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Article 
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Simple Summary: Pancreatic cancer (PC) is notorious for its aggressiveness and the scarcity of 
effective treatment options. Currently, reliable blood tests to monitor real-time response or 
resistance to chemotherapy are lacking; these tests could be particularly beneficial for patients with 
early-stage tumors undergoing preoperative chemotherapy. Our study explored the clinical utility 
of the protein mucin 5AC (MUC5AC) in a small cohort of 23 PC patients receiving chemotherapy 
who subsequently underwent resection. Our findings indicate that MUC5AC levels influenced the 
treatment response observed in the resected samples and the risk of recurrence. Moreover, when 
combined with carbohydrate antigen 19-9 (CA19-9), a blood test commonly used for PC monitoring 
and chemotherapy, MUC5AC levels also impacted the timing of recurrence. This study provides 
the first evidence suggesting the potential benefit of monitoring blood MUC5AC levels in early-
stage tumors, though larger clinical trials are needed to validate these findings. 

Abstract: Background: We explored the potential value of serum MUC5AC (sMUC5AC) as a 
biomarker to guide perioperative management of early-stage pancreatic ductal adenocarcinoma 
(PDA) patients receiving neoadjuvant therapy (NAT). Methods: We performed enzyme-linked 
immunoassays using a human MUC5AC kit (NBP2-76703) in serum samples obtained from The 
Ohio State University biorepository (between January 2010 and June 2021). Univariate (UV) and 
multivariate (MV) Cox regression models were used to quantify progression-free survival (PFS); 
clinical and pathological variables were adjusted in the MV models. UV logistic regression analysis 
was utilized to examine the association of sMUC5AC with pathological features and survival. 
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Results: Overall, 23 samples (19 FOLFIRINOX, 3 gemcitabine/nab-paclitaxel, 1 FOLFOX) were 
available for analysis. The median age was 66 years, and 52% were females. sMUC5AC was 
associated with a) treatment response, margin status, and residual disease (R0 vs. R1/R2) (all P<0.05); 
b) PFS on both UV (hazard ratio (HR) of 1.4, 95% confidence interval (CI) of 1.07 to 1.82, P=0.01) and 
MV (HR of 49.2, 95% CI, 4.4 to 1008.3, P=0.002) analyses; and c) PFS in pre-surgery models along 
with carbohydrate antigen 19-9 (CA19-9) measured on the same day alone (HR of 1.47, 95% CI, 1.06 
to 1.93, p=0.04), with CA19-9 on the same day, and NAT regimen (HR of 1.44, 95% CI, 1.12 to 1.93, 
p=0.01), and with CA19-9 on the same day, NAT regimen, and CA19-9 at diagnosis (HR of 1.52, 95% 
CI, 1.1 to 2.09, p=0.007). Conclusion: sMUC5AC shows promise to helping to predict outcomes in 
our preliminary study. Larger prospective studies should validate these findings. 

Keywords: pancreatic cancer; MUC5AC; biomarker; predicting; pancreatic ductal adenocarcinoma; 
neoadjuvant therapy; treatment response; FOLFIRINOX 

 

1. Introduction 

Pancreatic ductal adenocarcinoma (PDA) is known for its high mortality rate, even when 
diagnosed in nonmetastatic stages [1]. The results of the traditional treatment approach – upfront 
surgery followed by adjuvant therapy (AT) to early-stage tumors (resectable and borderline 
resectable) – has been disappointing with high recurrence and low survival rates [2–11]. Multiple 
institutes now prefer neoadjuvant therapy (NAT) in this population. Recently published trials 
(NORPACT-1, SWOG 1505, ESPAC-5, CONKO-007, A021501, PREOPANC-1/2) could not 
definitively address most of the burning questions, including the optimal treatment regimen, the role 
of radiation, and the duration of perioperative therapy [12–18]. The NORPACT-1 trial showed 
perioperative chemotherapy (NAT FOLFIRINOX and AT of physician’s choice) worsens the overall 
survival (OS) compared to traditional upfront surgery (UpS)/AT (23 vs. 34 months, hazard ratio (HR) 
of 1.46, P=0.158) [12]. Interestingly, OS was worse for the NAT group despite having a good disease 
control rate (DCR, 81%) while on NAT, pathological objective treatment response (OR, 56%), and 
favorable pathological features compared to the UpS group (R0 rate, 56% vs. 39%, P=0.018 and node-
positivity 71% vs. 86%, P<0.001).  

The evidence suggests that patient selection beyond traditional factors that influence the 
decision to offer surgery, such as stage of diagnosis, resectability on imaging, and serum 
carbohydrate antigen 19-9 (sCA19-9) level, is required. The poor sensitivity of sCA19-9 and the 
latency and evolving diagnostic uncertainty surrounding radiographic changes associated with PDA 
make both sCA19-9 and imaging suboptimal biomarkers to predict outcomes [19,20]. Thus, there is a 
need to explore novel, reliable biomarkers that address the above-mentioned aspects of NAT in PDA 
and provide a real-time snapshot of treatment response (TR) and aggressive tumor behavior (risk of 
recurrence and unfavorable pathological features). A noninvasive source for biomarkers, such as 
blood, could guide treating physicians in making necessary adjustments in real-time and developing 
individualized strategies to improve the outcomes in these patients. We could also extend this 
knowledge to manage advanced PDAs.  

Mucin 5AC (MUC5AC) is a large glycoprotein generally produced in the normal lung and 
gastrointestinal tracts, working alongside other mucins to shield these organs from infections, 
inflammation, and various physiological stresses [21–25]. It is believed to play an important role in 
the malignant transformation of pancreatic cells [26–32]. We studied its diagnostic value, 
summarized preclinical evidence suggesting its influence on treatment response, and proved its 
prognostic value in resected PDA post-NAT in prior publications [33–37]. MUC5AC detected in PDA 
tissue can be broadly divided into 2 major categories: mature MUC5AC detected in the apical region 
intracellularly and in the extracellular space, and immature MUC5AC primarily detected in the 
perinuclear region [30]. Our recent work showed that tissue mature MUC5AC expression level and 
site of detection in resected PDA post-NAT impacts progression-free survival (PFS) [33]. Prior studies 
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have shown the diagnostic value of serum MU5AC (sMUC5AC), but its prognostic (survival) and 
predictive (treatment response) value was never clearly defined [38–40].   

We present the clinical significance of serum MUC5AC (sMUC5AC) in PDA management. We 
focused primarily on the value of the sMUC5AC level during NAT before surgery, and after surgery 
in patients who did not receive NAT (UpS). The goal was to develop a blood-based biomarker that 
aids in monitoring treatment response while patients are receiving NAT and assesses the risk of 
recurrence post-surgery.  

2. Materials and Methods 

2.1. Study Design and Population 

This retrospective study was conducted at The Ohio State University Comprehensive Cancer 
Center (OSUCCC), after receiving appropriate Institutional Review Board approvals. The Total 
Cancer Care Program (TCCP), a division of OSUCCC, identified the patients who underwent 
resection for PDA at this institution and provided serum samples from the requested study period, 
January 2010 to June 2021. Any additional clinical or pathologic information was collected by manual 
electronic medical chart review. For this study, we focused on 2 patient populations: (1) the NAT 
group, which included patients with serum samples available for sMUC5AC testing while receiving 
NAT, and (2) the UpS group, consisting of patients with serum samples available for sMUC5AC 
testing before receiving the first dose of AT.  

2.2. ELISA Assay for Human MUC5AC Detection from Human Serum 

Serum MUC5AC samples were analyzed using the Human MUC5AC ELISA Kit (Catalog 
number NBP2-76703, Novus Biologicals, Centennial, CO) following the manufacturer’s instructions. 
In brief, human MUC5AC protein standards in serial dilutions were prepared; 100 µL of the diluted 
standards or samples to MUC5AC antibody pre-coated wells of the assay plate, in triplicate, were 
added and incubated for 90 min at 37 °C. After removing the liquid from each well, 100 µL of 
Biotinylated Detection anti-human MUC5AC detecting antibody were added to each well, followed 
by incubation for 1 hour at 37 °C. The solution was aspirated from each well, and 350 uL of wash 
buffer was added to each well. After soaking for 2 min, the solution was aspirated from each well. 
We repeated this wash step 3 times. Then, 100 µL of HRP Conjugate working solution were added to 
each well and incubated for 30 min at 37 °C, followed by 5 iterations of the wash step. Finally, 90 µL 
of Substrate Reagent were added to each well and incubated for about 30 min at 37 °C, followed by 
adding 50 µL of Stop Solution to each well to stop the reaction. Each well's optical density (OD value) 
was determined at once using a microplate reader set to 450 nm. The average levels of sMUC5AC 
were calculated based on the serial diluted standard concentrations. The sCA19-9 level was taken 
from the chart review. Based on the collection dates of the samples available to us for sMUC5AC 
measurement, we identified the required sCA19-9 levels from the patient charts. The sCA19-9 value 
for undetectable (<15 ng/ml) patients was taken as 0 for analysis.   

While categorizing pathological treatment response for this study, patients with extensive 
tumors with no evident tumor regression or score 3 response were designated as the no-response 
(NR) group. Patients with residual tumors with evidence of regression or score 2 response and near 
complete response or single cells or a small group of cancer cells or score 1 response were considered 
partial-response (PR) and near complete-response (nCR), respectively. The objective response (OR) 
group refers to patients with PR and nCR. PFS was defined as the time between the date of diagnosis 
and recurrence after surgery. The OS was defined as the time between the date of diagnosis and death 
or the last date of follow-up available at the time of data collection (July 2022).  

2.3. Statistical Considerations 

Descriptive statistics were used to summarize patient baseline characteristics. Univariate logistic 
regression models assessed the association between pathological features and sMUC5AC levels. PFS 
and OS analyses were performed through Kaplan-Meier curves and univariate and multivariate Cox 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 September 2024 doi:10.20944/preprints202409.0945.v1

https://doi.org/10.20944/preprints202409.0945.v1


 4 

 

regression models over pathological features. A Bonferroni correction was applied for P-value 
adjustments. All analyses used SAS 9.4 (Cary, NC, USA).  

3. Results 

We studied the role of sMUC5AC during NAT treatment (before surgery) and the immediate 
postoperative period in patients who had UpS (before the first dose of AT) separately. 

3.1. Role of sMUC5AC in Patients Receiving NAT 

We had 23 patients in this group to analyze (median age – 66 years with 52% females). The 
median time for serum collection was 5 weeks (within the first week (4 days) to 21 weeks) after 
therapy. Nineteen had FOLFIRINOX, 3 had gemcitabine and nab-paclitaxel (Gem-NP), and 1 had 
FOLFOX. The mean sMUC5AC level (in ng/mL) was 1.82, with a median of 0.7 (range of 0.4 to 8.3). 
The mean sCA19-9 level (in ng/mL) was 698, with a median of 181 (range of 0 to 5874). Three patients 
had undetectable CA 19-9 (<15) on the day their MUC5AC was measured (2 with FOLFIRINOX and 
1 with Gem-NP). For the FOLFIRINOX subgroup (n=19), the mean sMUC5AC level (in ng/mL) was 
1.74, with a median of 0.7 (0.43 to 8.3). Nine patients did not receive AT. Six patients had 5FU-based 
AT (1- 5FU only, 5 FOLIRINOX) and 8 had Gem-based AT (3 Gem/Cap, 2 Gem/NP, 3 Gem-only). 
Median doses received were 6 for in NAT group (range 4-9) and FOLFIRINOX group (range 2-9). 
Most of the patients (19/23, 83%) had sCA19-9 on the same day as sMUC5AC was measured. Three 
and 1 patients had sCA19-9 from 2 and 4 days after the sMUC5AC sample collection date, 
respectively. We discuss the baseline pathological features of this group in Supplementary Table S1.  

3.1.1. sMUC5AC Level is Associated with Clinicopathological Features in the Resected Sample 

Logistic regression analysis was done to study the association between pathological features in 
the resected sample with sMUC5AC levels (Table 1).  

Table 1. Univariate logistic regression of serum MUC5AC on clinicopathological features. 

Pathological feature In all NAT (N=23) 
P-value* 

FOLFIRNOX (N=19) 
P-value* 

Pathological differentiation, G1-2 vs G3 Not significant  Not significant  
Peripancreatic extension   Not significant  Not significant  

Treatment effect, nCR vs. PR vs. NR  0.01 0.0013 
Treatment effect, OR vs. NR Not significant  0.005 

Lymphovascular invasion  Not significant  Not significant  
Perineural invasion Not significant  Not significant  

Margins-status, positive vs. negative  0.0119 0.03 
Residual disease, R0 vs. R1-R2 0.002 0.007 
Tumor size (≤ 2 cms vs. > 2cm)  Not significant  Not significant  

Node-status (N0 vs. N1-N2) Not significant  Not significant  
Premalignant lesion#, yes vs. no Not significant  Not significant  

Neoadjuvant CRT Not significant  Not significant  
* p-values of > 0.05 are not mentioned, # in resected sample, NAT-neoadjuvant therapy, nCR – near complete 
response, PR-partial response, NR- no response, OR – objective response (nCR + PR), CRT - chemoradiation. 

sMUC5AC was significantly associated with treatment response (nCR (n=2) vs. PR (n=9) vs. NR 
(n=12)), margin status, and residual disease. The mean sMUC5AC level (in ng/mL) was higher in 
patients with PR than nCR and NR (PR > NR > nCR = 2.84 > 1.28 > 0.43 ng/mL, P=0.01) as illustrated 
in Figure 1.This is also true for the FOLFIRINOX subgroup (nCR (n=2) vs. PR (n=7) vs. NR (n=10), PR 
> NR > nCR = 3.2 > 0.93 > 0.43 ng/mL, P=0.001). The mean sCA19-9 levels were expectedly higher in 
NR than nCR and PR (as shown in Supplementary Figure S1), though the differences were not 
significant (NR > PR > nCR, 958 > 258 > 129, P=0.4) in the NAT group (n=23). The same pattern was 
observed in the FOLFIRINOX group (NR > PR > nCR, 1061 > 227 > 129 ng/mL, P=0.3).  
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Figure 1. Comparing serum MUC5AC levels in various pathological response groups. nCR – near 
complete response, PR-partial response, NR- no response. Serum MUC5AC in ng/mL. 

3.1.2. Association of sMUC5AC Level on Outcome 

sMUC5AC significantly impacted PFS on univariate (UVA) (p=0.01) and multivariate (MVA) 
(HR of 49.2, 95% CI—4.4 to 1008.3, P=0.002) analysis (Table 2, Supplementary Tables S2 & S3). 
sMUC5AC did not affect OS on UVA or MVA. sCA19-9 was significant for PFS, but the HR was not 
impressive (1.003017). Multiple factors impacting PFS were included in the multivariate model, 
including the AT received (5FU-based vs. Gem-based vs. none) and extracellular MUC5AC 
composite score (EC-M CS). The latter was used to incorporate 2 major aspects of MUC5AC 
expression in PDA tissues – intracellular mature MUC5AC expression and extracellular MUC5AC 
detection in MVA for PFS and OS – by using the formula MM H-score × EC-M detection (0 for EC-M 
negative and 1 for EC-M positive) [33]. The value will be 0 for extracellular MUC5AC-negative 
tumors and the H-score for the intracellular mature MUC5AC for EC-positive tumors.  

Table 2. Multivariate and univariate analysis for survival. 

 Multivariate analysis Univariate analysis 
Factor tested PFS OS PFS OS 

Serum MUC5AC level 0.0029 0.1371 0.01 0.09 
CA19-9 on the same day* 0.0013 0.2926 0.3 0.1 

Pathological differentiation, G1-2 vs. G3 0.0020 0.2619 0.01 0.01 
Lymph vascular invasion 0.0011 0.0954 0.2 0.9 

Perineural invasion 0.0404 0.0605 0.8 0.8 
Margins 0.0060 0.0171 0.1 0.01 

Residual disease (R0 vs R1/R2) 0.0040 0.0855 0.2 0.4 
Tumor size, ≤ 2cms vs. 2 cms 0.0091 0.1698 0.5 0.8 
Node status (N0 vs. N1-N2) 0.0163 0.9336 0.8 0.7 

Association with premalignant lesions 0.1692 0.3048 0.4 0.9 
Peripancreatic invasion 0.7750 0.7744 0.4 0.5 
NAT CRT, Yes vs. No 0.0076 0.1435 0.8 0.4 

Pathological treatment response 0.0072 0.3427 0.8 0.7 
Adjuvant therapy received       

(5FU-based vs. Gem based vs. none) 
0.0112 0.0192 0.09 0.01 
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Extracellular MUC5AC composite score 0.1058 0.9590 0.3 0.8 
NAT combination received# 0.1458 0.1946 0.1 0.4 

PFA – progression-free survival; OS – overall survival; CA19-9 – Serum carbohydrate antigen 19-9, G-grade, 
NAT-neoadjuvant therapy, CRT – chemoradiation, 5FU – 5-fluorouracil, Gem-gemcitabine; * same day as serum 
MUC5AC; # FOLFIRINOX vs. FOLFOX vs. Gem/nab-paclitaxel. 

3.1.3. Pre-Surgery Model to Predict PFS 

We evaluated various models (Table 3), integrating sMUC5AC with clinical factors accessible to 
the physician administering NAT, including sCA19-9 levels on the day of sMUC5AC measurement, 
sCA19-9 at diagnosis, and the specific NAT combination used. Our objective was to develop models 
to predict recurrence risk before surgery, contrasting with the multivariate model in Table 2, which 
includes critical surgical pathological features (that are available only after surgery). sMUC5AC was 
the only significant factor, with HR ranging between 1.44 and 1.54 in all models in the NAT group. It 
was also significant in the FOLFIRINOX subgroup (HR of 1.41 and 1.48). sMUC5AC was insignificant 
for OS in the analysis (data not shown).  

Table 3. Multivariate models for progression-free survival. 

Factor Prob>ChiSq Level1 Level2 Hazard 
Ratio 

Lower Upper 

Pre-surgery Model-1 for NAT (n=23) 
sMUC5AC  0.0122   1.446621 1.063369 1.93764 

CA19-9 on the same day 0.1039   1.000247 0.999892 1.000518 

NAT received  

0.3767   1.446621 1.063369 1.93764 
0.1630 FOLFOX FOLFIRINOX 7.3548982 0.1630 0.4457831 
0.9611 GEM NP  FOLFIRINOX 0.9688818 0.9611 0.2718774 
0.1930 GEM NP  FOLFOX 0.1317329 0.1930 0.006226 

Pre-surgery Model-2 for NAT (n=23) 
sMUC5AC 0.0040   1.476825 1.120562 1.938447 

CA19-9 on the same 
day* 0.0885   1.000254 0.999908 1.00052 

Pre-surgery Model-3 for NAT (n=23) 
sMUC5AC 0.0077   1.520411 1.103173 2.091129 

CA19-9 on the same 
day* 

0.8292   1.000046 0.99955 1.000435 

CA19-9 at diagnosis  0.0998   1.000209 0.999901 1.000452 

NAT received 

0.3792      
0.1658 FOLFOX FOLFIRINOX 7.299006 0.4388868 121.38777 
0.8624 GEM NP  FOLFIRINOX 1.1210998 0.3076474 4.0854067 
0.2307 GEM NP  FOLFOX 0.1535962 0.0071775 3.2868913 

Pre-surgery Model-4 for NAT (n=23) 
sMUC5AC 0.0027   1.543962 1.157315 2.077201 

CA19-9 on the same 
day* 

0.7725   1.00006 0.99958 1.000439 

CA19-9 at diagnosis  0.1000   1.0002 0.999906 1.00043 
Pre-surgery Model-1 for FOLFIRINOX (n=19) 

sMUC5AC 0.0192   1.413824 1.037685 1.898663 
CA19-9 on the same 

day* 
0.1588   1.000212 0.999856 1.000479 

Pre-surgery Model-2 for FOLFIRINOX (n=19) 
sMUC5AC 0.0125   1.487112 1.076844 2.059867 

CA19-9 on the same 
day* 0.9629   1.00001 0.999487 1.000414 

CA19-9 at diagnosis  0.1288   1.0002 0.999878 1.000454 
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NAT-neoadjuvant therapy, sMUC5AC -Serum MUC5AC level, CA19-9 – Serum carbohydrate antigen 19-9; * 
same day as serum MUC5AC; GEM NP – gemcitabine and nab-paclitaxel combination. 

3.1.4. High vs. Low MUC5AC Groups 

We further explored the impact of MUC5AC by dividing the NAT based on the means in their 
respective groups as thresholds (Table 4). The lower sMUC5AC group (n=16) had significantly larger 
(> 2 cm) tumors, R0, and margin-negative disease and better PFS than the higher sMUC5AC group 
(n=7). A trend toward significance was observed in the differences between both groups for OS 
(P=0.08), EC-M CS, and the fraction of patients with nCR vs. PR vs. NR (p=0.09). A similar trend was 
observed in the FOLFIRINOX sub-group (n=19, the mean sMUC5AC (in ng/mL) was 1.74, with a 
median of 0.7 (range of 0.43 to 8.3)).  

Table 4. Comparing low and high MUC5AC groups. 

Factors tested  NAT-group (p-value)* FOLFIRINOX (p-value)* 
Threshold MUC5AC in ng/mL (N)  ≤ 1.82 (n=16) vs. >1.82 (n=7) ≤ 1.74 (N=14) vs. > 1.74 (n=5) 

CA19-9 mean (ng/mL)  831 vs. 361 817 vs. 358  

nCR vs. PR vs. NR (%) 
12.5/25/62.5 vs. 0/71/29 

(0.09) 
14/21/65 vs. 0/80/20 (0.06) 

OR (%) 38 vs. 71 (0.1) 36 vs. 80 (0.08) 
Mature MUC5AC expression (H-score) 118 vs. 180 (0.1) 131 vs. 162 

Immature MUC5AC expression (H-
score) 119 vs. 163 (0.1) 133 vs. 150 

EC-mature MUC5AC-detection % 50 vs. 86 (0.1) 50 vs. 80 
EC-M CS 85 vs. 176 (0.08) 96 vs. 156 

Pathological differentiation# 69% vs. 71% 70 vs. 67  
Tumor size, ≤ 2 cm vs. > 2 cm,  

% of patients with > 2 cm  88 vs. 43 (0.02) 86 vs. 40 (0.04) 

Residual disease, R0 vs R1/R2, R1/R2% 38 vs. 100 (0.005) 36 vs. 100 (0.01) 
Margin-positive % 30 vs. 86 (0.03) 36 vs. 80 (0.08)  
Node positive %  82 vs. 57  79 vs. 40 (0.1) 

Perineural invasion-positive %  94 vs. 71  93 vs. 60 (0.08)  
Peripancreatic extension  56 vs. 57 65 vs. 60 

Lymph vascular invasion- positive %  63 vs. 49  57 vs. 20 (0.1) 
Progression-free survival (in months)  8 vs. 4 (0.04) 8 vs. 4 (p=0.07) 

Overall survival (in months) 22 vs. 8 (0.08)  17 vs. 8 
*if the p-value is >0.1, it is not reported; MUC5AC -Serum MUC5AC level, CA19-9 – Serum carbohydrate antigen 
19-9; #G1-2 vs. G3; nCR-near complete response; PR-partial response; NR- no response; OR – objective response; 
EC-M CS – extracellular MUC5AC composite score. 

3.2. sMUC5AC as a Predictor for Recurrence Post-surgery 

We evaluated 19 patients with serum samples available post-surgery (UpS-group) and before 
the first dose of AT (8 Gem-only, 4 Gem-NP, 4 Gem/Cap, 1 5FU, 1 chemoratiation (CRT), and 1 
FOLFIRINOX). The median age of this group was 66 years (range 47 to 84) with 42% (8/19) males and 
a majority Caucasian (18/19, 95% and 1/19, 5% African-American) population. Most (17/19) had 
sCA19-9 from the same day of sMUC5AC level. One had sCA19-9 1 day before and another had it 1 
day after the sMUC5AC collection date. We discussed other baseline pathological features in 
Supplementary Table S1.  

The serum was collected between the week of surgery and 16 weeks (median of 2 weeks). None 
of the patients had NAT. The mean sMUC5AC level was 1.1 (median 0.87, range of 0.42 to 3.3). The 
mean sCA19-9 level was 492 (median 0, range of 0 to 3292). sMUC5AC had a trend toward 
significance for OS (P=0.06) for UVA but not for PFS. sMUC5AC was insignificant in the MVA model 
with factors tested in presurgery analysis (as in Table 2) for PFS and OS (Supplementary Table S4). 
The blood-based MVA models evaluating sMUC5AC and sCA19-9 on the same day (as MUC5AC), 
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sCA19-9 at diagnosis, and AT had interesting results (Table 5). sMUC5AC had an HR ranging from 
2-3 for PFS, indicating its value irrespective of the pathological features noted in the resected sample. 
sCA19-9 was undetectable or normal in 12/19 patients and unreliable in most of the models tested 
(not all models are shown here), further strengthening our argument to combine it with sMUC5AC 
for designing accurate models.  

Table 5. Post-surgery models for predicting survival. 

Term P-value HR Lower 95% Upper 95% 
Post-surgery model for PFS – 1 

Serum MUC5AC level 0.0277 3.088526 1.137139 9.489153 
CA19-9 on the same day 0.0236 1.000781 1.000114 1.00153 
Postoperative therapy 0.09 3.088526   

Post-surgery model for OS – 1 
Serum MUC5AC level 0.0354 2.088487 0.974643 4.058677 

CA19-9 on the same day 0.6035 0.999879 0.999356 1.000302 
CA19-9 at diagnosis  0.0363 1.000531 0.999937 1.001009 

Post-surgery model for OS – 2 
Serum MUC5AC level 0.06 1.859388 0.881738 3.476052 

CA19-9 on the same day 0.9 1.000004 0.999497 1.000404 
Post-surgery model for OS – 3 

Serum MUC5AC level 0.0288 3.340325 1.224686 12.52107 
CA19-9 on the same day 0.4142 0.999796 0.999234 1.000254 
Postoperative therapy 0.5903    

PFS- progression-free survival, OS- overall survival. 

We evaluated the ability of sMUC5AC to predict recurrence (Table 6). If we take the median for 
sMUC5AC as the cut-off for an abnormal value, the sensitivity and specificity to predict recurrence 
during the study period (3/19) were 50% and 67%, respectively. If we take mean sMUC5AC as the 
cutoff, sensitivity was low (25%), but specificity was 100%. For abnormal sCA19-9 (> 37 U/mL), the 
sensitivity and specificity were 56% and 100%, respectively; however, when we combined both, the 
sensitivity increased to 82% and the specificity dropped to 66%. The median PFS was 14.5 months, 
and the early recurrent groups (<14.5 m) had higher sMUC5AC (mean 0.8 vs. 1.5, P=0.02). Thus, post-
surgery sMUC5AC testing could help predict recurrence with or without sCA19-9.  

Table 6. Predicting recurrence using MUC5AC and CA19-9 post-surgery. 

 Mean* 
sMUC5AC 

Median# 
sMUC5AC 

Abnormal 
sCA19-9^ 

Mean 
sMUC5AC + 

sCA19-9 

Median 
sMUC5AC+ 

sCA19-9 
Sensitivity (%) 25 50 44 63 82 
Specificity (%) 100 67 100 100 67 

PPV (%) 100 89 100 100 93 
NPV (%) 20 20 25 33 40 

Accuracy (%) 37 53 53 68 79 
PPV – positive predictive value, NPV – negative predictive value, sCA19-9 – serum carbohydrate antigen 19-9, 
sMUC5AC – serum MUC5AC, * Mean of 1.15ng/mL as cut-off, # median of 0.87 ng/mL as cut-off; ^ CA19-9 > 37 
U/mL. 

4. Discussion 

The clinical significance of tissue MUC5AC in PDA is not clear, and the value of sMUC5AC has 
not been explored. In a recently published paper, we showed mature MUC5AC detected in 
extracellular space and intracellular expression influence the outcome in patients undergoing surgery 
post-NAT [33]. In this small study, we provided preliminary evidence suggesting the potential of 
sMUC5AC, alone or in combination with sCA19-9, to be a useful biomarker in monitoring treatment 
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resistance and the risk of recurrence in resected PDA patients with or without NAT. The small sample 
size of this study could not give us definitive (P<0.05) answers, but we can infer that the lower 
sMUC5AC group had a lower tumor cell turnover (hence, higher nCR or NR), supported by larger 
size and high sCA19-9, but had better survival because other vital pathological factors (residual 
disease and margin status) were significantly favorable. This could be linked to tissue MUC5AC 
expression noted in the resected specimens in this group (lower EC-M CS and EC-M detection rates). 
Two patients with nCR and 2/12 with NR had the lowest sMUC5AC (0.43 ng/mL). Alternatively, the 
tumor cell turnover is high in the other group, but these specimens had unfavorable pathological 
features, possibly due to higher tissue MUC5AC expression. It is important to note that sCA19-9, an 
indicator of tumor burden, was higher in the lower sMUC5AC group (P>0.05) than the high 
sMUC5AC group due to larger tumors (3 had undetectable sCA19-9 - taken as 0 ng/mL) but had 
better PFS. We hypothesize that sMUC5AC is a biomarker for pancreatic tumor cell turnover and 
aggressive behavior, and sCA19-9 is a biomarker for tumor burden at any time while on systemic 
therapy. Monitoring both could help predict treatment response and recurrence in PDA patients on 
NAT.  

Our hypothesis explains lower sMUC5AC in NR and nCR than PR groups. Logic suggests that 
patients with nCR will have PR first. If the tumor responds to therapy but a considerable portion of 
the viable tumor is left (PR), sMUC5AC rises secondary to the destruction of more tumor cells and 
the release of MUC5AC into the bloodstream, and the sCA19-9 drops secondary to reducing the size 
of a viable tumor. If the tumor continues to respond and only a small amount of tumor is left (i.e., 
nCR), the sMUC5AC level drops and sCA19-9 continues to drop or stay undetectable (Figure 1 & 
Supplementary Figure S1). sMUC5AC will be low if measured after nCR. When the tumor develops 
resistance, the cancer cells stop dying, and the tumor burden increases; hence, there is less MUC5AC 
in the blood and high sCA19-9. In patients who do not produce sCA19-9, sMUC5AC rises with 
response and plateaus or is stable with no response. We are handicapped by having only 1 serum 
sample in this study to confirm this, but combining sCA19-9 and MUC5AC levels will make more 
sense. Alternatively, in patients with NR, PDA cells do not die, less MUC5AC is detected in the blood, 
and they tend to produce higher amounts of sCA19-9 (Figure 2 & Supplementary Figure S2).  

 
Figure 2. Serum MUC5AC and CA19-9 levels in patients on chemotherapy – hypothesis. MUC5AC – 
mucin 5 AC, CA19-9 – Carbohydrate antigen 19-9 
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If patient is responding to treatment – dropping serum CA19-9 and rising serum MUC5AC 
indicating partial response, and later dropping-to-stable serum MUC5AC and dropping serum 
CA19-9 when there is near complete response. When tumor starts developing resistance, rising CA19-
9 along with dropping serum MUC5AC. If patient has innate resistance to the treatment – rising 
serum CA19-9 along with low serum MUC5AC 

In terms of differentiating nCR and NR, we summarized the relationship between sCA19-9 and 
sMUC5AC, and the pathological TR we noted in the resected sample (Supplementary Table S5). 
Rising sCA19-9 with low-to-stable sMUC5AC could indicate NR (CA19-9, NR vs. nCR, 1060 vs. 129, 
P=0.2). Low-to-stable sMUC5AC with dropping sCA19-9 could indicate nCR. However, if sCA19-9 
and sMUC5AC rise, it could indicate disease progression. Serial monitoring of sMUC5AC and 
sCA19-9 could help predict pathological TR and other high-risk features, thereby guiding the NAT 
strategy. For instance, if a patient starts with rising sMUC5AC and dropping sCA19-9, continuing 
NAT until sMUC5AC stabilizes or drops could lead to nCR and favorable pathological features in 
the resected sample. Alternatively, rising sCA19-9 and stable/dropping sMUC5AC within 2-3 weeks 
of NAT could indicate treatment resistance.  

Retrospective studies involving small sample sizes in both groups must be validated through 
prospective research. Variability in postoperative therapy within the NAT group might have 
impacted the results. Additionally, the timing of sMUC5AC sample collection was inconsistent across 
both groups, occurring either before or after NAT. Accurate sCA19-9 measurements were challenging 
when levels were below 15 ng/mL, as these were recorded as 0 ng/mL. Furthermore, the ELISA 
method is less sensitive than multiplex assays for detecting small changes in sMUC5AC levels. We 
lack serial samples to test or confirm our hypothesis or to guide. Nevertheless, we provide 
preliminary data that could lay the groundwork for future studies. 

5. Conclusions 

Our work suggests the prognostic value of sMUC5AC while receiving NAT. In the UpS group, 
elevated sMUC5AC in the early postoperative period before systemic therapy was associated with 
early recurrence. sMUC5AC and sCA19-9 testing are noninvasive and give real-time snapshots of TR, 
tumor cell activity, and burden, allowing physicians to make necessary adjustments for PDA 
treatments, including changing regimens, considering CRT, or proceeding with resection.  

6. Patents 

MUC5AC in pancreatic adenocarcinoma (PCT/US2024/012771, 24 January 2024)) [patent 
pending]. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
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Multivariate analysis for overall survival; Supplementary Table S4: Multivariate and univariate analysis for 
survival in post-surgery patients; Supplementary Table S5: Relationship between serum CA19-9, MUC5AC, and 
treatment response; Supplementary Figure S1: Relation between serum MUC5AC and CA19-9 with treatment 
response. 
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