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Abstract
Purpose This pilot study aimed on generating insight on alterations in circulating immune cells during the use of FOL-
FIRINOX and gemcitabine/nab-paclitaxel in pancreatic ductal adenocarcinoma (PDAC).
Patients and methods Peripheral blood mononuclear cells were isolated before and 30 days after initiation of chemotherapy 
from 20 patients with advanced PDAC. Regulatory T cells (FoxP3+) and immune checkpoints (PD-1 and TIM-3) were 
analyzed by flow cytometry and immunological changes were correlated with clinical outcome.
Results Heterogeneous changes during chemotherapy were observed in circulating T-cell subpopulations with a pronounced 
effect on PD-1+ CD4+/CD8+ T cells. An increase in FoxP3+ or PD-1+ T cells had no significant effect on survival. An 
increase in TIM3+/CD8+ (but not TIM3+/CD4+) T cells was associated with a significant inferior outcome: median 
progression-free survival in the subgroup with an increase of TIM-3+/CD8+ T cells was 6.0 compared to 14.0 months in 
patients with a decrease/no change (p = 0.026); corresponding median overall survival was 13.0 and 20.0 months (p = 0.011), 
respectively.
Conclusions Chemotherapy with FOLFIRNOX or gemcitabine/nab-paclitaxel induces variable changes in circulating T-cell 
populations that may provide prognostic information in PDAC.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the most 
lethal cancers of the gastrointestinal tract [1]. Combination 
chemotherapies with FOLFIRINOX [5-fluorouracil (5-FU), 
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folic acid, irinotecan, oxaliplatin] or gemcitabine/nab-pacli-
taxel are regarded as standard treatment options for advanced 
disease [2, 3]. Within the last years, checkpoint inhibitors have 
revolutionized anti-cancer treatments in multiple malignan-
cies. In contrast, efforts to develop successful immunothera-
peutic regimens for PDAC have largely failed so far [4]. Pre-
clinical studies suggested that chemotherapeutic drugs such 
as gemcitabine, oxaliplatin and 5-FU can have immunogenic 
effects mediated by the so-called “immunogenic cell death” 
[5–8]. For assessing the immunogenic status in peripheral 
blood multiple markers are available: well-known examples 
are forkhead box P3 (FoxP3), programmed cell death protein 
1 (PD-1) and T-cell immunoglobulin and mucin-domain con-
taining-3 (TIM-3). FoxP3 is essential for the differentiation of 
regulatory T cells (Tregs) and their inhibitory function. Previ-
ous studies have suggested a correlation of advanced PDAC 
stages with an increase in circulating Tregs [9, 10]. PD-1 is 
expressed on activated T cells and may form—together with its 
ligand PD-L1—an interaction that inhibits T cells activity [11, 
12]. TIM-3 is a regarded as a T-cell exhaustion marker (also 
expressed on dendritic cells, macrophages and B cells) and 
an increase of TIM-3 on tumor-infiltrating  CD3+ T cells was 
associated with a worse outcome in different tumor types (e.g. 
stomach or non-small cell lung cancer) [13, 14]. The goal of 
the present pilot study was thus to gain a better understanding 
of alterations in circulating T-cell subsets induced by standard 
chemotherapy regimens.

Materials and methods

We conducted a prospective, single-center study that included 
chemotherapy-naïve patients with cytologically or histologi-
cally confirmed advanced PDAC who received FOLFIRINOX 
or gemcitabine/nab-paclitaxel between 2015 and 2017. Blood 
samples (15 ml heparinized blood, 10 ml serum) were taken at 
day 1 and 30 of 1st-line chemotherapy. Ficoll density gradient 
separation was used to isolate peripheral blood mononuclear 
cells. After short-term storage at − 80 °C, flow cytometry 
was performed [using a LSR Fortessa flow cytometer (BD 
Biosciences)] to measure the expression of FoxP3, PD-1 and 
TIM-3 on CD3/CD4+ and CD3+/CD8+ T cells. To calculate 
the expression and the change in the expression within the first 
30 days, we used the following approach:

Calculation of the expression for the first point in time 
(before chemotherapy) and the second (during chemotherapy):

CD4 or CD8 positive cells

cell count CD3
× 100 = Expression 1 CD4 o. CD8 in percent,

Markerpositive cells

cell count CD4 or CD8
× 100 = Expression 1or 2 of a marker in percent.

Calculation of the change during time:

The clinical outcome was assessed by the endpoints 
progression-free survival (PFS) and overall survival (OS). 
PFS and OS were defined as the time interval from start of 
chemotherapy to documented disease progression or death 
from any cause. Patient follow-up was conducted until 
October 2019. Statistical analyses were performed using 
GraphPad Prism; time-to-event endpoints were analyzed 
by the Kaplan–Meier method, survival differences were 
compared using the log-rank test. This study had approval 
of the local ethics committee (approval number 284-10).

Results

Twenty-eight eligible patients were included in the study. 
For final analysis, patients were excluded if they died or 
were lost to follow-up before the second blood draw, had 
an intolerance towards one of the therapeutic agents or an 
infection (defined by clinical signs, laboratory parameters 
and/or the use of antimicrobial treatment) within the first 
30 days of chemotherapy. Finally, two consecutive blood 
samples were available for 20 patients (FOLFIRINOX: 
n = 17, gemcitabine/nab-paclitaxel: n = 3). Table 1 sum-
marizes the main clinical characteristics of the included 
patients: median age was 61 years and 19 out of 20 patients 
suffered from a ductal adenocarcinoma and 1 patient from 
a mixed adenoneuroendocrine carcinoma of the pancreas.

The analysis of the variability within T-cell subsets 
and the change of expression in Tregs and immune check-
point molecules during chemotherapy found changes in 
the expression of all markers: some patients showed a 
decrease or no change within the first 30 days and some 
patients showed an increase. Interestingly, we were not 
able to identify a specific pattern, e. g. an increase in reg-
ulatory T cells was not accompanied by an increase in 
immune checkpoints. Figure 1 illustrates the changes in 
the expression of T-cell markers during the first 30 days of 
chemotherapy. Specifically, regulatory T cells and PD-1+ 
T cells showed significant changes of up to 30% increase or 
decrease. In a second step, we analyzed whether a change 

Expression point of time 2 − Expression point of time 1

= change in the expression in percent.
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in the expression of a maker correlated with the patient`s 
clinical outcome. Regarding Tregs, PFS of patients with 
an increase in CD4+/FoxP3+ T cells was numerically 
shorter than of those who showed no change or a decrease 
in the expression (2.5 vs. 9.5 months). This difference, 
however, was not statistically significant (p = 0.263) 
(Fig. 2). Median OS in patients with an increase in CD4+/
FoxP3+ T cells was 14.5 vs. 15.5 months in patients with 
no change or a decrease (p = 0.787). There was no correla-
tion found between a change in CD8+ regulatory T cells 
and the outcome of patients (Fig. 2).

Patients with an increase of PD1+/CD4+ or PD-1+/
CD8+ T cells had a short median PFS (3.5  months). 
Patients without an increase in contrast had a median PFS 
of 9.5 months (p = 0.981 for PD1+/CD4+ and p = 0.902 for 
PD-1+/CD8+ ; see Fig. 3). Median OS was also numerically 
inferior in patients with an increase in PD-1 expression on 
CD4+ and CD8+ T cells (for CD4: 10.5 vs. 16.0 months, 
p = 0.725; for CD8: 8.0 vs. 18.0 months, p = 0.625; see 
Fig. 3).

As displayed in Fig. 4, the increase of TIM-3+/CD4+ T 
cells was associated with a numerically shorter PFS (median 
6.5 vs. 11.0 months, p = 0.331) and OS (median 13.5 vs. 
20.0 months, p = 0.240). An increase of TIM-3+/CD8+ T 
cells showed a statistically significant outcome correlation: 
median PFS in the group with an increase of TIM-3+/CD8+ 
T cells was 6.0 months compared to 14.0 months in patients 
with a decrease or no change (p = 0.026); the corresponding 
median OS was 13.0 months and 20.0 months, respectively 
(p = 0.011).

Discussion

Up to now, the effect of standard PDAC chemotherapy 
regimens on the patients’ immunological status (meas-
ured in circulating immune cells) remains widely unclear. 
However, these effects are of major scientific and clini-
cal interest as from these observations novel options may 
arise regarding immunotherapeutic approaches. In addi-
tion, the impact of chemotherapy on the “fitness” of T 
cells and other lymphocyte subpopulations might have 
important implications for the design of chimeric anti-
gen receptor (CAR) T cells trials in PDAC [15]. Differ-
ent preclinical studies suggested that chemotherapeutic 
drugs might promote anti-tumor immune response by 
induction of immunogenic cell death and immune activa-
tion [16]. To date, however, no supporting evidence for 
this hypothesis from prospective translational or clinical 
studies exists. In this pilot study, we found a high vari-
ability in the dynamic expression of markers for Tregs 
and T-cell checkpoint molecules during chemotherapy (see 
Fig. 1). As no specific pattern was obvious, these findings 
do not support the idea of a general immune modulatory 
effect of FOLFIRINOX or gemcitabine/nab-paclitaxel in 
advanced PDAC. Recently, the PA.7 randomized phase 
II study promoted the notion that the synergistic effect of 
immune checkpoint blockade observed in preclinical mod-
els might not be relevant in PDAC patients: in that trial, 
the addition of a dual immune checkpoint inhibition (with 
durvalumab and tremelimumab) to standard gemcitabine/
nab-paclitaxel did not improve outcome [17].

Table 1  Baseline patient characteristics (n = 20)

UICC Union for International Cancer Control, ECOG Eastern Coop-
erative Oncology Group, MANEC mixed adenoneuroendocrine carci-
noma

Parameter

Age
[median, years]

61
(range 46–78)

Sex
 Male 13 (65%)
 Female 7 (35%)

UICC stage
 III 2 (10%)
 IV A 4 (20%)
 IV B 14 (70%)

Progression-free survival [median, months]
 FOLFIRINOX 8.0
 Gem/nab-Pac 6.0
 All patients 8.0

Overall survival [median, months]
 FOLFIRINOX 16.0
 Gem/nab-Pac 14.0
 All patients 14.0

ECOG
 0–1 19 (95%)
 3 1 (5%)

Localization of distant metastases
 Liver 10 (50%)
 Non-liver 3 (15%)
 Liver and further location 1 (5%)

Histology
 Adenocarcinoma 19 (95%)
 MANEC 1 (5%)

Chemotherapy regimen
 FOLFIRINOX 17 (85%)
 Gem/nab-Pac 3 (15%)

Surgical therapy prior to inclusion in study
 Yes 10 (50%)
 No 10 (50%)
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Previous reports on immunological effects of gemcit-
abine-based chemotherapy in PDAC have found changes 
in Tregs in peripheral blood as an indicator for an acti-
vation of the immune system [18]. Lui and co-workers 

demonstrated that a decrease of circulating Tregs in 
patients with PDAC under chemotherapy was associated 
with an improved OS [10]. There is valid evidence that an 
increase in Tregs is associated with immunosuppression 

Fig. 1  Changes in the expression of regulatory T cells, PD-1+ T cells and TIM-3+ T cells divided in CD4+ and CD8+ subgroups. Patients 
marked with * received gemcitabine/nab-paclitaxel, all others FOLFIRINOX
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that may enhance tumor progression and, therefore, Tregs 
may present a predictor for worse outcome [19]. Within 
our pilot study, we, however, did not find clear evidence 
for an impaired prognosis in patients with an increase of 
either CD4+ or CD8+ Tregs during chemotherapy (Fig. 2). 
Regarding the course of PD-1+ T cells during chemother-
apy, only a non-significant trend between T-cell subsets and 
survival outcome was observed, with a poorer prognosis 
in patients with an increase of PD-1+ T cells under chem-
otherapy (Fig. 3). In line with those findings, Shen and 

colleagues recently reported a correlation between higher 
PDAC tumor stages and a high PD-1 expression on CD8+ 
T cells [20]. Also, the analysis of TIM-3 on CD4+ T cells 
showed a non-significant trend towards a worse prognosis 
in case of an increase of TIM-3+/CD4+ T cells. For an 
increase in TIM-3+/CD8+ T cells, a significant correla-
tion with a shorter PFS and OS was found. This finding is 
supported by a recent study that reported an association 
of TIM-3+ T cells in PDAC tumor tissue with a worse 
prognosis [21].

Fig. 2  Progression-free and overall survival in patients with an increase or decrease/no change in FoxP3+ Tregs over the first 30 days of chemo-
therapy



 Clinical and Translational Oncology

1 3

A main limitation for our study arises from the 
rather low patient numbers that might also be a reason 
for the lacking statistical significance in some of the 
analysis on the prognostic impact of changes in circu-
lating immune cells (e.g. PD-1+ T cells). However, in 
contrast to other groups that recently reported similar 
observations (no significant effect of systemic chemo-
therapy for solid tumors on circulating T cells subsets), 

we focused on only one disease entity with all patients 
having an advanced stage of disease and investigated 
changes during chemotherapy with two well-established 
regimens [22]. In that context, the current pilot study 
yielded interesting insights into alterations in circulating 
immune cells during the use of standard PDAC chemo-
therapy and a prospective validation in a larger multi-
center cohort is recommended.

Fig. 3  Progression-free and overall survival in patients with an increase or decrease/no change in PD-1+/CD4+ or PD-1+/CD8+ T cells over 
the first 30 days of chemotherapy



Clinical and Translational Oncology 

1 3

Acknowledgements S. Kobold is supported by the Marie-Sklodowska-
Curie Program Training Network for the Immunotherapy of Cancer 
funded by the H2020 Program of the European Union (Grant 641549), 
the Marie-Sklodowska-Curie Program Training Network for Optimiz-
ing Adoptive T Cell Therapy of Cancer funded by the H2020 Program 
of the European Union (Grant 955575), the Hector foundation, the 
International Doctoral Program i Target: Immunotargeting of Cancer 
funded by the Elite Network of Bavaria; Melanoma Research Alli-
ance Grants 409510; the Else Kröner-Fresenius-Stiftung; the German 
Cancer Aid; the Ernst-Jung-Stiftung; LMU Munich’s Institutional 
Strategy LMUexcellent within the framework of the German Excel-
lence Initiative; the Bundesministerium für Bildung und Forschung 
Project Oncoattract; by the European Research Council Grant 756017, 
ARMOR-T, by the German Research Foundation (DFG), the Fritz-
Bender Foundation and the José-Carreras Foundation.

Author contributions LS, SK, FR, SK and SB designed the study. 
VH, MH, DZ, CBW, SO, JW and MB-B provided patients and clinical 
data. LS, SK, DB, SH, SA, PM, OW, FR, SK performed experiments 

and analyzed the data. All authors participated in the interpretation of 
study results, and in the drafting and approval of the final version of 
the manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study received financial support from the Friedrich-Baur-
Stiftung (Grant number 43/16).

Declarations 

Conflict of interest S. Kobold received research support from TCR2 
Inc. and Arcus Biosciences outside the submitted work. S. Boeck re-
ports personal fees from Celgene, AstraZeneca and Servier (honoraria 
for scientific presentations and paid consultant), as well as research 
support from Celgene outside the submitted work. All other authors 
declare no conflict of interest.

Ethics approval, consent to participate and consent for publication The 
study was conducted in accordance with the principles of the Declara-

Fig. 4  Progression-free and overall survival in patients with an increase or decrease/no change in TIM-3+/CD4+ or TIM-3+/CD8+ T cells over 
the first 30 days of chemotherapy



 Clinical and Translational Oncology

1 3

tion of Helsinki, the International Conference on Harmonisation Good 
Clinical Practice guidelines, and local regulatory requirements. The 
study protocol was reviewed and approved by the Ethics Committees of 
Ludwig-Maximilians-University, Munich, Germany (approval number 
284-10), and written informed consent was obtained from each patient 
before any study specific procedure.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Quante AS, et al. Projections of cancer incidence and cancer-
related deaths in Germany by 2020 and 2030. Cancer Med. 
2016;5(9):2649–56.

 2. Von Hoff DD, et  al. Increased survival in pancreatic can-
cer with nab-paclitaxel plus gemcitabine. N Engl J Med. 
2013;369(18):1691–703.

 3. Conroy T, et al. FOLFIRINOX versus gemcitabine for meta-
static pancreatic cancer. N Engl J Med. 2011;364(19):1817–25.

 4. Bear AS, Vonderheide RH, O’Hara MH. Challenges and oppor-
tunities for pancreatic cancer immunotherapy. Cancer Cell. 
2020;38(6):788–802.

 5. Opzoomer JW, et al. Cytotoxic chemotherapy as an immune 
stimulus: a molecular perspective on turning up the immuno-
logical heat on cancer. Front Immunol. 2019;10:1654.

 6. Liu WM, et al. Pre-treatment with chemotherapy can enhance 
the antigenicity and immunogenicity of tumours by promoting 
adaptive immune responses. Br J Cancer. 2010;102(1):115–23.

 7. Hato SV, et al. Molecular pathways: the immunogenic effects 
of platinum-based chemotherapeutics. Clin Cancer Res. 
2014;20(11):2831–7.

 8. Duffy AG, Greten TF. Immunological off-target effects of 
standard treatments in gastrointestinal cancers. Ann Oncol. 
2014;25(1):24–32.

 9. Josefowicz SZ, Lu LF, Rudensky AY. Regulatory T cells: mech-
anisms of differentiation and function. Annu Rev Immunol. 
2012;30:531–64.

 10. Liu C, et al. Circulating regulatory T cell subsets predict over-
all survival of patients with unresectable pancreatic cancer. Int J 
Oncol. 2017;51(2):686–94.

 11. Bengsch F, et al. CTLA-4/CD80 pathway regulates T cell infil-
tration into pancreatic cancer. Cancer Immunol Immunother. 
2017;66(12):1609–17.

 12. Diana A, et  al. Prognostic value, localization and correla-
tion of PD-1/PD-L1, CD8 and FOXP3 with the desmoplas-
tic stroma in pancreatic ductal adenocarcinoma. Oncotarget. 
2016;7(27):40992–1004.

 13. Wang Y, et al. Association between Tim3 and Gal9 expression 
and gastric cancer prognosis. Oncol Rep. 2018;40(4):2115–26.

 14. Gao X, et al. TIM-3 expression characterizes regulatory T cells 
in tumor tissues and is associated with lung cancer progression. 
PLoS ONE. 2012;7(2):e30676.

 15. Kruger SF, et al. Challenges in clinical trial design for T cell-based 
cancer immunotherapy. Clin Pharmacol Ther. 2020;107(1):47–9.

 16. Burrack AL, et al. Combination PD-1 and PD-L1 blockade pro-
motes durable neoantigen-specific T cell-mediated immunity in 
pancreatic ductal adenocarcinoma. Cell Rep. 2019;28(8):2140-
2155.e6.

 17. Renouf DJ, et  al. The Canadian Cancer Trials Group PA.7 
trial: Results of a randomized phase II study of gemcitabine 
(GEM) and nab-paclitaxel (Nab-P) vs GEM, nab-P, durvalumab 
(D) and tremelimumab (T) as first line therapy in metastatic 
pancreatic ductal adenocarcinoma (mPDAC). Ann Oncol. 
2020;31(4):S1142–215. https:// doi. org/ 10. 1016/ annonc/ annon 
c325.

 18. Homma Y, et  al. Changes in the immune cell population 
and cell proliferation in peripheral blood after gemcitabine-
based chemotherapy for pancreatic cancer. Clin Transl Oncol. 
2014;16(3):330–5.

 19. Yamamoto T, et al. Circulating CD4+CD25+ regulatory T cells 
in patients with pancreatic cancer. Pancreas. 2012;41(3):409–15.

 20. Shen T, et al. Prognostic value of programmed cell death protein 
1 expression on CD8+ T lymphocytes in pancreatic cancer. Sci 
Rep. 2017;7(1):7848.

 21. Peng PJ, Li Y, Sun S. On the significance of Tim-3 expression in 
pancreatic cancer. Saudi J Biol Sci. 2017;24(8):1754–7.

 22. Waidhauser J, et al. Chemotherapy markedly reduces B cells but 
not T cells and NK cells in patients with cancer. Cancer Immunol 
Immunother. 2020;69(1):147–57.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/annonc/annonc325
https://doi.org/10.1016/annonc/annonc325

	Alterations in regulatory T cells and immune checkpoint molecules in pancreatic cancer patients receiving FOLFIRINOX or gemcitabine plus nab-paclitaxel
	Abstract
	Purpose 
	Patients and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements 
	References




