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ABSTRACT:   Introduction: Pancreatic cancer is a devastating disease, being the seventh cause of cancer-related deaths worldwide. Its 
aggressiveness is due to its specific biology and the late diagnosis of cancer. Therefore, the prognosis for patients suffering 
from this cancer is dismal, with 5-year overall survival rate of around 6–10%. Up to date, only a complete surgical resection of 
the cancerous entity warrants a significant improvement in patients’ survival. Nevertheless, the pancreatic cancer’s biology 
is still not fully elucidated, so that the accuracy of prognosis for certain patients is highly uncertain. Consequently, the 
importance of both clinical and basic research aiming to reveal the crucial molecular factors affecting long-term prognosis 
should be highlighted. There is a growing number of evidence that biomarkers of PC not only reflect the presence of tumor 
itself but also present a “hint” regarding its physiology. Thus the aim of this study was to assess the levels of commonly 
measured biomarkers and their influence on patients’ overall survival. 

  Materials and methods: The retrospective analysis of data on 129 patients admitted to our Department due to the diagnosis 
of pancreatic cancer was carried out. On the day of admission all the patients had their levels of CA19-9, CA125, CEA and CA15-3 
measured. The overall survival (OS) was defined as time elapsing from the day of admission to the day of death. The Kaplan-
Meier curves were built for all potential factors, Cox regression model was applied to carry out a multivariate analysis.

  Results: We retrospectively analyzed 129 patients with a mean age of 62 years. As many as 95 of them had an unresectable lesion 
and 34 underwent curative operation. In total, the analyzed patient group was characterized by a median survival of 7 months 
and 12 days. Cumulative 1-year, 2-year and 4-year survival rates were 35%, 16% and 15%, respectively. In univariate analysis, 
factors such as age >= 60, inoperable lesion, CA19-9 >= 200, CA125 >= 20 and Neutrophile to Lymphocyte Ratio (NLR) >= 5 
were associated with a lower median OS. In multivariate analysis, three factors, CA19-9 >= 200, CA125 >= 20 and age >= 60, 
were found to be statistically significant. Indeed, patients possessing all of them noted much poorer outcomes regarding OS 
factors: 89 days versus 235 days for the other patients (log rank test P = 0.02).

  Conclusions: Our study fortifies the evidence that preoperative levels of CA19-9 and CA125 have a direct influence on the long-
term OS. Interestingly, in our patient group, the correlation of biomarkers with OS was higher than that of resectability. However, 
our study has some limitations regarding, for instance, the lack of data on chemotherapy, comorbidities etc. In the view of recent 
molecular studies on mucin involvement in PC development, it provides a strong clinical evidence to prove their importance.
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ABBREVIATIONS

EUS – endoscopic ultrasonography 
HDI – Human Development Index 
NK – natural killer  
NLR – Neutrophile to Lymphocyte Ratio  
OS – overall survival 
PC – pancreatic cancer  
QUALY – quality of life

INTRODUCTION

Pancreatic cancer (PC) remains one of the most aggressive cancers 
worldwide. According to the recent analysis of global data [1], this is 
the seventh cause of cancer-related deaths worldwide with a number 

of  deaths (n = 432.000) almost the same as that of new cases (n 
= 459.000). Interestingly, the lifestyle and environmental factors 
probably play a crucial role in PC development, as its incidence is 
2–3 fold higher in countries with high Human Development Index 
(HDI). Regarding European countries, PC becomes an increasingly 
important healthcare issue, since recent prognosis states that in the 
near future it will take breast cancer’s place as the third cause of 
cancer-related death in the European Union [2]. Despite ongoing 
effort to significantly improve PC treatment results, the progress 
achieved in the last decades is far from satisfactory. Although recently 
published population-based studies show an improvement in patients’ 
5-year survival, the numbers for PC are not particularly high [3–4]. 
The study by Sirri et al. [5] for instance shows a slight increase in 
5-year age-adjusted survival from the period 2002–2004 to 2008–
2010. According to their data, an increase of 2.5% and 3.4% was 
noted in Germany and United States, respectively.  
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• Age,
• Gender, 
• PC location, 
• Resectability of the lesion, 
• Preoperative panel of biomarkers (CA19-9, CA125, CEA, 

CA15-3).  

The information on patients’ postoperative survival was obtained 
from the appropriate department of the Polish Ministry of Internal 
Affairs. The overall survival time was defined as that elapsing from 
the admission date to the date of death. 

Prior to the survival analysis, the preliminary assessment of pre-
treatment levels of biomarkers  was carried out using Spearman’s 
and Pearson’s correlation tests and Mann-Whitney test. The cut-
-off point for “high” and “low” biomarker level was established. 
Kaplan-Meier survival model was applied to build survival curves and 
calculate median survival time for the groups. Survival times of the 
groups were compared with log-rank tests ($), while the proportional 
hazards regression model was used to assess the risk of death. Both 
univariate analysis and multivariate analysis were carried out. The 
statistical analysis was performed using IBM SPSS Statistics for 
Windows, Version 24.0 (IBM Corp. Armonk, NY).

RESULTS

The summary of factors is visualized in Table 1. Our patients’ group 
was dominated by unresectable cases. As for the median overall 
survival, its estimated value was 7 months and 12 days (Fig. 1.). 
The 1-,2- and 4-year cumulative survival rates were 35%, 16% and 15% 
respectively. Patients undergoing curative resection had those values 
estimated at 53%, 26% and 26%, respectively, while the unresectable 
group was characterized by 28% cumulative 1-year survival rate, 13% 
cumulative 2-year survival and 11% cumulative 4-year survival rate. 
Considering that majority of cases were the unresectable ones, the 
OS survival of our group does not vary significantly from the one 
reported by large statistical reports [25]. 

After analysis of the basic parameters we decided to split the group 
into patients that reached the OS above the median and the ones that 

The observed improvement can be a result of several factors, 
namely: (I) advances in the surgical technique, (II) development 
of imaging studies and invasive diagnostics such as endoscopic 
ultrasonography, (III) novel therapeutic regimens in chemotherapy. 

Regarding the first points, there is ample evidence to support the 
statement that the technique and quality of the conducted surgery 
influence significantly the long-term survival. Seemingly the 
resection of the primary tumor should be meticulously performed, 
as in case of PC R0 resection is not easily achievable. Moreover, 
the R0/R1 definition in pancreatic surgery remains controversial. 
Currently conducted studies support the notion that a “1 mm rule” 
should be applied, as it is reported that R0 resection by definition 
“no cancer cells in specimen margin” has no positive impact on 
prognosis [6] and patients with R0 resection defined as “negative 
margin of >=1 mm” had circa 17% higher 5-year survival than those 
with R1 resection [7].  It should be also noted that a pathological 
examination requires exceptional standards, with studies revealing 
high discordance in evaluation of specimen margins between 
a standard examination and a “profiled” approach [8–9]. 

Another  i ssue  in  pancreat ic  surger y  i s  the  extent  of 
lymphadenectomy. In a current statement of the International 
Study Group on Pancreatic Surgery a consensus was reached that 
standard lymphadenectomy and not an extended one should be 
performed [10].  This statement was then confirmed by meta-
analyses and multi-center studies published afterwards [11–13]. 

Though nowadays imaging studies and invasive diagnostic tests 
such as endoscopic ultrasonography (EUS) enable to reveal 
pancreatic cancer in its early stage [14–15], we lack an accessible, 
low-cost, noninvasive test that could potentially be applied as 
a screening test for at-risk population or, ideally, the whole 
population. 

As already discussed, the treatment modalities and the time of 
diagnosis undisputedly influence patients’ survival to the greatest 
extent. However, they do not explain fully the variance that is 
observed in the survival of PC patients. Though morphologically 
PC constitutes of seemingly very similar entities, the research 
into its biology clearly shows that molecular factors can also have 
a potentially significant impact on survival. Studies into 
microRNA, microenvironment etc. yielded very promising results 
[16–20]. 

As for the biomarkers, there is a considerable amount of evidence 
showing that both pre-treatment levels as well as kinetics of 
biomarkers such as CA19-9 and CA125 can serve as a viable survival 
factor [21–24]. 

Taking that evidence together we aimed to assess the pre-treatment 
levels of CA19-9, CA125, CEA and CA15-3 of PC patients to evaluate 
whether they correlate with patients’ long-term survival. 

MATERIALS AND METHODS

We retrospectively analyzed data of 129 patients admitted to our 
Department with a pancreatic lesion in the period from January 
2011 to  October 2013.  In the analysis we took into account the 
following factors:

Tab. I.  Patients characteristics.

FACTOR VALUE/DISTRIBUTION

Mean age (+/- SD) 62 [63] (35-79; +/-9.5)

Gender distribution (M/F) 81 (62.8%) /48 (37.2%)

Overall survival 368 dni [222] (0-1613; +/- 407) 7m 12d

PDAC location RT głowy – 93 (72.1%)

RT trzonu – 15 (11.6%)

RT trzonu + ogona – 7 (5.4%)

PDAC ogona – 14 (10.9%)

Resectability 
(Resectable cases/Unresectable cases)

34 (26.4%)/95 (73.6%)

Neutrophile to Lymphocyte Ratio (NLR) 3.84 [2.73] (0.73-34.85; +/- 3.65)

CA125 40.42 [16] (0-545.23; +/- 71.2)

CEA 12.85 [2.74] (0-383.48; +/- 46.56)

CA15-3 28.45 [20.2] (0-652.7; +/- 59.66) 

CA19-9 799.7 [54.2] (0-27049; +/- 3013.81)
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Having preliminarily established the factors influencing the survival, 
we decided to build Kaplan-Meier curves for the factors. We found 
significant differences in OS for the factors shown in Tab. III. The 
analysis of survival is summarized in Tab. IV. As shown, resectability 
and neutrophil-to-lymphocyte ratio >= 5 (NLR) had a statistically 
significant impact on survival in the univariate models. However, in 
the multivariate Cox regression model, they did not reach statistical 
significance. On the other hand, the increased levels of CA19-9 and 
CA125 as well as advanced aged (i.e. >= 60 years) were associated 
with poorer outcomes in both univariate and multivariate models. 

Interestingly, in the multivariate Cox regression model, only 
biomarker levels (CA19-9 and CA125) as well as age >= 60 proved 
to be statistically significant factors. Patients with all three risk 
factors (n = 15) had a significantly lower median of survival, 
i.e. of 89 days versus 235 days for the other patients (n = 144), 
(log rank test P = 0.02). 

Although the resection status of PC did not prove to be a significant 
factor in the multivariate analysis, the correlation between the 
evaluated resection status and biomarker levels gives a meaningful 
insight into survival. Patients with a resectable lesion but with 
a preoperatively elevated CA19-9 value, tended to have a shorter 
median of survival than those with an unresectable lesion but 
with a low preoperative biomarker value: 158 days vs 180 days 
respectively, P = 0.001. In case of CA125, although this difference 
was in favor of patients with operative lesions and elevated level 
of biomarker, it was not very pronounced: 306 days vs 252 days 
respectively, P = 0.001. Regarding CA19-9 it should be also noted 
that its elevation had a marked impact on patients’ survival 
(413 days vs 158 days, P = 0.001) (Tab. V. and Fig. 2.–4.). 

DISCUSSION 

There is a great amount of on-going research into PC biomarkers 
that could not only serve as an early diagnostic tool but also as 
a predictive tool regarding the disease outcome. One of the oldest 
PC biomarkers is CA19-9. It was discovered over 30 years ago. 
However, up to date it remains a standard diagnostic tool in clinical 
practice, despite its obvious limitations. CA19-9 is a sialic acid, 

did not (Tab. II.). There were no statistically significant differences 
between groups except for preoperative values of CA19-9, 
CA125 and the status of lesion resectability. It should be also 
noted that the mean values of all biomarkers were lower in the 
OS >= Median group; the difference for other biomarkers was not 
statistically significant. 

Fig. 2.  Survival in the group of patients with pancreatic cancer depending on CA19-9 level.

Fig. 3.  Survival in the group of patients with pancreatic cancer depending on CA125 level.

Fig. 1.  Overall survival in the group of patients with pancreatic cancer.

Tab. II.  Patient survival in relation to the tested markers and resectability.

OS >= MEDIAN OS < MEDIAN P 

Age 61 [62] (+/- 10.17) 63.3 [63] (+/- 8.75) 0.203

Gender 
distribution 
(F/M)

25/40 23/41 0.455

PC Location Head PC – 43 Head PC – 50 0.151

Body PC – 10 Body PC – 5

Body+Tail PC– 5 Body+Tail PC – 2

Tail PC – 7 Tail PC – 7

Resectability 42 (64.62%)/23 (35.38%) 53 (82.81%)/11 (17.19%) 0.027

NLR 3.72 [2.64] (+/- 4.4) 4.07 [3.32] (+/- 2.72) 0.132

CA125 32.9 [11.8] (+/- 76.95) 50.92 [24] (+/- 64.1) p < 0.0001

CEA 7.21 [2.4] (+/- 14.65) 19.2 [2.86] (+/- 64) 0.207

CA15-3 20.84 [19.5] (+/- 11.31) 36.76 [21.4] (+/- 83.2) 0.231

CA19-9 626.87 [26.86] (+/- 2353) 982.43 [177.81] (+/- 3565) 0.021
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applied in the potential immunotherapy against ovarian cancer 
preliminary yielding promising results [46, 47]. 

It also seems that MUC16 is an important component of many 
upregulated intracellular pathways that directly influence 

related to the Lewis blood antigen system. It is primarily expressed 
by epithelial cells of pancreas ducts, biliary ducts, stomach cells 
and prostate cells [26, 27]. However, a significant surge of CA19-9 
was also described in a wide spectrum of other conditions such as 
heatstroke, diabetes, idiopathic pulmonary fibrosis, endometriosis, 
thyroiditis and many more, leading to a notable false-positive rate 
[28–32]. As for false negative cases, around 10% of Caucasian 
population is known to possess Lewis antigen genotype (a- b-), 
therefore being unable to produce CA19-9 [26]. 

Of particular importance is the fact, that CA19-9 is not just an 
upregulated carbohydrate during PC development. A significant 
amount of conducted research shows that glycosylation of particular 
proteins with CA19-9 activates intracellular pathways which in turn 
promotes carcinogenesis and inflammation [33–34].

It might be hypothesized that CA19-9 can be applied not only as 
a diagnostic tool, but it can also indicate the disease burden, thus 
enabling the estimation of patients’ prognosis. Indeed, perioperative, 
post-chemotherapy CA19-9 levels as well as the dynamics of its 
change were shown to be associated with patients’ survival [35–37].

Recently, Nishio et. al. observed that the preoperative  CA19-9 
>= 529 U/mL serum level was  an independent prognostic factor 
for the recurrence of pancreatic cancer 1 year after pancreatectomy 
[38].  Humphris et al., investigating the CA19-9 levels of patients 
who underwent surgical resection for pancreatic cancer, found an 
association  between  preoperative levels of CA19-9 > 90 U/mL and 
poor prognosis. Normal  preoperative levels of CA19-9 (serum levels 
< 5 U/mL) were associated with a 5-year survival of 42% [39]. Liu et 
al. reported that preoperative serum levels of CA19-9 >= 1000 U/mL 
alone predicted a poor surgical benefit. Moreover, they found that the 
combination of elevated CEA, CA125, and CA19-9 >= 1000 U/mL 
levels predicted a worse surgical outcome, and  showed no survival 
advantage over the patients with a locally invasive disease who did 
not undergo surgical resection of the pancreatic cancer [21]. 

CA125, on the other hand, is a repeating tandem epitope of 
transmembrane glycoprotein, mucin 16 (MUC16). Since its 
discovery in 1980’s, it remains an important clinical biomarker of 
ovarian cancer [40, 41]. Its upregulation is also associated with the 
development of endometriosis as well as benign ovarian cyst. More 
recent studies, however, show that CA125/MUC16 overexpression 
is also an evident molecular disturbance during the progression 
of gastrointestinal cancers [42, 43]. 

MUC16 role in tumorigenesis can be attributed to three distinct 
mechanisms: (I) immunoprotection of cancer cells (II) promotion 
of metastasis (III) activation of intracellular pathways. 

Upregulated MUC16 serves as a “protective barrier” for cancer cells 
against the  NK-cells. This particular mechanism is yet to be fully 
elucidated. However, one hypothesis assumes that MUC16 can activate 
one of the inhibitory receptors of NK-cells, namely Siglec-9, through its 
α2-3-linked sialic acids [44]. Recently, it was proved that murine ovarian 
cancer cells with knocked out MUC16 were significantly more prone 
to NK-mediated toxicity, reinforcing the above-mentioned theory [45]. 

Regarding metastasis promotion, MUC16 is well known to interact 
with mesothelin, which in turn enables cancer cells’ attachment to 
the mesothelial lining. Moreover, this interaction has been already 

Fig. 4.  Survival in the group of patients with pancreatic cancer depending on the 
presence of risk factors (increased CA125 or CA19-9 levels and age above 60 years).

Tab. III.  Kaplan-Meier survival analysis

MEDIAN OF 
SURVIVAL [DAYS] 

95%CI [DAYS] LOG RANK TEST P

Resectable 390 233–547
0.042

Unresectable 180 114–246

Female 222 160–284
0.77

Male 221 121–301

Age >=60 165 90–254
0.009

Age <60 254 214–294

NLR >= 5 77 0–185
0.046

NLR < 5 241 199–283

CA19–9 >= 200 140 107–173
p < 0.0001

CA19–9 < 200 243 138–348

CA125 >= 20 137 101–173
0.001

CA125 < 20 303 127–479

Tab. IV.  Survival analysis of Cox regression model.

UNIVARIATE MODEL 
[HR;95%CI]

MULTIVARIATE 
MODEL [HR; 95%CI]

P FOR MULTIVARIATE 
MODEL

Resectability 1.59; 1.01–2.49 1.41; 0.89–2.24 0.146

Wiek >= 60 1.7; 1.14–2.55 1.6; 1.05–2.42 0.028

NLR >= 5 1.65; 1.002–2.7 1.45; 0.87–2.42 0.153

CA19-9 >= 200 1.94; 1.3–2.88 1.79; 1.97–2.67 0.005

CA125 >= 20 1.86; 1.27–2.73 1.73; 1.27–2.58 0.006

Tab. V.  Differences in the median OS in relation to biomarker level.

BELOW  
CUT–OFF 
POINT

ABOVE 
CUT–OFF 
POINT 

LOG RANK TEST P 

CA19-9 8 mo. 3 d. 4 mo. 20 d. p < 0.0001

CA125 10 mo. 3 d. 4 m. 17 d. 0.001

CA125 >=20 + CA19–9 >= 200 + 
Age >= 60 y.

7 mo. 25 d. 2 mo. 29 d. 0.02
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tumorigenesis. It was proved that MUC16 interacts with JAK2, 
thus leading to STAT3 phosphorylation and the promotion of cell 
proliferation [48]. Other studies showed that C-terminal part of 
MUC16 interacts with Wnt/β-catenin pathway, which is of paramount 
importance in cell proliferation and migration [49].

Regarding the clinical utility, our previous study as well as work of other 
authors showed that CA125 may be applied as a compliment biomarker 
when differentiating the etiology of a pancreatic mass [50–52]. 

There is also a growing number of evidence that CA125 correlates 
with cancer burden and its upregulated levels predict poor survival. 

Our study confirms the findings of a few studies that previously showed 
the clinical importance of CA125 in terms of PC patients’ survival. Our 
chosen cut-off point for CA125 was significantly lower than normally 
used for a regular screening. It may be therefore hypothesized that 
patients with diagnosed PC should have their biomarker levels closely 
monitored rather than simply rely on reference ranges. Our findings 
are similar to those of Liu et al. [24] who showed that postoperative 
levels of CA125 >= 18.4 U/mL are associated with shorter median 
OS and relapse-free survival. 

According to some authors, CA125 concentration may be more 
valuable as a prognostic factor in case of PDAC patients with 
hyperbilirubinemia. Chen et. al. [53] have shown that  preoperative 
CA 125 level, lymph node status and higher stage were independent 
predictors of overall survival and recurrence-free survival in all patients, 

including those with elevated bilirubin. CA 19-9 was not predictive in 
those with elevated bilirubin, and there was no relationship between 
CA125 and bilirubin levels. In patients with normal bilirubin level, 
CA19-9 was more predictive of OS and RFS than CA125.

CONCLUSIONS

Our study proves the utility of preoperative assessment of both CA125 
and CA19-9 in the prognosis of patients’ OS. Regarding the evidence 
supporting the usefulness of CA125, up to date there is only a limited 
number of clinical studies into this problem, despite many preclinical 
studies on the importance of MUC4 in the progression of PC. 

Although our study shows a strong correlation between preoperative 
biomarker levels and OS it has a few drawbacks. Firstly, we lack data 
about patients’ comorbidities, social history, substance abuse (alcohol, 
nicotine). Secondly, we could not collect data for an appropriate group 
of patients about the adjuvant chemotherapy and its effectiveness. 
Lastly, it would be also advantageous to assess relapse-free survival and 
patients’ quality of life (QUALY) at specific time points postoperatively.  

Nevertheless, our study provides ample evidence to support the 
hypothesis that preoperative levels of CA125 and CA19-9 correlate 
tightly with cancer burden, which in turn makes them very useful 
prognostic factors. Further studies are needed to elucidate underlying 
mechanisms. Similarly, a prospective study on a bigger group should 
be carried out to confirm the findings.
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