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Myeloid derived suppressor cells are reduced and T regulatory 
cells stabilised in patients with advanced pancreatic cancer 
treated with gemcitabine and intravenous omega 3
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Background: Pancreatic adenocarcinoma (PAC) is a devastating condition, with the majority of patients 
presenting with metastatic or locally advanced disease. In these patients their disease is classified as advanced 
pancreatic cancer (APC), which is incurable and associated with survivals generally of a few months. The 
overall survival (OS) for pancreatic cancer has not changed significantly in the past forty years with multiple 
trials demonstrating disappointing results. Immune modulatory cells particularly myeloid derived suppressor 
cells (MDSCs) and T regulatory cells (Tregs) are important mediators in PAC. Omega 3 fatty acids (ω-3FAs) 
have been shown to have anti-inflammatory properties and there is now evidence demonstrating the benefit 
of ω-3FAs in PAC.
Methods: This was a single-center cohort study investigating intravenous ω-3FAs and gemcitabine 
chemotherapy versus gemcitabine therapy only in patients with APC. Here, we investigated levels of MDSCs 
and Tregs and examined how these changes correlated with survival.
Results: Eighteen trial and nine control patients were recruited. There was a significant benefit in progression-
free survival (PFS) in trial compared to control patients (P=0.0003). Median survival in trial patients was  
5.65 months compared to 1.8 months in control patients. There was no significant benefit in OS in trial compared 
to control patients (P=0.13). Median survival in trial patients was 7 months compared to 2.9 months in control 
patients. MDSCs were significantly decreased in trial patients (P=0.0001) but not control patients. Conversely 
Tregs were significantly increased in control patients (P=0.005) but not in trial patients.
Conclusions: Administration of ω-3FAs with gemcitabine chemotherapy in APC results in a significant 
decrease of MDSCs and stability of Tregs. This may be secondary to the reduction of pro-inflammatory 
mediators. A phase three randomized trial is justified to further examine these effects.
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Introduction

Pancreatic adenocarcinoma (PAC) is a devastating disease, 
with the majority of patients presenting with metastatic or 
locally advanced disease, both termed advanced pancreatic 
cancer (APC). APC is incurable and almost ubiquitously 
associated with survivals measured in months. The 
incidence of the disease approximates to the mortality, with 
between 7,500 and 8,000 new cases and deaths each year 
in the UK, making it the 5th most common cause of cancer 
death (1). For those diagnosed with unresectable cancer the 
life expectancy is approximately 8 months (2,3). APC has 
proved very difficult to treat and there have not been any 
significant treatment developments in the past twenty years.

Inflammation and pancreatic cancer

The link between inflammation and cancer was first 
postulated by Virchow in 1863 (4) and there is a clear 
association of increased inflammation with pancreatic 
cancer. Pancreatic cancer involves dysregulation of both the 
innate and adaptive immune systems by immunosuppression 
in addition to local and systemic dysfunction. There is an 
increase in immune cell activation and infiltrate leading to 
the sequential acquisition of mutations in pro-oncogene 
and tumor suppressor genes leading to pancreatic tumor 
progression (5).

Myeloid derived suppressor cells (MDSCs)

MDSCs are immune regulators and are significantly elevated 
in patients with PAC compared to healthy controls (6).  
MDSCs are increased both in the circulation and the 
microenvironment of PAC (7) and their levels in the 
circulation also correlate with disease progression (8). There 
is evidence that blocking inflammatory mediators and 
signaling pathways regulating inflammation reduces tumor 
incidence, delays tumor growth, and that elevated levels 
of pro-inflammatory mediators and cells increase tumor 
development (9,10). The pro-inflammatory mediators are 
therefore potential therapeutic targets that can suppress the 
inflammatory response and microenvironment present in 
pancreatic cancer.

T regulatory cells (Tregs)

Tregs are phenotypically CD4+, CD25+ and Foxp3+ and 
are potent immune suppressors (11,12). Increased Treg 

levels have been reported in pancreatic cancer (13) and 
are increased in both the tumor microenvironment and 
peripheral blood (14). Treg levels have also been shown 
to be increased in peripheral blood of patients with PAC 
with developing tumor stage (15). An increase in T cell 
infiltrate, specifically Tregs has been shown to correlate 
with significantly reduced survival (16), more advanced 
presentation of disease (15,17), a lower chance of surgical 
resection and a worse survival after resection (18), while a 
low number of Tregs in circulation 1 year post resection 
correlates with improved survival (18).

T cells, Tregs and MDSC crosstalk

MDSCs have been implicated in the recruitment and 
maintenance of Tregs (19). MDSCs are significantly 
elevated in patients with PAC and their levels correlate 
with Treg levels (7). MDSCs suppress T cells through a 
variety of mechanisms including the use of reactive oxygen 
species (ROS), free radical peroxynitrate, depletion of 
L-arginine and down regulation of L-selectin (20-22).  
MDSCs and Tregs are therefore key contributors to 
the immune suppression that occurs in the pancreatic 
microenvironment. Targeting these cells has proven 
difficult but potentially reducing their number may confer 
significant benefit.

Omega 3 fatty acids (ω-3FAs)

Persistent and unregulated inflammation, such as that 
found in cancer, can result in the inappropriate, unregulated 
and excessive production of inflammatory mediators 
to the detriment of the host. ω-3FAs have been shown 
to have anti-inflammatory properties and the principle 
constituents in ω-3FAs are eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA). The incorporation of 
ω-3FAs into the cell membrane alters its composition 
and they play an important role in membrane protein 
function, intracellular fatty acid receptors (23), maintaining 
membrane fluidity (24), influencing lipid raft formation (25) 
and importantly are metabolized to secondary messengers 
and metabolites (26) (Figure 1). Increasing the amount 
of ω-3FAs present in the cell membrane changes the 
downstream eicosanoid production and increases the anti-
inflammatory profile (Figure 1). Oral supplementation has 
some limitations in that there is a maximum dose tolerable 
before side effects such as abdominal cramps and diarrhea 
occur and there is a delay before ω-3FAs are incorporated 



Annals of Translational Medicine, Vol 8, No 5 March 2020 Page 3 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(5):172 | http://dx.doi.org/10.21037/atm.2020.02.02

Cell membrane phospholipids

Arachadonic acid 
(Omega 6 PUFAs)

EPA/DHA 
(Omega 3 PUFAs)

Cyclo-oxygenase 
5-lipoxygenase

Prostaglandin E2 Prostaglandin 
E3

Thromboxane 
A2

Thromboxane 
A3

Leukotrienes 
4-series

Leukotrienes 
5-series

Resolving/
protectins

Growth factors

Increased 
pro

inflammatory 
eicosanoids

Increased 
anti-

inflammatory 
eicosanoids

Figure 1 Eicosanoids derived from ω-3FAs (EPA and DHA) and ω-6FAs (AA). They are metabolized by cyclooxygenase and lipoxygenase. 
The anti-inflammatory eicosanoids produced by ω-3FAs include the 3 series prostaglandins and thromboxanes and the 5 series leukotrienes. 
The pro inflammatory eicosanoids produced by ω-6FAs include the 2 series prostaglandins and thromboxanes and the 4 series leukotrienes. 
Increasing the amount of ω-3FAs improves the ω-3FAs:ω-6FAs ratio and reduces the amount of ω-6FAs, particularly AA, present in the cell 
membrane and therefore the amount available for downstream pro inflammatory eicosanoid production. All these secondary mediators have 
either a general suppressive or enhancing effect on growth factors and cells in the inflammatory microenvironment. ω-3FAs, omega 3 fatty 
acids; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; AA, arachidonic acid; PUFAs, polyunsaturated fatty acids.

into the cell membrane. Intravenous administration allows 
for higher doses to be administered, eliminates the side 
effects from oral administration and allows rapid uptake 
into the cell membrane.

ω-3FAs and pancreatic cancer

There is an abundance of research demonstrating the 
benefit of ω-3FAs in PAC, from cell culture and animal 
models through to human clinical trials. In vitro ω-3FAs 

have been shown to inhibit the growth of human pancreatic 
cancer, augment the effect of gemcitabine, induce apoptosis, 
and inhibit the proliferation and invasion of PAC (27,28). 
Clinical data has demonstrated that ω-3FAs in PAC improves 
functional status and treatment related consequences, 
patients quality of life, result in weight gain and combats 
the profound cachexia seen in PAC (29-31). High dose 
oral preparations are limited by compliance, side effects, 
previous diet, age, sex, variability in individual metabolism 
and bioavailability. Arshad et al. (32) recently demonstrated 
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that patients with APC treated with high dose intravenous 
ω-3 and gemcitabine had improved activity and quality 
of life. Intravenous ω-3 was both safe and well tolerated 
and resulted in a rapid and sustained cellular uptake 
with a reduction in ω-6FA within the cellular membrane 
and an improvement in the ω-3FAs:ω-6FAs ratio (33).  
Targeting these inflammatory pathways and mediators may 
reduce MDSCs, Tregs, and the pro inflammatory mediators 
and indirectly ameliorate the tumor directed inflammatory 
drive seen in PAC.

Methods

Study design

This was a single-center comparative pilot study. 
Twenty-seven patients were recruited. Eighteen patients 
were recruited in a non-randomized manner as part 
of a phase two, single arm, and single-center study of 
gemcitabine plus parenteral ω-3FAs in patients with 
chemotherapy-naïve APC. Patients that were eligible 
for trial treatment were recruited between 21/01/12 and 
06/03/13. Recruitment of control patients took place 
between 04/11/2013 and 14/05/2014. Control patients 
were recruited in a non-randomized manner and received 
standard gemcitabine monotherapy. The local Ethics 
Committee and the Medicines and Healthcare Products 
Regulatory Agency (MHRA) approved both studies. All 
patients had a histological diagnosis of APC. All patients 
were discussed at the local multi-disciplinary team meeting 
and a consultant oncologist assessed them as suitable 
to receive gemcitabine chemotherapy. All patients were 
assessed against trial protocol inclusion/exclusion criteria. 
The trial was registered with clinicaltrials.gov (number: 
NCT01019382).

Treatment protocol

Patients received a standard dose of gemcitabine (1,000 mg/m2)  
administered as a 30-minute infusion once weekly for three 
weeks, followed by a 1-week break from treatment up to 
a maximum of 6 months. Immediately following every 
administration of gemcitabine patients received up to 500 mL 
of a lipid emulsion intravenously (Lipidem, BBraun) containing 
10 g ω-3FAs (0.5–1 g ALA and 4.3–8.6 g EPA/DHA) over four 
hours. All patients received 250 mL of Lipidem. At 125 mL/hr  
of Lipldem/hr. Control patients only received gemcitabine 

treatment. Blood samples were obtained at each treatment 
time point.

Peripheral blood mononuclear cell (PBMC) separation, 
storage and preparation

Blood samples were collected from each patient at each 
treatment point. Nineteen-point six mL of whole blood 
was collected in 4×4.9 mL ethylenediaminetetraacetic acid 
(EDTA) bottles. PBMCs were isolated using standard 
protocols. The samples were processed and stained for each 
cell phenotype using standard protocols.

Sample staining and Flow cytometry analysis

MDSCs were identified with the phenotype HLADR–, 
LIN-1–, CD33+, CD11b+ (6). Tregs were identified as CD4+, 
CD25+ and FOXP3+ (34-36). Samples were analyzed with 
the FACS Aria II flow cytometer (Becton Dickinson, BD 
Biocsiences, San Jose, CA, USA). Each sample was analyzed 
for the unstained cells, each individual antibody and an 
overall combination analysis.

Statistical analysis

Overall survival (OS) and progression-free survival (PFS) 
data was analyzed with Kaplan-Meier curves with the 
log-rank (Mantel-Cox) test used. Clinical outcomes were 
correlated with changes in mediators and survival curves 
analyzed with a log-rank (Mantel-Cox) test. Changes in cells 
over the trial in both trial and control patients and between 
groups were analyzed with logistic regression analysis using 
STATA software. A mixed effects linear regression analysis 
model was utilized that allowed for random variation and 
missed time points. This statistical model was chosen as 
clinical trial data varies in length depending on individual 
treatment, in addition to missing time points as a result of 
various mitigating factors by both patients and investigator 
in a clinical trial.

Results

Clinical results

A total of 27 patients were recruited, eighteen trial and nine 
control patients (Table 1). PFS analysis between trial and 
control patients was performed and Kaplan-Meier plots 
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Table 1 Demographic characteristics of the study participants and the number of treatment time points and completed cycles per group. A 
treatment cycle included three treatment points (each week) and a rest week

Demographics Trial patients (N=18) Control Patients (N=9)

Gender

Male 10 7

Female 8 2

Age

Median age [range] 70 [59–83] 64 [50–75]

>70 years 8 2

<70 years 10 8

Ethnicity

White British 16 8

Asian 2 1

Baseline weight

Median weight in Kilograms (range) 62.1 (48.6–81.0) 69.1 (54.2–86.0)

Stage

Stage 3 7 5

Stage 4 11 4

Total number of treatment time points (median) 146 (6.5) 38 (3.0)

Number of patients completed 1 cycle [%] 14 [78] 5 [56]

Number of patients completed 2 cycles [%] 11 [61] 2 [22]

Number of patients completed 4 cycles [%] 7 [39] 1 [11]

Number of patients completed 6 cycles [%] 4 [22] 1 [11]

drawn. There was a significant increase seen in PFS in 
trial compared to control patients (P=0.0003). There was 
no significant increase in OS in trial compared to control 
patients (P=0.13).

Patient T10

Patient T10 was diagnosed with stage three pancreatic cancer 
and was enrolled in the trial arm of this study. This patient 
initially had a tumor size on computerized tomography 
of 3.2 cm, which reduced to 2 cm at the end of 6 months 
treatment. The patient was reassessed and it was decided 
they had been down-staged and were potentially operable 
with curative intent. The patient underwent a successful 
pancreaticodudenectomy (Whipples procedure) and had a 

PFS of 20 months and an OS of 26.6 months. The patient 
was clearly an outlier and was excluded from subsequent 
survival analysis but included in all other analysis.

MDSCs

Regression analysis demonstrated a significant decrease in the 
percentage of trial patients MDSCs over treatment (P=0.0001, 
Figure 2), however there was no significant change in the 
control patients MDSCs (P=0.901; 95% CI: –0.037 to 0.033). 
MDSCs in the two groups were compared using regression 
analysis. One hundred and thirty-six time points in 27 patients 
were included for analysis. On overall logistic regression 
analysis there was no significant difference between the trial 
and control patients over treatment (P=0.395).
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Tregs

There was no change in the trial patients Tregs (P=0.233; 

95% CI: –0.003 to 0.014), however there was a significant 

increase in the control patients Tregs over treatment 
(P=0.005, Figure 3). Tregs were compared between the 
two groups. One hundred and thirty-six time points in  
27 patients were included for analysis. Overall there was 
no significant difference between the two groups over time 
(P=0.586).

Treg comparison survival analysis

Tregs in both trial and control patients were divided into 
two groups (low and high change groups) around the 
median percentage change in Tregs between baseline and 
end points. OS and PFS of trial and control patients was 
compared in the low and high change groups. Patient T10 
and T14 were excluded from this analysis. Patient T14 was 
excluded from this analysis, as they had no sample following 
a baseline measurement. Trial patients with a low change 
in Tregs had a significant increase in PFS versus control 
patients (P=0.007).

Discussion

This study aimed to assess the effects of administering 
intravenous ω-3FAs in combination with gemcitabine 
chemotherapy on immunological cells in patients with 
APC compared to gemcitabine chemotherapy alone. 
Previous published data demonstrated that intravenous 
administration of ω-3FAs is well tolerated (37), results in 
a rapid uptake into cell membranes and improves patient’s 
quality of life (32,33,38-40) in advanced cancers. This 
study has some apparent criticisms particularly the trial 
and control groups not being numerically matched with 
eighteen in the trial cohort and nine in the control cohort. 
Recruitment stopped at nine control patients as a result of 
the standard chemotherapy regime being changed following 
the introduction of nab-paclitaxel as a chemotherapy 
addition to gemcitabine (41). Recruitment on a 2:1 basis is 
also fairly standard for a well-established control arm. Nab-
paclitaxel was subsequently removed as standard treatment 
in England by the National Institute of Health and Care 
Excellence, who stated that it was not a cost-effective 
treatment for APC in the National Health Service setting. 
This study compared treatment in two cohorts with patients 
recruited in succession as they presented to the department 
and randomization of patients and treatment would have 
reduced selection bias. As a result of the unmatched groups 
the control cohort had a lower median age (64 vs. 70 years) 
and a significantly lower total number of treatment time 
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Figure 2 Output graph showing regression lines for individual 
patients in the treated cohort plotted against time in weeks 
following regression analysis. MDSCs are shown on the Y-axis 
and are a calculated as a percentage of the parent population (log 
scale), time in weeks is shown on the X-axis. Each regression line 
represents a patient. MDSCs are calculated as a percentage of 
the parent population and plotted on a log scale. One hundred 
and fifteen samples in eighteen patients were analyzed. There is a 
significant decrease of MDSCs in trial patients during treatment 
(P=0.0001; 95% CI: –0.071 to –0.027).
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Figure 3 Output graph showing regression lines for individual 
control patients plotted against time in weeks following regression 
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points (38 vs. 146).
This study investigated the addition of Lipidem to 

standard gemcitabine chemotherapy. Lipidem contains 20 g  
ω-3FAs and 8.6–17.2 g of EPA and DHA in 1,000 mL. In 
addition to this it contains medium chain triglycerides, 
soya-bean oil and omega-6 fatty acids. Ideally a more 
refined investigational product that contained a purer 
form of ω-3FAs in a lower total volume would have further 
clarified the contribution of ω-3FAs. This type of product 
is currently not commercially available, although one 
is currently in development. Lipidem was administered 
following gemcitabine treatment up to a volume of 500 mL  
over 4 hours. The use of a smaller volume and more 
refined product would improve compliance and ensure at 
hat the selected dose of ω-3FAs could be administered in 
a shorter time frame without unnecessary volume issues. 
Lipidem was also administered following the gemcitabine 
treatment as per standard protocol on days 1, 8 and 15, 
which was followed by a rest week. This was a result of the 
ethics review which mandated that the patient’s standard 
treatment could not be significantly changed. Again, ideally 
patients would have received intravenous ω-3FAs every 
week (with no break as for the gemcitabine treatment) in 
order to maintain levels, however this would potentially 
result in reduced recruitment, increased drop out and 
reduced compliance. A high dose oral supplement that 
could be administered in addition to intravenous treatment 
is a possible alternative future treatment strategy.

Clinical data

Although this study was underpowered to detect changes 
either way in survival analysis, overall there was a significant 
difference in PFS between trial and control patients with a 
median PFS in the trial cohort of 5.65 months compared to 
1.8 months in the control cohort. There was no significant 
benefit in OS in the trial compared to control group. 
This was possibly the result of the small sample size and 
unmatched cohorts.

This study is the first to analyze immune regulatory 
cells at multiple treatment points in patients receiving 
intravenous ω-3FAs. Most other studies only analyze 
baseline mediator levels and either one, two or three 
treatment points. There is general variability in immune 
regulatory cell levels seen at each treatment point and 
multiple time point analysis is required to provide an 
accurate assessment of levels over treatment. This study 
therefore provides an important and robust analysis of 

MDSC and Treg changes over treatment.

MDSCs

MDSCs with a Lin1–, HLA-DR–, CD33+, and CD11b+ 
phenotype were significantly decreased in trial patients. 
There was no significant change in control patients. ω-3FAs 
therefore significantly reduce MDSCs in APC. However, 
comparison regression analysis did not demonstrate a 
difference between trial and control cohorts. This is again 
possibly the result of unmatched comparison cohorts. 
Interestingly there was a significant difference in cycles one, 
three and six between trial and control patients. This is the 
first analysis of MDSCs in a clinical setting where APC 
patients have been treated with intravenous ω-3FAs. There 
is a profound inflammatory response seen in the tumor 
microenvironment of APC. MDSCs are key promoters of 
the inflammatory response in APC and there are increased 
levels of MDSCs in APC, with levels correlating with 
disease progression. The precise mechanism underlying 
the reduction in MDSCs by ω-3FAs may be a result of a 
reduction in the pro- inflammatory mediators present in 
APC. Pro-inflammatory mediators (Figure 1) including 
cytokines, eicosanoids and growth factors all drive the 
recruitment and expansion of MDSCs. ω-3FAs reduce 
these pro-inflammatory factors predominantly by their 
incorporation into the cell membrane from which they 
are subsequently metabolized into mediators with less 
inflammatory potential thereby shifting the balance and 
reducing the amount of pro-inflammatory eicosanoids 
(Figure 1). By reducing the number of MDSCs it can be 
theorized that there will be a subsequent reduction in their 
actions such as the inhibition of cytotoxic T lymphocytes, 
TH1 CD4+ and TH17 CD4+ T cells, M1 macrophages, 
the secretion of pro-inflammatory cytokines such as IL-
10, growth factors such as VEGF and particularly their role 
in expanding Tregs. A reduction in the pro-inflammatory 
response seen in APC could reduce tumor progression and 
ω-3FA treatment offers a safe and well-tolerated treatment 
that acts upstream of these mediators with the ability to 
act on multiple pathways. Studies have shown that ω-3FAs 
promote the accumulation of MDSCs in cell culture and 
mice models (42), which resulted in a more pronounced 
tumor growth (43). These studies offer conflicting evidence 
to the results presented and demonstrate that there may 
be a multitude of downstream actions of ω-3FAs and any 
therapeutic benefit needs to be specifically investigated for 
its targeted pathology.
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Tregs

There was a non-significant change in trial Tregs but a 
significant increase in Treg numbers seen in control patients. 
In addition, regression analysis comparing the two cohorts 
demonstrated no significant difference over treatment. 
Treatment with ω-3FAs therefore results in stability of Tregs 
whilst patients treated with gemcitabine monotherapy had 
a significant increase in Tregs. ω-3FAs result in the decrease 
in MDSCs and this could explain the stability in Treg levels 
seen. There may have been an insufficient number of patients 
to demonstrate a reduction in trial Tregs, however it can be 
seen that an increase in Tregs is associated with a decreased 
survival as described in the literature. Indeed, in trial patients 
who had an OS of less than 6 months there was a significant 
increase in end point Tregs compared to baseline. In addition, 
a low level of Tregs is associated with improved survival. In 
patients with a low change in Tregs at end point compared 
to baseline there was a statistically significant PFS in trial 
compared to control patients. MDSCs are significantly 
elevated in patients with PAC and their levels correlate with 
Treg levels (7). In addition, inhibition of MDSC function has 
been shown to abrogate Treg proliferation (44). There was a 
significant increase in Tregs seen in the control patients and 
there was no decrease in MDSCs seen in control patients; 
the on-going expansion on MDSCs in this group (albeit 
not significant) may be a possible explanation for the Treg 
increase.

Tregs are increased in PAC and their levels correlate 
with a significantly reduced survival (15,16). Although 
Homma et al. (45) demonstrated a significant reduction in 
Tregs in patients receiving gemcitabine chemotherapy this 
was in comparison to patients receiving best supportive 
treatment. This study compared two cohorts that received 
effective comparable evidence-based treatment and 
although there was a small sample size there were multiple 
measurements of Tregs resulting in a more robust evidence 
base. Intravenous ω-3FAs treatment therefore results 
in the significant reduction of MDSCs, which results in 
stabilization of Treg levels. Treatment with gemcitabine 
therapy results in the non-significant reduction of MDSCs 
and a significant increase in Treg levels.

Conclusions

Administration of ω-3FAs with gemcitabine chemotherapy 
in APC results in a significant decrease of MDSCs and 
stability of Tregs. This may be secondary to the reduction 

of pro-inflammatory mediators. A phase three randomized 
trial is warranted to further validate these results. 
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