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Despite its comparatively low incidence, pancreatic can-
cer (PC) is still the seventh dominant cause of cancer-

related mortality in the world.[1] PC is commonly diagnosed 
in developed countries compared to developing countries.
[2] %90 of diagnosed patients are older than 55 years old, 
especially in their seventies and eighties; also, it is rarely di-
agnosed before the age of 30.[3,4] PC is more frequently seen 
in males than females.[1] Surgery is the sole curative treat-
ment option, although nearly 85% of patients are diag-
nosed at inoperable stages.[5] The standard chemotherapy 

protocols for the advanced staged disease are 5-Fluoroura-
cil, leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX) or 
gemcitabine-based chemotherapy.[6-8] Despite those effec-
tive treatment strategies, the one-year relative survival rate 
is 24%, and the five-year rate is 6%.[9] This poor prognosis of 
PC necessitates useful prognostic and predictive markers 
to optimize treatment strategies. In this context, systemic 
inflammation was one of the top topics studied. Cancer-
related inflammation is suggested to be the seventh hall-
mark of cancer.[10] The interaction between systemic in-
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flammation and immune response plays a crucial role in 
cancer progression and survival.[11] Systemic inflammation 
consists of immune cells, cytokines, and inflammatory pro-
teins, which can be detected in systemic circulation.[12] The 
regular marks of the systemic inflammatory response are 
circulating white cells such as lymphocyte, neutrophil, and 
monocyte counts and acute-phase proteins like C-reactive 
protein. These parameters can be easily measured as stan-
dardized assays in clinical practice. Systemic inflamma-
tory indexes such as the neutrophil/lymphocyte ratio, the 
platelet/lymphocyte ratio, and the Glasgow prognostic 
score have shown their prognostic value in various cancers.
[13-17] According to the results of the studies, elevated neu-
trophil/lymphocyte ratio and C-reactive protein are poor 
prognostic markers independent of the stage of PC.[14,18,19] 
Systemic inflammation seems to affect the patient’s re-
sponse to treatment as well. The study of PC in a mouse 
model exposed that systemic inflammation reduced the ef-
ficacy of gemcitabine treatment.[20] Tumor-associated mac-
rophages also cause gemcitabine resistance in PC cells.[21] 
A retrospective study enrolling 574 patients put forth the 
systemic inflammation response index’s (SIRI) ability to pre-
dict the survival of PC patients that received gemcitabine 
chemotherapy in 3 independent cohorts.[22] In this pres-
ent study, we aimed to evaluate the prognostic value of 
SIRI and predict the survival of patients treated with gem-
citabine-based chemotherapy, gemcitabine-cisplatin dou-
blet regimen, or FOLFIRINOX triplet regimen as a first-line 
treatment for metastatic pancreatic cancer. 

Methods
A retrospective, single-center study consisting of one 
hundred and three patients from December 2015 to De-
cember 2019, was performed. The study was conducted 
in accordance with the ethical principles of the Helsinki 
Declaration (2013). The local ethics committee approved 
the protocol. Patients had pathologically confirmed meta-
static staged pancreatic adenocarcinoma at the time of 
the diagnosis or upstaged during treatments or follow-
ups. Patients with validated immunodeficiency or using 
medication for chronic diseases or having another pri-
mary malignant were excluded from all of the analyses. 
Data on clinical variables, including demographic data, 
complete blood counts, and treatment choices, were 
collected through patients’ files, and missing data were 
obtained from the electronic medical record system. All 
patients had performed at least one of the standard ra-
diologic studies such as computed tomography, magnet-
ic resonance imaging, or positron emission tomography/
computed tomography. Every three months, response as-
sessments were made according to the Response Evalua-

tion Criteria[23] and evaluated as complete response (CR), 
partial response (PR), stable disease (SD), and progressive 
disease (PD). Our primary outcome was progression-free 
survival (PFS); the secondary outcome was overall surviv-
al (OS) and SIRI’s effect on these survival parameters. PFS 
was defined as the time from initiation of treatment to 
progression or death; OS was defined as the interval be-
tween the diagnosis and death or the last follow-up. SIRI 
was defined as peripheral neutrophil × monocyte/lym-
phocyte counts.[22] The cut-off SIRI value for the first-line 
treatment responses was determined with a ROC analysis 
as 1.8×109/L in the present study.

Patients received different chemotherapy regimens as 
gemcitabine-based regimens such as gemcitabine mono-
therapy (gemcitabine 1000 mg/m2 weekly, on days 1, 8, 
and 15 every four weeks), and gemcitabine-cisplatin dou-
blet regimen (gemcitabine 1000 mg/m2 plus cisplatin 25 
mg/m2 on days 1, 8, and 15 every four weeks) or FOLFIRI-
NOX triplet regimen (oxaliplatin, 85 mg/m2; irinotecan, 180 
mg/m2; leucovorin, 400 mg/m2; and fluorouracil, 400 mg/
m2 bolus followed by 2,400 mg/m2 46-hour continuous in-
fusion, once every two weeks). 

Analyses were conducted with Statistical Package for the 
Social Sciences, version 27.0, and a two-tailed p<0.05 was 
thought-out statistically significant. Mean, standard de-
viation, median, minimum, maximum value frequency, 
and percentage were used for descriptive statistics. The 
distribution of variables was checked with a kolmogorov-
simirnov test. Independent Samples t-test was used for the 
comparison of quantitative data. The Chi-Square test was 
used for the comparison of qualitative data. Kaplan-Meier 
was used in the survival analysis.

Results
The clinical characteristics of one hundred and three pa-
tients are listed in Table 1. The median age of patients was 
sixty-one. Forty-five patients (43.7%) were female, and fifty-
eight patients (56.3%) were male. Fifty-one patients (49.5%) 
SIRI value was ≤1.8×109/L fifty-two patients’ (50.5%) was 
>1.8×109/L. Twenty patients (19.4%) with The Eastern Co-
operative Oncology Group performance status (ECOG-PS) 
0 and 83 (80.6%) with ECOG-PS ≥1. Forty-seven patients’ 
(45.6%) primary tumor was located in the head and fifty-
six patients’ (54.4%) were in the body or tail. Seventy-two 
patients (69.9%) were de novo metastatic. Forty-one pa-
tients (39.8%) received gemcitabine monotherapy; thirty 
patients (29.1%) received gemcitabine cisplatin doublet 
regimen; while thirty-two (%31.1) received FOLFIRINOX 
triplet regimen. Fifty-seven patients (55.3%) had one treat-
ment line, thirty-seven patients (35.9%) had two treatment 
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lines, 4 patients (3.9%) had three, and 5 patients (4.9%) had 
four. Sixty patients (56.7%) received one line, while forty-
six patients (43.3%) received two lines or more cytotoxic 
treatments. After first-line treatment thirty-eight patients 
(36.9%) had PD, twenty patients (19.4%) had SD and forty-
five patients (43.7%) experienced PR. At the last follow-up, 
94 patients (91.3%) had confirmed disease progression af-
ter treatment, and 83 of those (80.6%) had passed away.

The cut-off value of SIRI was determined as 1.8×109 accord-

ing to ROC analysis in our study, patients were distributed 
according to their SIRI values. In those two groups, pa-
tients were similar according to their age, gender, ECOG-
PS, tumor localization, de novo metastases ratio, first-line 
chemotherapy choices, number of chemotherapy lines, 
responses to first-line treatment, and progression rates. 
Mortality rates were statistically different between the two 
groups (p=0.011) (Table 2).

There was no significant difference in PFS of the first-line 
treatment between patients who have lower or higher SIRI 
scores (12.5 months vs 15.7 months, p=0.672). According to 
log-rank analyses, median PFS was not statistically different 
according to treatment choices (p=0.928) (Table 3). Median 
OS for patients with SIRI values ≥1.8×109 was 11.9 months 
and 17.3 months for the ones with SIRI values <1.8×109 and 
this was statistically significant (p=0.003) (Fig. 1). Median 
OS does not differ according to treatment choices as well 
(p=0.627) (Table 4).

Discussion
Systemic inflammation is a highly important promoter of 
the proliferation, invasion, and metastasis of tumor cells.
[22,24,25] Higher neutrophil counts have been associated with 
a worse prognosis in different various cancer types. Neu-
trophils in the tumor microenvironment produce pro-an-
giogenic factors that cause stimulation in tumor develop-
ment and progression.[26] Also, lymphocytopenia has been 
connected with weaker anti-cancer defenses, which results 
in a poorer prognosis.[27] Also, higher monocyte counts are 
linked with a worse prognosis in various cancer types.[28–30] 
Besides, the immune system plays a critical role in cancer 
surveillance and elimination.[31]

Previous studies have confirmed that neutrophil-to-lym-
phocyte ratio, platelet-to-lymphocyte ratio, monocyte-to-
lymphocyte ratio, and other inflammatory response mark-
ers can be used to predict tumor prognosis.[16,32,33] In recent 
years, many studies have been conducted on inflammation 
parameters, and cancer prognosis; SIRI is one of these pa-
rameters.[30,34,35]

There are many studies conducted to show SIRI’s prognos-
tic value on different types of cancer. In a study that en-
rolled 455 patients, the results showed that the preopera-
tive SIRI can be used to predict the survival of patients with 
gastric adenocarcinoma after curative resection.[36] Chen et 
al., found that SIRI can predict postoperative survival, and 
especially, a high SIRI is an independent prognostic factor 
for esophagogastric junction patients.[37] Xu et al. evaluat-
ed the ability of the SIRI as a prognostic marker in patients 
with HCC after local treatment. Their results showed that 
SIRI levels were correlated with AFP levels and stage, which 

Table 1. Demographics, tumor, and clinical characteristics of patients

  Min-Max Median  Mean±SD/n-%

Age 34.0-82.0 61.0  60.6±8.7
Gender
 Female   45  43.7
 Male     58  56.3
SIRI 0.08-19.58 1.83  2.95±3.35
 SIRI ≤ 1.8×109/L     51  49.5
 SIRI > 1.8×109/L     52  50.5
ECOG
 0     20  19.4
 ≥1      83  80.6
Tumor localization
 Head   47  45.6
 Body or Tail    56  54.4
De novo metastasic
 (-)     31   30.1
 (+)     72   69.9
First-line chemotherapy Regimen
 Gemcitabine     41   39.8
 Gemcitabine+Nab-paclitaxel     30   29.1
 FOLFIRINOX     32   31.1
Number of chemotherapy lines
 I     57   55.3
 II     37   35.9
 III     4   3.9
 IV     5   4.9
Response to treatment
 PD    38   36.9
 SD     20   19.4
 PR     45   43.7
Progression
 (-)     9   8.7
 (+)     94   91.3
Mortality
 (-)     20   19.4
 (+)     83   80.6

ECOG: Eastern Cooperative Oncology Group; SIRI: systemic inflammation 
response index; Nab-paclitaxel: 130-nanometer albumin-bound paclitaxel; 
FOLFIRINOX: 5-Fluorouracil, leucovorin, irinotecan, and oxaliplatin; PD: 
progressive disease; SD: stable disease; PR: partial response. 
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also predict prognosis.[38] Hua et al. studied preoperative 
SIRI levels to predict survival in postmenopausal breast 
cancer patients and defined SIRI as a reliable predictor of 
survival for that patients.[39]

A study conducted in a mouse model with PC showed 
that systemic inflammation weakens the response to gem-
citabine treatment.[20] Also, tumor-associated macrophages 
exposed gemcitabine resistance in PC cells.[21] A retrospec-
tive study enrolling 574 patients put forth SIRI’s capabil-
ity to predict the survival of PC patients that received 
gemcitabine-based chemotherapy.[22] Kamposioras et al. 
enrolled twenty-six locally advanced or metastatic PC pa-

tients who were treated with the FOLFIRINOX regimen in 
the study. Even if their study is small-scaled, they showed 
SIRI’s prognostic value for the patients treated with FOLF-
OXIRI as a first-line treatment.[40]

In our study, we constructed a SIRI based on peripher-
al neutrophil, monocyte, and lymphocyte counts. The 
cut-off SIRI value used in our study was 1.8×109 L. Our 
results display that, the patients with SIRI scores equal 
to or higher than 1.8×109 L would have worse overall 
survival after first-line chemotherapy compared with 
those with SIRI scores lower than 1.8×109 L in both pa-
tients who received gemcitabine-based chemotherapy 

Table 2. Quantitative and qualitative data analyses

   SIRI ≤ 1.8    SIRI > 1.8  p
   Mean±sd/n-%    Mean±sd/n-% 

Age  60.24±9.07    60.98±8.41  0.660t

Gender
 Female 27   52.9  18   34.6 0.061X²

 Male 24   47.1  34   65.4 
ECOG-PS
 0 11   21.6 9   17.3 0.585X²

 1 40   78.4 43   82.7
Tumor localization
 Head 24   47.1 23  44.2 0.773X²

 Body or Tail 27   52.9 29   55.8
Metastasis
 (-) 15   29.4 16  30.8 0.881X²

 (+) 36   70.6 36   69.2
First-line chemotherapy
 Gemcitabine 19   37.3 22   42.3 0.846X²

 Gemcitabine+Nab-paclitaxel 15   29.4 15   28.8
 FOLFIRINOX 17   33.3 15   28.8
Number of chemotherapy lines
 I 24   47.1 33   63.5 0.059X²

 II 19   37.3 18   34.6
 III 3   5.9 1   1.9
 IV 5   9.8 0   0.0
Response to the first-line treatment
 PD 20   39.2 18   34.6 0.371X²

 SD 12   23.5 8   15.4
 PR 19   37.3 26   50.0
Progression
 (-) 3   5.9 6   11.5 0.309X²

 (+) 48   94.1 46   88.5
Mortality
 (-) 15   29.4 5   9.6 0.011X²

 (+) 36   70.6 47   90.4

tt test / X² Chi-square test; ECOG-PS, Eastern Cooperative Oncology Group Performance Score; SIRI, systemic inflammation response index; Nab-paclitaxel, 
130-nanometer albumin-bound paclitaxel; FOLFIRINOX, 5-Fluorouracil, leucovorin, irinotecan, and oxaliplatin; PD, progressive disease; SD, stable disease; PR, 
partial response.
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and FOLFIRINOX. We couldn’t show its value in the PFS 
results. As a result, our study showed that SIRI could be 
used as a prognostic factor for PC and its significance is 
independent of the chemotherapy choice. There are also 
limitations in our study, especially in the design, which 
contained retrospective data collection. Secondly, again 
because of its retrospective nature, the treatment regi-
mens in our study were not uniform. Furthermore, the 
small patient sample size might have generated biases 
in the analysis. A better-designed, prospective study 
with larger sample size is therefore needed to validate 
the relationship identified in the study between SIRI and 
PC prognosis.

Conclusion

Despite the widely recognized limitations, our data sug-
gest that the SIRI seems to be an accessible, and cost-ef-
fective method for predicting the survival of patients with 
advanced PC after first-line chemotherapy independent of 
their treatment choices. Also, it seems to be valuable as a 
strong prognostic determinant.

Table 3. Progression-free survival according to SIRI levels and chemotherapy choices

    Progression-Free   p 
    Survival (Month)

  Mean % 95 CI  Median % 95 CI

SIRI ≤ 1.8×109/L 15.7 10.9-20.4  9.1 6.4-11.8 0.672
SIRI > 1.8×109/L 12.5 9.9-15.0   9.4 7.6-11.2
First-line chemotherapy regimen
 Gemcitabine 15.1 9.7-20.4   8.2 5.4-11.0 0.928
 Gemcitabine+ Nab-paclitaxel 12.1 9.4-14.8   9.6 5.3-13.9
 FOLFIRINOX 15.2 10.0-20.4  9.4 5.9-12.9

Kaplan-Meier (Log-Rank); SIRI, systemic inflammation response index; Nab-paclitaxel, 130-nanometer albumin-bound paclitaxel; FOLFIRINOX, 5-Fluorouracil, 
leucovorin, irinotecan, and oxaliplatin.

Table 4. Overall survival according to SIRI levels and chemotherapy choices

    Survival Time   p 
    (Month)

    Mean % 95 CI  Median % 95 CI

SIRI ≤ 1.8×109/L 32.7 23.7-41.8  17.3 11.0-23.7 0.003
SIRI > 1.8×109/L 15.7 12.7-18.7  11.9 10.0-13.8
First-line chemotherapy regimen
 Gemcitabine 23.1 15.0-31.1  13.7 9.7-17.6 0.627
 Gemcitabine+Nab-paclitaxel 24.0 16.8-31.2  19.4 12.3-26.5
 FOLFIRINOX 24.5 15.2-33.7  15.3 9.4-21.2

Kaplan-Meier (Log-Rank); SIRI, systemic inflammation response index; Nab-paclitaxel, 130-nanometer albumin-bound paclitaxel; FOLFIRINOX, 5-Fluorouracil, 
leucovorin, irinotecan, and oxaliplatin.

Figure 1. Overall survival of metastatic pancreatic cancer patients 
according to their systemic inflammation response index (SIRI) levels.
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