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Background: Immunotherapy can take advantage of the immunogenic response that chemotherapy 
elicits in tumors. Gemcitabine is a standard agent used in the treatment of pancreatic cancer, with known 
effects on the tumor immune microenvironment. The combination immunotherapy of the GVAX cancer 
vaccine, anti-PD-1 antibody and anti-CSF-1R antibody has been shown to improve survival in a murine 
model of metastatic pancreatic adenocarcinoma. This combination regimen also increased the infiltration of 
CD8+ T-cells that expressed both PD1 and CD137, and these T-cells were shown to express high levels of 
interferon-gamma, a marker of cytotoxic effector CD8+ T-cells. The effect of the addition of gemcitabine to 
this promising immunotherapy regimen has not been investigated. 
Methods: Mice with liver-metastatic pancreatic adenocarcinoma were followed for 120 days to determine if 
adding immunotherapy, which comprised of varying combinations of GVAX, anti-PD-1 antibody and anti-
CSF-1R antibody, to gemcitabine improved survival. Tumor-infiltrating CD8+ T-cells and myeloid cells, 
harvested after the mice were treated for 2 weeks, were analyzed with flow cytometry to characterize the 
effect the chemo-immunotherapy regimen had on the tumor microenvironment (TME).
Results: Adding combination immunotherapy after gemcitabine improved survival compared to 
gemcitabine treatment alone (gemcitabine/GVAX/anti-PD1, P<0.001; gemcitabine/anti-PD1/anti-CSF-1R, 
P<0.05; gemcitabine/GVAX/anti-PD1/anti-CSF-1R, P<0.01). However, there was no difference in survival 
between the three chemo-immunotherapy treatment regimens. Compared to gemcitabine-only treatment, 
the chemo-immunotherapy regimens also increased the percentage of tumor-infiltrating CD8+ T-cells 
that expressed interferon-gamma (gemcitabine/GVAX/anti-PD1, P<0.0001 and gemcitabine/GVAX/anti-
PD1/anti-CSF-1R, P<0.0001). The chemo-immunotherapy regimens also increased the number of tumor-
infiltrating PD1+CD137+CD8+ T-cells and interferon-gamma-expressing PD1+CD137+CD8+ T-cells, but 
these increases were not statistically significant. Anti-CSF-1R antibody decreased the infiltration of myeloid 
cells and myeloid-derived suppressor cells caused by GVAX (P<0.05), and trended towards decreasing tumor-
associated macrophages (TAMs) (P=0.18).
Conclusions: The addition of anti-PD1 antibody with GVAX and/or anti-CSF-1R antibody to 
gemcitabine improved the survival of mice with liver-metastatic pancreatic ductal adenocarcinoma (PDA). 
Gemcitabine with GVAX and anti-PD1 with or without anti-CSF-1R also improved the infiltration 
of effector CD8+ T-cells, and the presence of anti-CSF-1R in the chemo-immunotherapy regimens 
decreased the infiltration of myeloid cells. The overlapping mechanisms of the components in the chemo-
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Introduction

Pancreatic ductal adenocarcinoma (PDA) responds 
poorly to immune checkpoint blockade. One way to 
elicit an immunogenic response to immune checkpoint 
inhibition may be chemotherapy, as many preclinical and 
clinical studies have demonstrated improved anti-tumor 
responses and survival with combination chemotherapy/
immunotherapy regimens (1-4). Immunogenic cell death 
caused by chemotherapy can prime antigen-presenting cells 
and lead to anti-tumor cytotoxic T-cell responses (5-8). 
Dendritic cells engulf the antigens released from apoptotic 
cells and prime CD8+ T-cells via major histocompatibility 
class I molecules (9). Chemotherapy also increases the 
expression of death receptors and Fas ligand on tumors, 
both of which are used by T-cells to induce tumor cell  
death (10). 

Gemcitabine is a commonly used chemotherapy for 
the treatment of PDA with proven clinical benefit, and is 
also known for its immune modulating anti-tumor effects  
(11-13). Chemotherapy-induced apoptosis by gemcitabine 
dramatically increases the number of lymphocytes involved 
with antigen-presentation in an in vivo tumor model (14). 
Gemcitabine has also been shown to decrease myeloid 
suppressor cells in tumors, enhance cross-presentation of 
tumor antigens, improve the efficacy of cancer vaccines 
and augment anti-tumor immunity (15-18). However, the 
cytotoxic effect of gemcitabine on PDA is limited, and its 
immunomodulatory role has not been studied in vivo in 
syngeneic orthotopic murine models of PDA. 

Like many treatment modalities that prime the tumor 
microenvironment (TME), chemotherapy also upregulates 
programmed death-ligand 1 (PD-L1) expression in tumors, 
and over-expression of PD-L1 or programmed death-1 
(PD-1) is associated with response to immune checkpoint 
blockade in many cancers (1,2). In our previous studies, 
we demonstrate that the granulocyte-macrophage colony-
stimulating factor (GM-CSF)-secreting cancer vaccine, 
GVAX, also increases the expression of PD-1/PD-L1 in 

pancreatic cancer patients, and combination treatment with 
GVAX and PD-1/PD-L1 inhibition improves survival in 
murine models of metastatic PDA (19,20). 

We also found that higher myeloid cell infiltration is 
associated with poorer survival in patients who receive 
GVAX (21). Myeloid marker, colony-stimulating factor-1 
(CSF-1), and its receptor, CSF-1R, are critical for the 
differentiation, migration and survival of myeloid cells (22). 
Mitchem et al. demonstrate that the inhibition of CSF-
1R decreases tumor-associated macrophages (TAMs) and 
monocytic-myeloid-derived suppressor cells (M-MDSCs), 
and that the addition of anti-CSF-1R antibody (αCSF-
1R) to gemcitabine further improves the anti-tumor  
response (23) .  αCSF-1R therapy increases  PD-1 
expression, and the addition of checkpoint inhibition and 
gemcitabine to αCSF-1R therapy improves anti-tumor 
activity and decreases the number of TAMs, M-MDSCs 
and granulocytic (PMN)-MDSCs (G-MDSCs) (24). The 
addition of anti-PD-1 antibody (αPD-1) counteracts the 
PD-1/PD-L1 pathway that is upregulated with αCSF-1R or 
GVAX therapy (20,24). Finally, the combination therapy of 
GVAX, αPD-1 and αCSF-1R improves survival in a murine 
model of liver-metastatic PDA, as well as increases the 
infiltration of cytotoxic CD8+ T-cells into the tumor (25). 

To explore the immunomodulatory effects of gemcitabine 
in vivo, we investigated if the addition of GVAX, αPD-1 
and αCSF-1R to this chemotherapy improved survival in a 
murine model of metastatic PDA, and explored the tumor 
immune effects of this chemo-immunotherapy regimen. 

Methods

Cell lines and media

KPC is a well-established PDA cell line that was generated 
in our lab (26) from transgenic mice using the Cre/lox 
system in a C57BL/6 genetic background with pancreas-
specific expression of the oncogenes KRAS and p53 (27). 
KPC cells were cultured in RMPI 1640 media (Gibco) 

immunotherapy regimens may explain the lack of survival difference between the various regimens, and this 
remains to be explored.
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supplemented with 1% penicillin/streptomycin (pen/strep, 
Gibco), 10% heat-inactivated fetal bovine serum (HI-
FBS, Benchmark), 1% Minimum Essential Medium-Non-
Essential Amino Acids (MEM-NEAA, Life Technologies), 
1% L-glutamine (Life Technologies) and 1% sodium 
pyruvate (Sigma). B78H1 is a major histocompatibility 
complex class I-negative murine fibroblast cell line 
engineered to secrete GM-CSF. B78H1 cells were cultured 
in RMPI 1,640 media supplemented with 1% pen/strep, 
10% HI-FBS and 0.5% L-glutamine. Both KPC cells 
and B78H1 cells were maintained at 37 ℃ in a 5% CO2 
humidified incubator. Tumor-infiltrating immune cells 
harvested from mice were processed in T-cell media, 
which consisted of RPMI 1640 media supplemented with 
1% pen/strep, 10% HI-FBS, 1% 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES, Life Technologies), 
1% MEM-NEAA,  0 .5% L-glutamine and 0 .05% 
2-mercaptoethanol (Sigma). For isolation of CD8+ T-cells, 
harvested tumor-infiltrating immune cells were suspended 
in Isolation Buffer, which consisted of PBS (Ca2+ and Mg+ 
free, pH 7.4; Gibco), 0.1% weight/volume bovine serum 
albumin (BSA, Sigma) and 2 mM ethylenediaminetetraacetic 
acid (EDTA, Gibco). 

Mice tumor inoculation

Seven- to eight-week-old C57Bl6 mice were purchased 
from Jackson Laboratories, and cared for in accordance with 
the Institutional Animal Care and Use Committee (IACUC) 
guidelines. When the mice were 9- to 10-week-old, they 
were inoculated with KPC tumor cells via the hemi-spleen 
technique to generate liver metastasis (day 0) as previously 
published (28). Briefly, after the mouse was anesthetized, 
the spleen was eviscerated, clipped and cut in half. One half 
of the spleen was placed back into the abdominal cavity. 
Into the other half of the spleen, 2×105 KPC cells in 100 
μL of PBS were gently injected and then flushed with 150 
μL of PBS. The hemi-spleen that was used to inoculate the 
tumor cells was then removed to prevent residual tumor 
cells from remaining external to the liver. The peritoneum 
and the skin were sutured closed. 

Treatment regimen

I n  t h e  t r e a t m e n t  r e g i m e n s  t h a t  i n c l u d e d  b o t h 
immunotherapy and gemcitabine, the two classes of therapy 
were administered sequentially, with gemcitabine given 
first, followed by immunotherapy (i.e., αPD-1, αCSF-

1R and GVAX). Treatment started four days after tumor 
inoculation, with gemcitabine (Hospira) administered at 
1 mg (50 mg/kg) intraperitoneally on days 4 and 7 (where 
day 0 was the day of tumor inoculation). On day 11,  
4 days after the second dose of gemcitabine was given, 
100 μg (5 mg/kg) of anti-mouse αPD-1 (clone 4H2, IgG1, 
Bristol-Myers-Squibb) and 1.5 mg (75 mg/kg) of rat anti-
mouse αCSF-1R (clone AFS98, IgG2a, BioXcell) were 
administered intraperitoneally, and murine GVAX vaccine 
was administered subcutaneously. αPD-1 and αCSF-1R 
were continued twice a week for 3 weeks, and GVAX once 
a week for 3 weeks. In the control groups that contain only 
gemcitabine, it was given twice a week, starting day 4, for 3 
to 4 weeks depending on the experiment.

To prepare the GVAX vaccine, KPC and B78H1 cells 
in PBS were combined at a 1:1 ratio of cells to a total 
combined cell concentration of 20×106 cells/mL, and 
irradiated at 50 Gy. The vaccine was then administered 
subcutaneously in three locations (one of the upper limbs 
and bilateral flanks) at 100 μL per injection (1×106 KPC and 
1×106 B78H1 cells per injection; 6×106 cells injected total 
per dose per mouse).

Survival studies

There were ten mice per treatment group for each 
experiment. The mice were monitored at least twice a day, 
and survival was censored at 120 days. Mice were euthanized 
if they displayed signs of distress, such as hunched posture 
and lethargy, and were determined to have reached the 
“survival” endpoint.

Harvesting tumor-infiltrating immune cells

Eighteen days after tumor inoculation, which was 3 days 
after the last dose of therapy, the mice were sacrificed and 
the metastatic liver tumors were harvested. The livers were 
mechanically pressed through a 100- and 40-μm nylon 
filter (Falcon) sequentially in T-cell media, and the tissue 
was resuspended in 25 mL of T-cell media and centrifuged 
at 1,500 rpm for 5 minutes. After the supernatant was 
aspirated, 4 mL of ACK lysing buffer (Quality Biological) 
was added to the cell pellets. After 2 minutes in the ACK 
buffer, the lysing was quenched by adding 50 mL of T-cell 
media. The samples were centrifuged again at 1,500 rpm 
for 5 minutes, and the supernatant was aspirated. The cell 
pellets were resuspended in 6 mL of 80% Percoll (GE 
Healthcare), over which 6 mL of 40% Percoll was added. 
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The samples were then centrifuged without braking at  
3,200 rpm for 25 minutes. The leukocyte layer was 
collected and resuspended in 50 mL of T-cell media, 
washed twice and resuspended in either PBS for staining 
for flow cytometry or Isolation Buffer for isolation of CD8+ 
T-cells. There were four mice per treatment group for each 
experiment. The cells from each mouse were not pooled, 
and were kept separate. 

Isolating and activating tumor-infiltrating CD8+ T-cells

The isolated tumor-infiltrating immune cells were  
re-suspended at 100×106 cells/mL in Isolation Buffer, and 
negative isolation technique was used to enrich for CD8+ 
T-cells as per the manufacturer’s protocol (Dynabeads 
Untouched Mouse CD8 cells, Life Technologies). The 
samples enriched for CD8+ T-cells were mixed with CD3/
CD28 stimulation beads (Dynabeads Mouse T-activator 
CD3/CD28, Life Technologies) at 1:1 ratio as per the 
manufacturer’s protocol. The T-cells and stimulation beads 
were incubated at 37 ℃ in a 5% CO2 humidified incubator 
for 6 hours before GolgiPlug (BD Biosciences) was added 
at 1:1,000 volume ratio. The cells were then incubated 
for 5 more hours at 37 ℃ in 5% CO2. After 11 hours of 
total incubation time, a magnetic rack was used to remove 
the beads, and the cell suspensions were centrifuged for 
1,500 rpm for 5 minutes in 4 ℃, and washed twice with 
PBS. There were four mice per treatment group for each 
experiment. The cells from each mouse were not pooled, 
and were kept separate. 

Cell surface and intracellular staining for interferon-γ and 
flow cytometry

The cells were resuspended in 100 μL of PBS and placed 
in a 96-well v-bottom plate (Corning). The cells were 
stained with Live-Dead Aqua (Invitrogen) for 30 minutes 
on ice, washed twice with PBS and blocked with rat anti-
mouse Fc antibody (CD16/CD32, clone 2.4G2, BD 
Biosciences) in FACs buffer for 10 minutes on ice. FACs 
buffer consisted of HBSS (Sigma) with 2% bovine calf 
serum (Sigma), 0.1% HEPES and 0.1% sodium azide 
(Sigma). Next, the cells were stained for 1 hour on ice for 
the following cell-surface markers: anti-mouse CD8a PE/
Cy7 (clone 53-6.7, Biolegend), CD137 eFluor450 (clone 
17B5, eBioscience, San Diego, CA, USA), PD-1 FITC 
(clone RMP1-30, eBioscience), CD3 APC-Cy7 (clone 
145-2C11, BD Biosciences), CD11b PE-Texas Red (clone 

M1/70.15, Invitrogen), F4/80 PE-Cy7 (BM8, eBioscience), 
Ly6C PerCP-Cy5.5 (HK1.4, eBioscience) or Ly6G V450 
(1A8, BD Biosciences). If the cells were not stained for 
interferon-γ (IFN-γ), then they were washed twice with 
FACs buffer and resuspended in FACS buffer, and flow 
cytometry was performed with the Gallios flow cytometer 
(Beckman Coulter). 

If the cells were stained for IFN-γ, then the cells were 
washed twice with PBS, resuspended and incubated in 
Fixation/Permeabilization buffer (Life Technologies) 
at 4 ℃ for 30 minutes. The cells were washed twice 
with Permeabilization buffer (Life Technologies), and 
incubated with IFN-γ APC (clone XMG1.2, eBioscience) 
for 30 minutes on ice. The cells were washed twice with 
Permeabilization buffer and resuspended in FACs buffer, 
and flow cytometry was performed with the Gallios flow 
cytometer.

Statistical analysis

Survival analysis was performed using the log-rank test. For 
comparison of cell percentage, cell number and cytokine 
expression between groups, the mean values were analyzed 
using unpaired one-way ANOVA with Tukey P value 
adjustment for multiple comparisons. Error bars on graphs 
represent standard deviation. All tests were two-tailed, and 
P<0.05 was considered statistically significant.

Results

Combinational immunotherapy improves survival when 
administered after gemcitabine

Gemcitabine is a part of the standard regimen for the 
treatment of all stages of PDA, from localized to metastatic 
cancer, and as such, most patients have been exposed 
to this chemotherapy agent prior to entering clinical 
trials investigating immunotherapy. In addition, when 
chemotherapy is administered prior to immunotherapy, 
chemotherapy-induced tumor cell apoptosis supplies an 
antigen-source for immunotherapy (5,14). Finally, some 
report that chemotherapy-induced PD-L1 expression 
may be transient, with Peng et al. reporting that patients 
with advanced ovarian cancer treated with paclitaxel and 
carboplatin had increased PD-L1+ tumor cells in the 
ascites, but that this decreased 11 days after chemotherapy 
exposure (2). Thus, to take advantage of the chemotherapy-
primed TME, we sequenced the regimen such that 
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gemcitabine was administered first, followed by the 
combination immunotherapy 4 days later (Figure 1A). We 
employed the previously described mouse model of hepatic 
metastatic PDA, where KPC tumor cells were injected 
into a clipped hemi-spleen on day 0 (27). Treatment with 
gemcitabine started 4 days after tumor inoculation, and 2 
doses were given 3 days apart (i.e., on days 4 and 7). On 
day 11, immunotherapy with GVAX, αPD-1 and/or αCSF-
1R was initiated, and GVAX was continued weekly and 
αPD-1 and/or αCSF-1R were continued twice a week for 
a total of 3 weeks. Adding combinational immunotherapy 
to gemcitabine improved survival compared to gemcitabine 
alone, whether it be GVAX + αPD-1, αPD-1 + αCSF-
1R or GVAX + αPD-1 + αCSF-1R with the gemcitabine 
(Figure 1B). There was no statistically significant difference 
in the survival between any of the groups that received 
both chemotherapy and immunotherapy (Figure 1B). The 
survival of the untreated group and the immunotherapy 
alone groups from the same experiments have been 
previously reported (25).

Administering combinational immunotherapy after 
gemcitabine therapy increases infiltration of CD8+ effector 
T-cells

To determine how the immunotherapy conferred a survival 
benefit when combined with gemcitabine, we analyzed the 
metastatic PDA-infiltrating T-cells with flow cytometry 
after the mice received 2 weeks of therapy (Figure 2A). The 
mice that received only gemcitabine yielded a statistically 
significant lower number of tumor-infiltrating CD8+ 
T-cells compared to the gemcitabine + GVAX + αPD-
1 treatment group, and trended towards a lower number 
of CD8+ T-cells compared to gemcitabine + GVAX + 
αPD-1 + αCSF-1R treatment and even the group that 
did not receive treatment (Figure 2B). We also found that 
gemcitabine/immunotherapy groups had a higher number 
and percentage of CD8+ T-cells that expressed IFN-γ 
compared to gemcitabine-only and no treatment groups, 
suggesting that gemcitabine/immunotherapy combination 
therapy increased infiltration of effector CD8+ T-cells into 
the tumors (Figure 2C,D). We previously found that the 

Figure 1 Administering combination immunotherapy after gemcitabine improves survival in a murine model of metastatic PDA. (A) 2×105 

KPC tumor cells were injected into the liver of each mouse via the hemi-spleen model on day 0, and the mice were treated as indicated (27); (B) 
the mice were followed for survival for 120 days. N=10 mice per treatment group, and the survival study was repeated twice. The Kaplan-
Meier curve graph represents the combined results of the two survival experiments. *, P<0.05; **, P<0.01; ***, P<0.001.
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combination of GVAX + αPD-1 + αCSF-1R increased the 
percentage and number of CD8+ T-cells that expressed 
both PD-1 and CD137, and we demonstrated that these 
cells were effector T-cells (25). Accordingly, we analyzed 
if these markers, PD-1 and CD137, were increased 
amongst the tumor-infiltrating CD8+ T-cells. In this 
study, the gemcitabine/immunotherapy groups trended 
towards an increased number and percentage of double-
positive CD8+PD1+CD137+ cells (Figure 3A,B) and a 
higher number of CD8+PD1+CD137+IFN-γ+ cells (Figure 
3C) compared to the gemcitabine-only and no treatment 
groups, but they were not statistically significant. As 
observed in our previous study, these double-positive CD8+ 
T-cells expressed high levels of IFN-γ (Figure 3D) (25). It 
is interesting that the gemcitabine/immunotherapy group 
that did not contain αCSF-1R (i.e., gemcitabine + GVAX 
+ αPD-1) also increased the infiltration of double-positive 
cells, because we had previously found that GVAX + αPD-1 
therapy alone did not increase the presence of these double-
positive cells (25). 

CSF-1R inhibition in combination with gemcitabine, 
GVAX and PD-1 inhibition decreases CD11b+ myeloid 
cells within the TME

We then investigated the effect of our treatment regimen on 
the myeloid cell population within the liver-metastatic PDA 
tumors. GVAX has previously been shown to increase myeloid 
cell infiltration into PDA tumors, which we again observed 
in this study (Figure 4) (21,25). The treatment groups that 
contained GVAX had higher infiltration of myeloid cells 
(CD3-CD11b+) and myeloid cell subsets: TAMs (CD3-
CD11b+F4/80+), G-MDSCs (CD3-CD11b+Ly6G+Ly6Clow) 
and M-MDSCs (CD3-CD11b+Ly6G-Ly6Chi) (Figure 4). 
When CSF-1R inhibition was added to the gemcitabine + 
GVAX + αPD-1 regimen, αCSF-1R was able to statistically 
significantly decrease the percentage of myeloid (CD3-
CD11b+) cells, and specifically the MDSCs, amongst the 
tumor-infiltrating immune cells (Figure 4E,G,H). There was 
also a trend towards a decreased number and percentage 
of infiltrating TAMs with the addition of αCSF-1R to the 
gemcitabine + GVAX + αPD-1 regimen (Figure 4B,F). 

Figure 2 Administering combination immunotherapy after gemcitabine improves the infiltration of IFN-γ-expressing CD8+ T-cells into 
PDA. (A) After receiving 2 weeks of therapy, the KPC tumor-bearing mice were sacrificed (on day 18), and the liver metastasis-infiltrating 
CD8+ T-cells were analyzed with flow cytometry. The number of (B) CD8+ T-cells and (C) INF-γ-expressing CD8+ T-cells; (D) the 
percentage of CD8+ T-cells that expressed INF-γ. N=4 mice per treatment group. **, P<0.01; ****, P<0.0001. Data represents mean ± 
standard deviation. The experiment was performed once. 
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Discussion

The administration of immunotherapy after chemotherapy 
improved survival in this study. It is reassuring that 
sequencing immunotherapy after chemotherapy does not 
abrogate the survival benefit provided by chemotherapy 
given that ,  current ly,  most  cancer  pat ients  have 
been exposed to chemotherapy prior to initiation of 
immunotherapy. However, the duration between the two 
types of therapies very likely plays a role in the ultimate 
therapeutic effect, and this was not investigated in this  
study (2). 

While gemcitabine caused a trend towards decreased 
immune cell infiltration, immunotherapy was able to 

induce immune cell infiltration into the tumor even when 
administered after gemcitabine. Adding GVAX and αPD-
1, with or without αCSF-1R, to gemcitabine led to almost a 
7-fold increase in the percentage of tumor-infiltrating IFN-
γ-expressing CD8+ T-cells (Figure 2D) and 12-fold increase 
in the percentage of PD1+41BB+ CD8+ T-cells (Figure 3D). 
The addition of αCSF-1R therapy to gemcitabine + GVAX 
+ αPD-1 reversed the infiltration of myeloid cells caused by 
GVAX back to gemcitabine-alone and no treatment levels 
(Figure 4). The high level of activated effector CD8+ T-cells 
infiltrating the tumor in chemo-immunotherapy treatment 
groups compared to gemcitabine-only and no treatment 
groups, suggests that the addition of chemotherapy did 
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Figure 3 Chemo-immunotherapy regimens with gemcitabine trended towards increasing the infiltration of PD1+CD137+ effector T-cells. 
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not have detrimental effects on cytotoxic T-cell function. 
However, further comparisons with immunotherapy-only 
groups would be necessary to confirm this.

Perhaps a different dose or dosing schedule with αCSF-
1R would have further decreased the infiltration of the 
tumor-promoting myeloid cells, particularly the TAMs 
which only trended down. Conceivably then the addition 
of αCSF-1R to gemcitabine + GVAX + αPD-1 would have 
led to a survival benefit compared to regimens without 
it. In addition, as has been demonstrated in prior studies,  
Figure 4A,E show that gemcitabine alone decreased CD11b+ 
cell infiltration into the tumor, and thus it is likely that 
gemcitabine was functioning similarly to αCSF-1R and 
depleting the tumor-promoting myeloid cells (15). The 
similarity in effect of gemcitabine and αCSF-1R may explain 
the lack of survival difference between gemcitabine + GVAX 
+ αPD-1 and gemcitabine + GVAX + αPD-1 + αCSF-1R.

There was also no difference in survival between the 
gemcitabine + αPD-1+ αCSF-1R treatment group and the 

two gemcitabine/immunotherapy treatment groups that 
contained GVAX (Figure 1). We speculate that the tumor 
cell death caused by gemcitabine released the tumor-
associated antigens and thus gemcitabine functioned 
similarly to a cancer vaccine, and primed the T-cells (14,16). 
After gemcitabine primed the TME, αPD-1 removed the 
immunosuppressive brakes, and if αCSF-1R was present, 
it prevented further infiltration of tumor-suppressive 
myeloid cells, with both actions leading to the activation 
of primed T-cells. Further analysis of the tumor-associated 
immune cells associated with this regimen would need to be 
performed to support this hypothesis.

The results of this study suggest that the redundancies 
in mechanisms of action between different agents within 
a combination treatment regimen (e.g., gemcitabine and 
GVAX priming the TME, and gemcitabine and αCSF-1R 
decreasing myeloid infiltration into tumor) may not lead 
to the hoped for improvement in anti-tumor efficacy and 
survival. In this era of ever-increasing complexity of cancer 
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therapy regimens, this study highlights the importance of 
creating combination regimens that are based on scientific 
rationale, where the different agents in the treatment have 
demonstrable synergy and complementary anti-tumor effects.

Conclusions

This study demonstrates that the addition of immunotherapy 
can improve upon the survival conferred by a chemotherapy 
regimen in a murine model of PDA. However, a study with 
an orthotopically implanted tumor model has limitations. 
Our study suggests that combining chemotherapy, the 
current standard of care for PDA, with αPD-1, αCSF-1R 
and vaccine therapy can lead to a strong anti-tumor immune 
response; however, their synergistic effect remains to be 
further validated through human clinical trials.
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