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Abstract
Interleukin-33 (IL-33) and its “decoy” receptor soluble ST2 (sST2) are involved in the development of chronic inflammation 
and cancer. We explored IL-33 and sST2 as a potential prognostic marker in patients with metastatic and locally advanced 
pancreatic ductal adenocarcinoma (PDAC). IL-33 and sST2 plasma levels were assessed in 20 patients with advanced PDAC 
before start of systemic chemotherapy and were analyzed in relation to clinical outcome. Kaplan Meier and multivariable 
Cox proportional hazards model analysis revealed a significant association between sST2 plasma levels and survival (HR 
2.10, 95% CI 1.33–3.41, p = 0.002) and link high sST2 plasma levels to inferior survival in patients with advanced PDAC 
undergoing chemotherapy.
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Abbreviations
5-FU  5-fluorouracil
DCR  Disease control rate
ECOG  Eastern Cooperative Oncology Group
HR  Hazard ratio
IL  Interleukin
IQR  Interquartile range
LV  Leucovorin
Nab-paclitaxel  Albumin-bound paclitaxel
Nal-iri  Nanoliposomal irinotecan

ORR  Overall response rate
OS  Overall survival
PDAC  Pancreatic ductal adenocarcinoma
PFS  Progression free survival
sST2  Soluble suppression of tumorigenicity 2
Th  T helper

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a lethal dis-
ease with a devastating 5-year overall survival of only ~ 7%. 
Although just 4% of all malignant diseases is accounted to 
PDAC, it will become the second leading cause of cancer-
related deaths before 2030 [1]. A major cause for the aggres-
siveness and dismal prognosis of this malignant disease is 
the abundance of immune suppressive mechanisms dis-
played by PDAC, which is thought to support tumor growth 
and promote metastasis. The former perception of PDAC 
as a poorly immunogenic tumor has now been replaced by 
the notion of an inflamed tumor that evades the immune 
control by exerting immunosuppressive mechanisms in its 
microenvironment [2]. For this reason, kinetics of blood-
based markers might be used to track the footprint that is 
left by the inflammatory response in patients with PDAC 
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that reflects the current state of the tumor in terms of tumor 
growth and progression.

Interleukin-33 (IL-33) is a pro-inflammatory cytokine 
and it is involved in the development of chronic inflamma-
tion and cancer [3–6]. It is negatively regulated by several 
mechanisms and sequestration by the “decoy” receptor solu-
ble suppression of tumorigenicity 2 (sST2) is likely to be 
crucial in this process [7]. IL-33 is upregulated in PDAC 
and nonmalignant cells in the tumor microenvironment of 
PDAC and lesions from chronic pancreatitis: pancreatic stel-
late cells and pancreatic myofibroblasts have been identified 
as important sources of this cytokine [8–10].

Therefore, we assessed the plasma levels of IL-33 and 
sST2 by blood sampling in patients with PDAC before start 
of their systemic cytotoxic therapy to determine its role as a 
prognostic marker in PDAC.

Methods

Subjects and study design

This is a single center, retrospective, observational study 
including patients with histologically proven non-resecta-
ble PDAC that was either locally advanced or metastastic. 
Patients who started first line systemic cytotoxic chemother-
apy with albumin-bound paclitaxel (nab-paclitaxel) or later 
line chemotherapy with nanoliposomal irinotecan (nal-iri) 
in combination with infusional 5-fluorouracil (5-FU)/leuco-
vorin (LV) in the recruitment period between July 2016 and 
January 2017 were eligible for this study. The study endpoint 
was the clinical outcome as determined by efficacy end-
points such as overall survival (OS), objective response rate 
(ORR), progression free survival (PFS), and disease control 
rate (DCR). OS was calculated from the time of the start of 
the therapy until death from any cause. Survival times of 
patients still alive at the last follow-up visit (in February 
and March 2018) were considered as censored observations. 
PFS was calculated from the start of the therapy to disease 
progression or death from any cause. Again, survival times 
of patients without disease progression at the last follow-up 
visit were interpreted as censored observations. ORR was 
determined by the proportion of patients with an objective 
response and DCR was determined by the proportion of 
patients that had an objective response or a stable disease. 
Computer tomography as efficacy assessment according to 
RECIST 1.1 was performed at baseline and at week 12. The 
study was approved by the ethical committee of the Medical 
University of Vienna (EK 274/2011) and complies with the 
Declaration of Helsinki. All patients had to provide written 
informed consent before participating in this study.

Blood sampling

Blood sampling was performed into EDTA-containing 
tubes at day one of the first administration of the systemic 
chemotherapy regimen. Samples were processed within 4 
h after collection by centrifugation at 1500 × g for 10 min. 
Plasma samples were then aliquoted and stored at − 80 °C 
until further use. Carbohydrate Antigen 19-9 (CA 19-9) 
concentrations was measured using Electro-chemilumines-
cence immunoassay (ECLIA) on cobas e analyzer (Roche 
Diagnostics, Mannheim, Germany).

IL‑33 and sST2 measurement

Circulating levels of IL-33 were measured using the 
Human IL-33 DuoSet® ELISA (R&D Systems, Minneapo-
lis, MN, USA) according to manufacturer’s instructions 
(sensitivity 1.65 pg/ml), while circulating levels of sST2 
were measured using the Human ST2/IL-1 R4 Duoset® 
ELISA (R&D Systems, Minneapolis, MN, USA) according 
to manufacturer’s instructions (sensitivity 12.5 pg/ml) as 
described previously [11–14].

Statistical analysis

Continuous data are given as median and interquartile 
range (IQR). Categorical variables are summarized as 
counts and percentages. The median follow-up time was 
calculated using the inverse Kaplan–Meier method [15]. 
Survival curves were estimated by the Kaplan–Meier 
method and compared using the Log-rank test. Univari-
ate and multivariable Cox proportional hazards regression 
models were used to evaluate the unadjusted and treatment 
adjusted effects of IL-33 and sST2 plasma levels on overall 
survival. Due to their skew distributions, log2-transformed 
values were considered for statistical analyses. Therefore, 
estimated hazard ratios (HR) refer to a twofold change 
in the respective explanatory variable. To further explore 
the nature of the potential prognostic effect of IL-33 on 
overall survival, additional univariate and multivariable 
Cox regression models were performed, considering IL-33 
as a binary factor (above versus below the detectable limit 
of 0.001 pg/ml) alone and combined with an additional 
continuous factor (including the log2-transformed IL-33 
value for patients with IL-33 above the detection limit, 
and the value zero for patients with IL-33 below the detec-
tion limit). To reduce bias in estimates resulting from the 
small number of patients, the Firth correction was used 
[16]. The correlation of IL-33, sST2, and CA19-9 values 
is described by the Pearson correlation coefficient, and the 
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partial Pearson correlation coefficient, respectively. The 
SAS software version 9.4 (SAS Institute Inc., 2016, Cary, 
NC, USA) was used for statistical analyses. P values < 0.05 
were considered as statistically significant.

Results

Baseline characteristics of patients

Ten male (50%) and ten female (50%) patients with 
advanced PDAC participated in this study (Table 1). The 
median age at time of diagnosis with advanced disease was 
62 years (IQR 58–70 years). Fourteen patients (70%) had an 
Eastern Cooperative Oncology Group (ECOG) performance 
status of 0 and six patients (30%) had an ECOG performance 
status of 1. In fourteen patients (70%), the CA19-9 levels 

were above 40 U/ml and in four patients (20%), the levels 
were below 40 U/ml. In two patients (10%), baseline CA19-9 
levels were not available. Three patients (15%) had locally 
advanced (stage III) and 17 patients (85%) had metastatic 
(stage IV) disease. Liver (n = 10, 50%) was the predominant 
metastatic site followed by peritoneum (n = 5, 25%) and lung 
(n = 3, 15%). Three patients (15%) presented with additional 
distant lymph node metastasis. 13 patients (65%) had one 
and four patients (20%) had two different organs affected 
from metastatic spread. Half of the patients (n = 10, 50%) 
were therapy naïve and underwent first line systemic chemo-
therapy with gemcitabine and nab-paclitaxel, whereas the 
other half of the patients received nal-iri in combination with 
infusional 5-FU/LV and have previously progressed under 
a gemcitabine-based chemotherapy. Six patients (30%) had 
one previous treatment line and four patients (20%) already 
had two or more lines.

Clinical outcome

Among ten patients assigned to first line treatment gem-
citabine/nab-paclitaxel, two patients (20%) had an objec-
tive response, three patients (30%) a stable disease, and five 
patients (50%) were progressing under systemic chemother-
apy. The disease control rate (DCR) and overall response 
rate (ORR) in these patients were 50% and 20%. Median 
progression free survival (mPFS) was 6.5 months (95% CI 
1.2—not estimable) and median overall survival (mOS) 
was 15.8 months (95% CI 1.2—not estimable). From the 
ten patients undergoing treatment with nal-iri/5-FU/LV, one 
patient (10%) had an objective response, four patients (40%) 
had a stable disease, and five patients (50%) were progress-
ing. The DCR and ORR in these patients were 50% and 10%. 
MPFS and mOS was 3.1 months (95% CI 2.1–6.0) and 6.3 
months (95% CI 2.8–10.2), respectively. Results are shown 
in Table 2.

Levels of IL‑33 or sST2 and survival

Median plasma levels of IL-33 and sST2 for the entire cohort 
of patients were 6.8 pg/ml (IQR 0.0–33.6) and 13,064 pg/
ml (IQR 6916–22,262), respectively. Median follow-up time 
was 18.2 months. Kaplan Meier analysis and Cox propor-
tional hazards model revealed a significant association of 
IL-33 and sST2 plasma levels with OS.

Patients with plasma levels of IL-33 that were less than 
or equal to the median had a mOS of 4.3 months (95% CI 
1.2–8.6), whereas patients with IL-33 plasma levels higher 
than the median had a mOS of 15.3 months (95% CI 6.1—
not estimable, p = 0.01) (Fig. 1a). To adjust for a possible 
effect of first line versus later line chemotherapy, a Cox pro-
portional hazards model was used. High IL-33 plasma lev-
els were significantly associated with a superior survival in 

Table 1  Baseline characteristics

N = 20 (%)

Sex
 Men 10 (50)
 Women 10 (50)

Age at time of diagnosis (years, range) 62 (58–70)
ECOG performance status
 0 14 (70)
 1 6 (30)

Amount of CA19-9 at time of first blood sample
 ≥ 40 U/ml 14 (70)
 < 40 U/ml 4 (20)
 n/a 2 (10)

Disease stage
 Metastatic (stage IV) 17 (85)
 Locally advanced (stage III) 3 (15)

Site of metastatic lesions
 Liver 10 (50)
 Peritoneal 5 (25)
 Lung 3 (15)
 Other 3 (15)

Number of metastatic sites
 0 3 (15)
 1 13 (65)
 2 4 (20)

Previous lines of systemic therapy
 0 10 (50)
 1 6 (30)
 2 3 (15)
 > 2 1 (5)

Administered chemotherapy
 nab-paclitaxel/gemcitabine 10 (50)
 nal-iri/5-FU/LV 10 (50)
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the univariate (HR 0.86, 95% CI 0.76–0.96, p = 0.008) and 
multivariable treatment adjusted model (HR 0.82, 95% CI 
0.71–0.93, p = 0.002). Due to IL-33 plasma levels lower than 
the detectable limit in seven patients, we further aimed to 
analyze whether the survival differed in patients with IL-33 
plasma levels lower versus above the detectable limit. Indeed, 
the binary factor (IL-33 plasma levels ≥ 0.001 vs. < 0.001 pg/
ml) showed a statistical significant effect on the survival in 
the univariate (HR 0.19, 95% CI 0.07–0.57; p = 0.004) as well 
as the multivariable treatment adjusted model (HR 0.14, 95% 
CI 0.04–0.46; p = 0.001). However, there was no statistically 
significant difference in survival in patients with IL-33 plasma 
levels over the detectable limit in relation to the continuous 
levels (HR 0.93, 95% CI 0.76–1.18, p = 0.54).

Regarding sST2-plasma levels and survival, there was a 
statistical significant difference in survival for patients with 
plasma levels below or equal to the median with a mOS 
of 15.8 months (95% CI 6.1—not estimable) versus over 
the median with a mOS of 4.3 months (95% CI 1.2–7.1, 
p = 0.003) (Fig. 1b). This survival difference was confirmed 
in the univariate (HR 2.08, 95% CI 1.36–3.30, p = 0.001) 
and multivariable (HR 2.10, 95% CI 1.33–3.41, p = 0.002) 
treatment adjusted Cox proportional hazards model.

Correlation of IL‑33, sST2, and CA19‑9

To investigate a possible correlation of IL-33, sST2 plasma 
levels and the clinically well-established serum tumor 
marker CA19-9, the correlation coefficient was calculated 
by using the Pearson correlation. Plasma levels for IL-33, 
sST2, and serum levels for CA19-9 were correlated to each 
other. There was a moderate negative correlation of IL-33 
and sST2 plasma levels (rho = − 0.449, p = 0.047). Neither 
plasma levels of IL-33 and sST2 correlated with serum lev-
els of CA19-9. Results are shown in Table 3.

Discussion

This is the first study that evaluated circulating IL-33 and 
sST2 as a potential prognostic marker in patients with 
advanced PDAC.

There is increasing evidence that the IL-33/sST2 axis 
plays a crucial role in tumorigenesis and tumor progres-
sion in various malignancies such as colon, head and neck, 
breast, gastric, ovarian, lung, renal and pancreas [10, 17–25]. 
IL-33 has diverse context-dependent functions but originally 
it has been found that it mediates its biological effects via 
IL-1 family receptor transmembrane ST2 (ST2L) and acti-
vates NF-kB and MAP kinases. Its administration leads 
to significant increases in gene expression of prominent 
T helper (Th)2-associated cytokines IL-4, IL-5, and IL-13 
in vivo in mice [26]. In PDAC, there is a strong imbalance 
between  Th1 and  Th2 response toward a  Th2-type response 
and tumor infiltration with  Th2-lymphocytes correlates with 
an increased expression pattern of  Th2-related cytokines 
in the blood of PDAC patients [27, 28]. A predominant 
 Th2-infiltrate in the tumor is an independent predictive 
marker of poor survival in PDAC patients [29]. To date, 
all studies except of one have linked increased serum lev-
els of IL-33 and sST2 in cancer patients to negative prog-
nosis [30–36]. For example, decreased survival has been 
demonstrated in non-small cell lung cancer patients with 
high serum levels of IL-33 and in hepatocellular carcinoma 
patients with high serum levels of sST2 [37, 38]. Our results 
support that high plasma levels of sST2 are also associated 
with inferior survival of PDAC patients undergoing systemic 
chemotherapy.

Regarding our results for IL-33, we found a significant 
negative effect of low IL-33 plasma levels on survival; how-
ever, in 35% of all patients, the measured IL-33 levels where 
below the detectable limit of the assay. Therefore, more cau-
tion to the interpretation of linking IL-33 plasma levels to 
survival has to be paid. If the patients are split up into two 
groups (IL-33 plasma levels < 0.001 vs. ≥ 0.001 pg/ml), we 
observed a statistically significant negative effect on survival 
in the univariate as well as in the multivariable treatment 
adjusted model. However, in the same model, there was no 
statistically significant difference in survival in patients with 
IL-33 plasma levels over the detectable limit in relation to 
the continuous levels (HR 0.93, 95% CI 0.76–1.18, p = 0.54) 
neither in the univariate nor in the multivariable model. 
Therefore, we found no statistical evidence suggesting that 
IL-33 plasma levels over the detectable limit have any effect 

Table 2  Median overall 
survival, median progression-
free survival, and response rates

mPFS median progression-free survival, mOS median overall survival, ORR overall response rate, DCR 
disease control rate, n.e. not estimable, CI confidence interval

Patients treated with gemcit-
abine/nab-paclitaxel (n = 10)

Patients treated with 
nal-iri/5-FU/LV (n = 10)

All patients (n = 20)

mPFS in months (95% CI) 6.5 (1.2–n.e.) 3.1 (2.1–6.7) 6.1 (2.8–7.4)
mOS in months (95% CI) 15.8 (1.2–n.e.) 6.4 (2.8–10.2) 7.8 (4.1–15.8)
ORR (%) 20 10 30
DCR (%) 50 50 50
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on the survival in our patients. It must also be mentioned, 
that currently available IL-33 ELISA assays still lack the 
necessary reliability that would be needed for valid survival 
analysis [39]. In connection to that, we also just found a 
moderate negative correlation of IL-33 and sST2 levels. 
Recent studies have described pancreatic stellate cells and 
pancreatic myofibroblasts as sources of IL-33 production [8, 

9]. As an intracellular cytokine, IL-33 is released after cell 
or tissue damage [40]. When released, IL-33 could enhance 
the expression of chemokines and cytokines in pancreatic 
myofibroblasts and stimulate the proliferation and migration 
of these cells, which further contributes to the pathogenesis 
of pancreatic desmoplasia, a hallmark of PDAC [8, 41, 42]. 
However, some studies also propose a possible protective 
role of the IL33/sST2 axis in melanoma, breast, colorectal, 
prostate and hepatocellular cancer tumor models by stimu-
lating antitumor immunity [43–48]. Therefore, further work 
is required to clarify the role of IL-33 in cancer.

The greatest limitations of our study are the small sam-
ple size, its retrospective character, and the current lack of 
a reliable IL-33 ELISA assay. If IL-33 is to be studied in 
the serum of patients, a more sensitive and specific assay 
method will be required, which is vital for further under-
standing and targeting of the IL-33/IL-1RL1 axis in human 
disease. This issue has been addressed in a recent study com-
paring currently available IL-33 ELISA assays [39]. With 
a larger patient cohort and a more reliable IL-33 assay, we 
would also not only expect to clarify the prognostic rele-
vance of IL-33 plasma levels in PDAC patients but we could 
also divide patients into four different groups according to 
IL-33 and sST2 levels (IL-33low/sST2low, IL-33high/sST2low, 
IL-33low/sST2high, IL-33high/sST2high) to further elucidate the 
role of the relation between IL-33 and sST2 in malignant 
disease. However, it has to be highlighted that our data dem-
onstrates a clear clue for the prognostic potential of sST2 
levels for mortality prediction in our cohort and the statisti-
cal significance of the observed effect is also maintained in 
the treatment adjusted multivariable model.

In conclusion, we here report the first study that meas-
ured circulating IL-33 and sST2 in advanced PDAC patients 
that underwent systemic chemotherapy. Our results suggest 
a negative impact of high sST2 plasma levels on survival.

Acknowledgements We would like to thank MSc Robert Brettner 
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Fig. 1  Survival according to plasma levels of IL-33 and sST2. Kaplan 
Meier survival curves in patients with IL-33 (a) and sST2 (b) plasma 
levels above (solid line) and below or equal to the median (dotted 
line), respectively. Sample size for curves are 20 patients. Median OS 
for IL-33 plasma levels was 4.3 versus 15.3 months (p = 0.01) and for 
sST2 plasma levels 15.8 versus 4.3 months (p = 0.003)

Table 3  Correlation of plasma or serum levels of IL-33, sST2, and 
CA19-9

The table shows the results for the Pearson correlation coefficient, 
which was calculated using the Log2 values of the plasma or serum 
levels
p values are shown in parentheses

IL-33 sST2 CA19-9

Correlation of plasma or serum levels of IL-33, sST2 and CA19-9
 IL-33 − 0.449 (0.047) − 0.238 (0.342)
 sST2 + 0.263 (0.292)
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