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ABSTRACT
◥

Purpose: Pancreatic ductal adenocarcinoma (PDAC) is largely
unresponsive to checkpoint inhibitors. Blockade of the CXCR4/
CXCL12 axis increases intratumoral trafficking of activated T cells
while restraining immunosuppressive elements. This study evaluates
dual blockade of CXCR4 and PD1 with chemotherapy in PDAC.

Patients andMethods:Multicenter, single-arm, phase II study to
evaluate the safety and efficacy of motixafortide and pembrolizu-
mab combined with chemotherapy in patients with de novo
metastatic PDAC and disease progression on front-line gemcita-
bine-based therapy (NCT02826486). Subjects received a priming
phase of motixafortide daily on days 1–5, followed by repeated
cycles of motixafortide twice a week; pembrolizumab every 3 weeks;
and nanoliposomal irinotecan, fluorouracil, and leucovorin every
2 weeks (NAPOLI-1 regimen). The primary objective was objective
response rate (ORR). Secondary objectives included overall survival

(OS), progression-free survival (PFS), disease control rate (DCR),
safety, and tolerability.

Results:A total of 43 patients were enrolled. The ORR according
to RECISTv1.1 was 21.1% with confirmed ORR of 13.2%. The DCR
was 63.2%withmedian duration of clinical benefit of 5.7months. In
the intention-to-treat population, median PFS was 3.8 months and
median OS was 6.6 months. The triple combination was safe and
well tolerated, with toxicity comparable with the NAPOLI-1 reg-
imen. Notably, the incidence of grade 3 or higher neutropenia and
infection was 7%, lower than expected for this chemotherapy
regimen.

Conclusions: Triple combination of motixafortide, pembrolizu-
mab, and chemotherapy was safe and well tolerated, and showed
signs of efficacy in a population with poor prognosis and aggressive
disease.

Introduction
With a rising incidence and mortality, pancreatic cancer is the

fourth leading cause of cancer-related deaths in the United States (1).
In the past decade, two large phase III trials have established gemci-
tabine in combination with nab-paclitaxel and FOLFIRINOX (fluo-
rouracil, folinic acid, irinotecan, and oxaliplatin) as accepted front-line
regimens for metastatic disease (2, 3). However, resistance to chemo-
therapy invariably occurs and is a main reason for the dismal 5-year
overall survival (OS) of 3% in the metastatic setting (1, 4). The only
regimen currently approved in the second line is a combination of
nanoliposomal irinotecan, fluorouracil, and folinic acid, leaving an
urgent need for patients with advanced disease (5, 6).

Although checkpoint inhibitors have shown efficacy inmany tumor
types, pancreatic ductal adenocarcinoma (PDAC) is one of the few
cancers with essentially no responses (7–9). Even in patients with
microsatellite instability-high tumors, the response rate is less than
20% (10). Similarly, dual blockade of CTLA-4 and PD-L1 has shown
limited efficacy in PDAC (7). Recent early data with an agonistic CD40
monoclonal antibody in combination with PD1 therapy showed
encouraging responses, suggesting that the complex immunosuppres-
sive milieu of pancreatic cancer can be overcome with novel immu-
notherapy strategies (11).

Prior preclinical studies have shown that inhibition of the CXCR4/
CXCL12 pathway increases T-cell infiltration in the PDAC tumor
microenvironment(TME)sensitizingtumors to immunotherapy(12,13).
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We recently reported the first clinical results of this novel strategy of
combining the CXCR4 antagonist motixafortide (BL-8040) with pem-
brolizumab in patients with previously treated metastatic PDAC (14). In
the cohort 1 of the COMBAT trial, motixafortide and pembrolizumab
combination promoted an increase in CD8þ, CD4þ, and
CD3þCD8þgranzymeBþ T cells within the TME while decreasing the
immunosuppressivemyeloid-derived suppressor cells (MDSC) cells (14).
Here, we report the clinical results of the cohort 2 of the COMBAT trial
with the triple combination of motixafortide, pembrolizumab, and
chemotherapy in patients with metastatic PDAC.

Patients and Methods
Study design

This was a multicenter, open-label, two-cohort, phase IIa trial to
assess the safety and efficacy of the combination of motixafortide
and pembrolizumab in subjects with metastatic PDAC. The immu-
nobiological effects and clinical results of the cohort 1 with motix-
afortide combined with pembrolizumab were reported previous-
ly (14). Here, we present the results of cohort 2, in which subjects
with de novo metastatic PDAC with disease progression following
first-line treatment with gemcitabine-based chemotherapy were
enrolled to receive a priming phase of motixafortide monotherapy
for five days followed by a combination treatment of motixafortide,
pembrolizumab, and chemotherapy. During the monotherapy peri-
od, eligible subjects receive daily SC injections of motixafortide
(1.25 mg/kg) on days 1–5. From day 8, subjects begin a combination
period consisting of liposomal irinotecan (70 mg/m2) over 90
minutes followed by intravenous leucovorin 400 (mg/m2) over
30 minutes, followed by intravenous fluorouracil 2,400 (mg/m2)
over 46 hours, every 2 weeks; pembrolizumab 200 mg once every
three weeks; beginning on day 10, motixafortide twice a week and at
least 24 hours after chemotherapy dosing. The combination therapy
continued for up to 35 cycles (approximately two years), or until
progression, clinical deterioration or early termination, whichever
came first.

The study was approved by institutional review boards or inde-
pendent ethics committees of all participating institutions and was
conducted in accordance with the International Conference on
Harmonization guidelines for Good Clinical Practice, applicable local
regulations and the principles of the Declaration of Helsinki. All
patients provided written informed consent. An independent Data
MonitoringCommittee reviewed the accumulated study data to ensure

subject welfare. The study was registered with https://clinicaltrials.gov,
number NCT02826486.

Patients
Eligible patients had histologically confirmed de novo metastatic

pancreatic adenocarcinoma with documented objective radiographic
progression after treatment with first-line gemcitabine-based chemo-
therapy. Only primary metastatic patients were enrolled. Patients with
non-metastatic locally advanced disease were ineligible. Subjects must
have measurable disease according to Response Evaluation Criteria in
Solid Tumors v.1.1 (RECISTv.1.1), Eastern Cooperative Oncology
Group performance status of 0–1, and adequate hematologic and
end-organ function. Detailed description of inclusion and exclusion
criteria is provided in Supplementary Table S1.

Assessments
The objectives of the study were to assess the efficacy and safety of

motixafortide in combination with pembrolizumab and chemother-
apy in subjects with metastatic PDAC. The primary objective was the
assessment of objective response rate (ORR) defined as the proportion
of patients with an investigator-assessed confirmed or unconfirmed
partial response or complete response as best response per RECIST
version 1.1.

Secondary objectives included: OS defined as time from the first
dose of study treatment to death from any cause; progression-free
survival (PFS); duration of response, defined as time from the first
tumor assessment that documented response to the first documented
disease progression; disease control rate (DCR), defined as the sum of
partial responses (PR), complete responses (CR), and stable disease
(SD) according to RECISTv1.1; safety and tolerability. Adverse events
were graded using the National Cancer Institute Common Terminol-
ogyCriteria for Adverse Events, v.4.03. Exploratory objectives were the
assessment of changes in tumor marker as potential biomarkers and
predictors of response, including the analysis of changes in circulating
immune cells subtypes in the peripheral blood, before and after
treatment, using flow cytometry.

Flow cytometry
Blood samples for flow cytometry analysis were collected into

TransFix/EDTA Vacuum Blood Collection Tubes during monother-
apy on days 1 and 5, pre and 4 hours post (�2 hours) BL-8040
administration, and during the combination period at the end of cycle
1, day 15 and at the end of cycle 2, day 21. Cells were stained with
antibody panels for 30 minutes at room temperature in the dark
followed by red cell lysis using lysing solution (BD Biosciences; 15
minutes) and washing. Antibody panels included CD45 (2D1, BD
Biosciences), CD3 (APC/Fire-750, BioLegend), CD4 (RPA-T4, Bio-
Legend), CD8 (SK1, BioLegend), CD19 (HIB19, BioLegend), CD56
(NKH-1, Beckman Coulter), and CD38 (HB7, BioLegend) were used
for the assessment of T helper cells (CD3 CD4), cytotoxic T cells (CD3
CD8), activated T cells (expressing upregulated levels of CD38), NK
cells (CD3� CD56þ), NKT cells (CD3þCD56þ), and B cells (CD3-
CD19þ). Stained cells were acquired on FACSLyric flow cytometer
(BD Biosciences) and analyzed using FlowJo version 10.

MSI status assessment
MSI status was collected either as baseline information by electronic

case report forms (N ¼ 18), IHC of mismatch repair proteins (N ¼ 2;
Neogenomics) or molecular analysis (N ¼ 19). In the latter, the MSI
Analysis System consists of five nearly monomorphicmononucleotide
markers (BAT-25, BAT-26, NR-21, NR-24, and MONO-27) for MSI

Translational Relevance

Motixafortide is a small synthetic peptide that binds to CXCR4
with high affinity, inhibiting the CXCR4–CXCL12 pathway,
enhancing T-cell access to the tumor microenvironment, and
increasing tumor sensitivity to anti–PD-1 therapy in preclinical
models and in patients. In this multicenter phase II study of
patients with refractory de novo metastatic pancreatic cancer, the
combination of motixafortide and pembrolizumab with standard
chemotherapy was found to be safe and tolerable, with lower than
expected incidence of neutropenia and infections, and showed
signs of efficacy in a population with poor prognosis and aggressive
disease. A randomized study is needed to confirm whether CXCR4
inhibition withmotixafortide adds benefits to chemotherapy in the
treatment of pancreatic cancer.

Motixafortide, Pembrolizumab, and Chemotherapy in PDAC
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determination and two polymorphic pentanucleotide markers (Penta
C and Penta D) for sample identification. MSI analysis was performed
according to the manufacturer’s directions (Promega MSI Analysis
System Version 1.2). The PCR products were analyzed by capillary
electrophoresis using an ABI 3500xL Genetic Analyzer (Applied
Biosystems). Raw data from the genetic analyzer are transferred to
gene mapper software (Applied Biosystems GeneMapper) to deter-
mineMSI status based on size (basepair) and height (RFU signal) data.
Shifts of≥2.5 bp difference betweennormal and tumor fragment size in
two or more (>40%) unstable markers (i.e.,) is classified MSI-high.

PD-L1 expression assessment
PD-L1 expressionwas assessed in formalin-fixed tumor samples at a

central laboratory with the use of the commercially available PD-L1
IHC 22C3 pharmDx assay (Dako North America; ref. 15) on the Dako
Autostainer system (Agilent Technologies). Biopsies were obtained by
core-needle. The scoring system used for PD-L1 expression was the
Combined Positive Score 1 (CPS1), measuring PD-L1 expression on
both tumor cells and tumor-associated stroma cells. PD-L1 was
defined as “positive” if CPS was ≥ 1 and “negative” or not expressed
if CPS <1.

Statistical analysis
This was an open label, phase IIa trial to evaluate the safety and

tolerability and to estimate the efficacy of the study combination. The
planned sample size of 40 subjects was deemed sufficient to charac-
terize the feasibility, safety, tolerability, and to estimate the efficacy of
the triple combination on the basis of practical considerations and not
statistical power calculations.

Time-to-event outcomes were estimated using the Kaplan–Meier
method. Safety was evaluated in all patients who received at least one
dose of motixafortide and was summarized in terms of number of
events and proportions using descriptive statistics. Intention to treat
(ITT) analysis was performed on all subjects who met the eligibility
criteria and was allocated to intervention (ITT). Modified ITT (mITT)
analysis was conducted on subjects who received at least one dose of
combination therapy and had a post baseline imaging. Statistical
analyses were done using R version 3.4.4.

Flow cytometry statistical analyses were performed on the log scale
using a linear mixed model for repeated measures, incorporating
planned a priori comparisons using unadjusted two-sided t tests. Data
were presented as means � 95% confidence interval (CI).

Results
Patient disposition and baseline characteristics

Patients with histologically confirmed de novometastatic pancreatic
cancer with documented disease progression after front-line gemci-
tabine-based chemotherapy were recruited from 18 sites in 3 countries
(Israel, Spain, and United States) to receive a priming phase of
motixafortide monotherapy for 5 days followed by a combination of
motixafortide, pembrolizumab and nanoliposomal irinotecan, fluo-
rouracil and leucovorin. The study design is shown in Supplementary
Fig. S1. Further details of the study population are shown in Supple-
mentary Table S1 and SupplementaryMethods. The primary objective
was the assessment of ORR per RECIST version 1.1. Secondary
objectives included OS, PFS, DCR, duration of response, safety and
tolerability. Additional details on the study procedures are provided in
Patients and Methods.

A total of 43 patients met eligibility criteria, were enrolled in the
study and were included the in the ITT analysis for safety and survival

endpoints. Thirty-nine subjects received combination therapywhereas
4 discontinued on monotherapy (one due to worsened disease and
three due adverse events) and were withdrawn from the study before
starting combination treatment. One patient discontinued due to
adverse event and lost follow-up (Fig. 1). Thirty-eight subjects were
evaluable for efficacy and are referred to as modified ITT (i.e., received
at least one dose of combination and had a post baseline CT scan).
Median follow-up was 7.7 months (range, 0.75–19.7 months). Among
the 43 patients, 24 (56%) were men and 19 (44%) were women, and
they had amedian age of 68 years (range, 40–85 years). All subjects had
metastatic disease at presentation and were refractory to gemcitabine-
based chemotherapy at the time of enrollment. Thirty-two (74.4%)
patients had metastatic disease to the liver. Baseline patient character-
istics and demographics are summarized in Supplementary Table S2.

Safety
The most common adverse events were mild to moderate nausea

and vomiting (74.4%) and asthenia (67.4%). Grade 3 or higher
treatment-related adverse events were observed in 52.5% of patients,
with the most common being nausea and vomiting (18.6%), asthenia
(16.3%), and diarrhea (14%). Notably, serious neutropenia (grade ≥ 3)
was observed in only 7% of the patients with only one subject (2.3%)
developing febrile neutropenia. Reactions at the injection site related to
motixafortide was observed in 55.8%, with most being mild to mod-
erate, and 4.7% being grade 3 or higher. A summary of treatment
adverse events is provided in Table 1. Overall, 5 of 43 patients (11.6%)
discontinued treatment because of treatment-related adverse events
and there were no treatment-related deaths.

Efficacy
The ORR by RECISTv1.1 in the evaluable population was 21.1%

(95% CI, 8.1%–34%) with confirmed ORR of 13.2% (95% CI, 2.4%–
23.9%). Stable disease was achieved in 42.1% (95% CI, 26.4%–57.8%),
yielding a DCR of 63.2% (95% CI, 47.8%–78.5%). For patients who
achieved partial response or stable disease, the median duration of
clinical benefit was 5.7 months (95% CI, 4.9–7.3 months). The
percentage of change in target lesion size is summarized in Fig. 2A.
In the IIT population (N¼ 43), median PFS was 3.8 months (95% CI,
1.6–5.1 months) and median OS (mOS) was 6.6 months (95% CI, 4.5–
8.7 months; ref. Fig. 2B). The efficacy of triple combination was
analyzed according to the presence of liver metastasis. In the subgroup
with liver metastasis (N¼ 30), the ORR was 16.7% (95% CI, 3.3–30%)
and DCR was 56.7% (95% CI, 38.9–74.4%), whereas in the subgroup
without liver metastasis (N¼ 8), ORR and DCR were 37.5% (95% CI,
4.0–71%) and 87.5% (95% CI, 64.4–100%), respectively. Patients with
liver metastasis had median PFS of 1.9 months (95% CI, 1.5–
5.7 months) and mOS of 5.9 months (95% CI, 4.4–9.6 months),
whereas subjects without hepatic metastasis had median PFS
5.4 months (95% CI, 1.5–8.0) and mOS of 8.4 months (95% CI,
3.5–10.8; Supplementary Table S3).

PD-L1 expression was evaluated on baseline biopsies through IHC
staining and classified as positive (CPS ≥ 1) or negative (CPS<1). The
number of respondents was insufficient to establish any association
between clinical outcomes and PD-L1 expression. Of 17 samples
available for testing, 13 (76%) were from patients with positive PD-
L1 expression. Of those, 2 patients experienced partial response and 7
had stable disease. Four patients (24%) had negative PD-L1, including
one with partial response and 2 with stable disease (Supplementary
Table S4). Microsatellite instability (MSI) status was assessed in 39
patients, of which none was considered MSI-high (Supplementary
Table S2).
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Circulating immune cells
Tounderstand the effects ofmotixafortide and pembrolizumabwith

chemotherapy on circulating immune cells, blood samples were
obtained before and after treatment and analyzed by flow cytometry
and complete blood count. Motixafortide caused rapid and sustained
increase of lymphocyte and neutrophil counts starting after the first

dose during the monotherapy phase (Fig. 3A and B). Motixafortide
monotherapy also promoted a significant increase in the relative
frequency of B cells starting after the first dose, whereas triple
combination of motixafortide, pembrolizumab, and chemotherapy
led to an increase in activated CD4þ T cells (CD38þ; Fig. 3C). No
substantial effects were observed in the relative frequency of CD4þ,
CD8þ or NKTþ cells during monotherapy whereas a small reduction
was noted for activated CD8þ cells during monotherapy that nor-
malized on triple therapy (Supplementary Fig. S2). We also did not
observe substantial differences in the changes in circulating immune
cells between patients who experienced clinical benefit from treatment
as compared with those who had progression (Supplementary Fig. S3).

Discussion
The COMBAT/KEYNOTE-202 is a multicenter open-label phase II

study to evaluate the efficacy and safety of the CXCR4 antagonist
motixafortide with pembrolizumab added to nanoliposomal irinote-
can, fluorouracil and folinic acid, the current second-line standard of
care for patients with metastatic PDAC. The study results demon-
strated that the triple combination achieved clinical benefit, including
durable responses, with a safe and tolerable profile in a populationwith
poor prognosis disease.

The observed ORR was 21.1%, confirmed ORR was 13.2%, with
DCR of 63.2%, and mOS of 6.6 months in patients with primary
metastatic PDAC. It should be noted that this study enrolled a
particularly challenging population with all but one patient having
de novo stage IV disease at initial diagnosis and 74.4% having
metastasis to the liver, underscoring the poor prognosis of those
patients. Historical data from the NAPOLI-1 trial showed an ORR
of 16%, confirmed ORR of 7.7%, DCR of 52% and mOS of 6.1 months
for nanoliposomal irinotecan plus fluorouracil and folinic acid in the
second-line setting afterprogressionongemcitabine-based therapy (5).

Assessed for eligibility (n = 55)

Screening failures (n = 12)

Allocated to interven�on (n = 43)
Received monotherapy (n = 43)
Received combina�on (n = 39)

Nonevaluable (n = 5)

Discon�nued on monotherapy due to AE (n = 3)
Discon�nued on monotherapy due to progression (n = 1)

Lost to FU (n = 1)

ITT for safety and survival analysis (n = 43)
mITT, Evaluable for efficacy (n = 38)

Enrollment

Alloca�on

Follow-up

Analysis

Figure 1.

CONSORT diagram of the Cohort 2 of the COMBAT trial. AE, adverse event; FU, follow up; ITT, intention to treat. mITT, modified intention to treat.

Table 1. Treatment-related adverse events of triple combination
of motixafortide, pembrolizumab, and chemotherapy.

Treatment-related adverse events
All
grades Grade≥ 3

Nausea and vomiting 74.4% 18.60%
Asthenia 67.4% 16.30%
Injection site reactions 55.8% 4.70%
Diarrhea 53.5% 14%
Appetite disorders 41.9% 9.30%
Pruritus 39.5% —

Anemia 37.2% 11.60%
Neutropenia 14.0% 7%
Febrile neutropenia 2.3% 2.3%
Rashes, eruptions, and exanthems 30.2% —

Gastrointestinal and abdominal pain 30.2% —

Musculoskeletal and connective tissue pain and
discomfort

30.2% 4.60%

Dermal and epidermal conditions 25.6% —

Edema 23.3% 4.70%
Weight decrease 20.9% 2.30%
Hyperpigmentation disorders 20.9% —

Gastrointestinal atonic and hypomotility disorders 20.9% —

Note: Adverse events reported in >20% of patients. Adverse events were
assessed by the investigator as probably or possibly related to any of the study
drugs, including motixafortide, pembrolizumab, and chemotherapy.

Motixafortide, Pembrolizumab, and Chemotherapy in PDAC
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Notably, almost half (47%) of the patients allocated to the NAPOLI-1
regimen arm had early or locally advanced disease at initial diagnosis,
which is known to positively impact outcomes (16). Within the
subgroup of stage IV disease at diagnosis (N ¼ 61), which mirrors
our population, the mOS was only 4.7 months with NAPOLI-1
regimen, whereas patients with stage III disease at diagnosis had mOS
of 9.0months (16). Similarly, in a largemetanalysis of irinotecan-based
therapy in the second line for patients with stage III–IV disease showed
ORR of 8.7% and DCR of 29.4%, with mOS of 5.5 months. Notwith-
standing the efficacy shown here with triple therapy in patients with
aggressive disease, the lack of a control arm with chemotherapy alone
prevents definitive conclusions about the impact of CXCR4/PD1
blockade in metastatic pancreatic cancer.

Emerging evidence indicate that the presence of liver metastasis
diminishes systemic immunotherapy effect in preclinical models and
in patients through a mechanism that is, at least in part, related to
depletion of circulating antigen-specific T cells (17). Here, we also
observed that patients without liver metastasis appeared to have more
benefit from triple combinationwithORRof 37.5% andDCRof 87.5%,
whereas subjects with hepatic metastasis had ORR of 16.7% and DCR
of 56.7%.

The study provides important safety data related to dual CXCR4/
PD1 checkpoint inhibition in combination with chemotherapy in the

metastatic PDAC setting. Patients showed acceptable tolerability and
all adverse events were manageable. The observed safety profile of
triple combination therapy was consistent with the profile observed in
the NAPOLI-1 regimen with key distinctions (5). In both studies the
rate of grade 3–4 nausea and vomiting, fatigue and diarrhea were
comparable (5). Remarkably, grade 3–4 neutropenia was observed in
27% of patients who received nanoliposomal irinotecan plus fluo-
rouracil and folinic acid in the NAPOLI-1 study but only in 7% of
the COMBAT trial receiving triple therapy, with only one patient
experiencing febrile neutropenia. This much lower proportion of
severe neutropenia is likely related to motixafortide-mediated
CXCR4 inhibition leading to neutrophil mobilization effect via
blockade of neutrophil homing to the bone marrow (18, 19). This
observation supports the concept that this immunotherapy regimen
could be safely combined with more myelosuppressive regimens
such as FOLFIRINOX.

The study also demonstrated the effect of motixafortide and
pembrolizumab combined to chemotherapy on peripheral immune
cells. Consistent with previous pharmacodynamic studies, motix-
afortide caused a rapid and sustained increase in lymphocytes and
neutrophils in the circulation starting after the first dose (14, 19).
We observed a substantial relative increase in circulating B cells
starting in the priming phase of motixafortide and a relative
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Figure 2.

Response in patients receivingmotixafortide and pembrolizumab in combinationwith chemotherapy.A, Left,Waterfall plot analysis for evaluable population (mITT;
N ¼ 38) showing maximal percentage of change in the sum of longest diameters measured of target lesions as compared with baseline for patients treated with
motixafortide and pembrolizumab combined with liposomal irinotecan, fluorouracil, and leucovorin. Right, Spider plot analysis of evaluable population (mITT;
N ¼ 38) receiving motixafortide, pembrolizumab, and chemotherapy showing the sum of longest diameters (mm) of target lesions by best response, according to
RECISTv1.1. B, Left, Kaplan–Meier estimates of overall survival in ITT (N ¼ 43) population receiving combination treatment. Survival measured in months from
monotherapy day 1 to death. Circles displayed identify censoring pattern. Right, Kaplan–Meier estimates of progression-free survival in ITT (N ¼ 43) population.
Progression-free survival measured in months from monotherapy day 1 to death.
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increase in the level of activated CD4þ T cells (CD38þ) in the
periphery starting with triple combination. Given limited number
of patients in the study, we did not observe significant differences
for the changes in circulating immune cells between responders and
non-responders.

Pancreatic cancer has proven largely unresponsive to T-cell check-
point therapy owing to the complex interplay between its immuno-
suppressive desmoplastic reaction and regulatory components,
restraining antitumor T effector cells and ultimately attenuating
antitumor activity (12, 20). Previously, we showed that blockade of
the CXCR4/CXCL12 axis with motixafortide increases trafficking of
activated T cells in the TME and abrogates immunosuppressive
elements such as MDSCs. In the cohort 1 of the COMBAT trial,
motixafortide in combination with pembrolizumab (without chemo-
therapy backbone) led to disease control in nearly a third of the
patients with heavily pretreated pancreatic cancer (14). In the cohort 2
presented here, by combining motixafortide and pembrolizumab with
the NAPOLI-1 regimen, we observed a potential for higher responses
without added toxicity.

The rationale for anti-CXCR4 therapy in pancreatic cancer is
further strengthened by a recent study demonstrating that the che-
mokine CXCL12 derived from cancer-associated fibroblasts forms a
coat around pancreatic cancer cells, impairing the trafficking of
multiple immune cell types within the TME (21). The study showed
that the CXCR4 inhibitor AMD3100 (plerixafor) given through
continuous infusion for one week induced antitumor responses and
significantly decreased the levels of circulating tumor DNA in patients
with PDAC (21), raising the hypothesis that more prolonged exposure
to CXCR4 inhibitor might be warranted to avert the immunosup-
pressive milieu of pancreatic cancer. A new study has been recently
initiated to investigate the activity of motixafortide and the anti-PD1
cemiplimab in combination with gemcitabine and nab-paclitaxel for
the front-line treatment of metastatic PDAC (NCT04543071).
Although pancreatic cancer remains one of the most immune-
resistant tumors, such rationale strategies that target non-
redundant immune-modulatory pathways in combination with che-
motherapy to induce immunogenic cell death may render pancreatic
cancer sensitive to immunotherapy.
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Figure 3.

Effects of triple combination on circulating immune cells.A,Absolute lymphocyte count (ALC) as determined by complete blood count. Peripheral blood was drawn
at the indicated pre- andpost-treatment timepoints. All subjectswere sampledduringmonotherapy andafter treatment, but the number of subjects reduced steadily
thereafter as patients came off study. Datawere available for: Screening n¼46, Mono n¼42, C1 n¼ 38, C2 n¼ 34, C3 n¼ 25, C4 n¼ 20, C5 n¼ 15, C6 n¼ 13, C8 n¼ 9,
C10 n¼ 5, C12 n¼ 6, C14 n¼ 3, C16 n¼ 1, C18 n¼ 2, C20-C25 n¼ 1. B,As in (A) except for absolute neutrophil count (ANC). C,Motixafortide treatment increased the
frequency of B cells in the circulation, whereas triple combination increased the relative frequency of activated CD4þCD38þ T helper cells in the periphery. Data
are presented as means� 95% CI. Statistical analysis was performed on the log scale, incorporating planned a priori comparisons using unadjusted two-sided t tests
(� , P < 0.05; �� , P < 0.0005). Data were available for D1M pre n ¼ 35, D1M post n ¼ 34, D5M pre n ¼ 26, D5M post n ¼ 25, C1D15 n ¼ 26, and C2D21 n ¼ 16.
M, monotherapy; C, cycle; D, day. Dotted lines indicate levels at pre-treatment.
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This study’s limitations included the lack of a control arm with
NAPOLI-1 regimen, which prevented direct comparison of triple
therapy used here. Another study limitation was the limited number
of patients, which precluded meaningful appraisal of biomarkers of
response. In recent years, several targeted and immune-based thera-
pies have been evaluated in PDAC studies, and almost all have failed to
demonstrate efficacy in phase II/III trials, underscoring the challenges
in achieving objective responses in the second line in metastatic
PDAC (7, 22–25).

In conclusion, motixafortide and pembrolizumab in combination
with nanoliposomal irinotecan, fluorouracil and folinic acid showed
efficacy in a population with poor prognoses and aggressive disease.
Treatment was well tolerated, and the rates of severe neutropenia and
infections were substantially lower than expected. A randomized study
is warranted to confirmwhether CXCR4 inhibition withmotixafortide
adds benefits to chemotherapy in the treatment of pancreatic cancer.
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