjuvant therapy may affect the expression of NSD1 or SETD2. Our 

study is also limited by the use of TMA in our IHC analysis. While TMA eliminates the 

variation of staining between different batches of IHC experiments, the small tissue core size 

may lead to sampling bias and may not be representative of the wider lesional or normal 

tissue. Furthermore, IHC analysis has its own set of limitations such as using different cut-

offs, relatively subjective scoring techniques, and antibody specificity. Finally, because no 

studies have specifically analysed the relation between SETD2 and NSD1 mutation status 

and IHC expression, additional studies delineating this relationship could help inform the 

possible utility of IHC analysis for these potential biomarkers.

Despite these limitations, our study adds to the knowledge of NSD1 and SETD2 as 

frequently mutated epigenetic regulators in PDA, as it is the first to examine changes of 

protein expression in these two markers in PDA and its precursor lesions, and their 

correlation with clinicopathological characteristics and patient outcome. We showed 

potential roles for these markers in prognostic implications, and as therapeutic options are 

tailored to the epigenetic profile of PDA in the future, our study may help to guide treatment 

options as well. Future objectives for investigating the role of NSD1 and SETD2 in PDA and 

its precursors include correlation of mutations with IHC staining, and investigating the 

biological impact of NSD1/SETD2 mutations on tumourigenesis, metastasis, and treatment 

resistance.
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Fig. 1. 
Frequencies of mutations and altered mRNA expressions of NSD1 and SETD2 in pancreatic 

ductal adenocarcinoma (TCGA database, n=149).
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Fig. 2. 
Representative images of immunohistochemical analyses (A–D) and H&E (E–H) of NSD1 

and SETD2 proteins in benign pancreas (A, C, E, G) and pancreatic ductal adenocarcinoma 

(B, D, F, H) tissues.
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Fig. 3. 
Kaplan–Meier progression-free (A, C) and overall (B, D) survival curves comparing 

pancreatic ductal adenocarcinoma patients with high or low NSD1 (A, B), and high or low 

SETD2 (C, D) expression.
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Table 1

Expression of NSD1 in PDA and its precursor lesions

Diagnosis n Expression score,
mean ± SD

p value
(0.227 overall difference)

Normal 27 84.1 ± 43.9 0.03 (vs metastatic PDA)

PanIN 24 86.7 ± 64.2

IPMN/MCN 48 95.4 ± 61.7

PDA (primary tumour) 75 87.2 ± 48.3 0.02 (vs metastatic PDA)

PDA (metastasis) 18 118.3 ± 61.8 0.03 (vs others)

IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous cystic neoplasm; PanIN, pancreatic intraepithelial neoplasia; PDA, pancreatic 
ductal adenocarcinoma; SD, standard deviation; vs, versus.
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Table 2

Expression of SETD2 in PDA and its precursor lesions

Diagnosis n Expression score,
mean ± SD

p value
(0.138 overall difference)

Normal 32 176.6 ± 58.8

PanIN 19 134.2 ± 47.4 0.007 (vs normal)

IPMN/MCN 48 157.1 ± 64.1

PDA (primary tumour) 74 157.8 ± 53.8

PDA (metastasis) 17 144.7 ± 44.3 0.04 (vs normal)

IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous cystic neoplasm; PanIN, pancreatic intraepithelial neoplasia; PDA, pancreatic 
ductal adenocarcinoma; SD, standard deviation; vs, versus.
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Table 3

Demographic and clinicopathological characteristics of patients with PDA (n=67)

Characteristic n (%)

Age, years, median (range) 64 (39–83)

Sex

 Female 34 (50.7)

 Male 33 (49.3)

Tumour site

 Body/tail 9 (13.6)

 Head 57 (86.4)

Jaundice 48 (71.6)

Weight loss 41 (63.1)

Abdominal pain 28 (41.8)

Preoperative diabetes 15 (22.4)

BMI, median (range) 28.4 (15.2–48.1)

Smoking (pack-years), median (range) 10 (0–100)

Alcohol use

 Low/moderate 60 (90.9)

 Heavy 6 (9.1)

Serum CA19-9, median (range) 156 (0–8691)

Total bilirubin, median (range) 4.4 (0.2–29.7)

Alkaline phosphatase, median (range) 305 (48–3629)

Tumour size, cm, median (range) 2.5 (0.5–10)

Clinical stage (AJCC8)

 IA 3 (4.5)

 IB 10 (14.9)

 IIA 1 (1.5)

 IIB 34 (50.7)

 III 19 (28.4)

 IV 0 (0)

Tumour grade

 Well (G1) 11 (17.5)

 Moderate (G2) 33 (52.4)

 Poor (G3) 19 (30.1)

Lymph node metastases present 19 (28.4)

Perineural invasion present 37 (56.1)

Angiolymphatic invasion present 31 (46.3)

Common bile duct extension present 25 (37.3)

Peripancreatic extension present 56 (83.6)

Duodenal extension present 35 (52.2)

Neoadjuvant treatment 12 (17.9)

AJCC8, American Joint Committee on Cancer 8th edition cancer staging manual; BMI, body mass index; CEA, carcinoembryonic antigen; PDA, 
pancreatic ductal adenocarcinoma.
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Table 4

Correlation of clinicopathological characteristics with NSD1 expression in patients with PDA

Characteristic Estimate for increase

NSD1 score 
a

SE p value

Tumour site: head vs body/tail −24.8 18.9 0.194

Jaundice 7.04 14.3 0.624

Weight loss 14.4 13.3 0.284

Abdominal pain −13.8 12.8 0.286

Preoperative diabetes −20.1 16.0 0.215

BMI (kg/m2) −0.44 1.16 0.704

Smoking (pack-years) 0.24 0.31 0.434

Alcohol use: heavy vs low/moderate −16.8 20.8 0.421

Serum CA19-9 −0.0013 0.0044 0.761

Total bilirubin −0.11 0.94 0.905

Alkaline phosphatase −0.0022 0.0124 0.861

Tumour size −7.8 4.4 0.080

Clinical stage (AJCC8)

  Overall difference
0.022 

b

  Stage III/IV vs stage I/IIA 46.0 17.3
0.026 

b

  Stage IIB vs stage I/IIA 15.1 15.8 0.605

  Stage III/IV vs stage IIB 30.9 13.9 0.076

Tumour grade

  Overall difference
0.038 

b

  G1 vs G2 −31.4 17.0 0.070

  G1 vs G3 1.8 18.5 0.924

  G2 vs G3 33.2 14.1
0.022 

b

Lymph node metastases present 20.0 13.9 0.155

Perineural invasion present 9.7 12.7 0.447

Angiolymphatic invasion present −5.9 12.7 0.642

Common bile duct extension present −7.3 13.0 0.573

Peripancreatic extension present −25.5 17.1 0.142

Duodenal extension present 0.9 12.7 0.945

Neoadjuvant treatment 34.6 16.2
0.037 

b

a
Estimate of effect for increase in NSD1 score.

b
p<0.05.

AJCC8, American Joint Committee on Cancer 8th edition cancer staging manual; BMI, body mass index; CEA, carcinoembryonic antigen; PDA, 
pancreatic ductal adenocarcinoma; SE, standard error.
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Table 5

Correlation of clinicopathological characteristics with SETD2 expression in patients with PDA

Characteristic Estimate for
decrease SETD2

score 
a

SE p value

Tumour site: head vs body/tail −31.4 18.7 0.098

Jaundice −15.1 14.6 0.304

Weight loss 2.3 13.6 0.867

Abdominal pain 11.4 13.4 0.397

Preoperative diabetes −3.5 15.6 0.822

BMI (kg/m2) 2.2 1.1
0.045 

b

Smoking (pack-years) 0.17 0.33 0.619

Alcohol use: heavy vs low/moderate −29.2 22.5 0.200

Serum CA19-9 0.0003 0.0046 0.944

Total bilirubin −1.83 0.95 0.058

Alkaline phosphatase −0.030 0.013
0.026 

b

Tumour size 1.1 4.5 0.810

Clinical stage (AJCC8)

  Overall difference 0.637

  Stage III/IV vs stage I/IIA 21.1 22.4 0.350

  Stage IIB vs stage I/IIA 11.2 16.9 0.511

  Stage III/IV vs stage IIB 9.9 18.7 0.599

Tumour grade

  Overall difference 0.600

  G1 vs G2 −12.3 18.7 0.514

  G1 vs G3 −20.8 20.5 0.315

  G2 vs G3 −8.5 15.8 0.592

Lymph node metastases present 2.5 14.7 0.864

Perineural invasion present 13.4 13.4 0.320

Angiolymphatic invasion present −7.5 13.2 0.571

Common bile duct extension present −10.0 13.5 0.459

Peripancreatic extension present 8.9 17.6 0.614

Duodenal extension present −18.1 13.0 0.169

Neoadjuvant treatment 17.5 16.9 0.303

a
Estimate of effect for decrease in SETD2 score.

b
p<0.05.

AJCC8, American Joint Committee on Cancer 8th edition cancer staging manual; BMI, body mass index; CEA, carcinoembryonic antigen; PDA, 
pancreatic ductal adenocarcinoma; SE, standard error.
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