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Abstract

Background: No clear consensus exists on the best treatment for unresectable locally advanced pancreatic cancer. Programmed death ligand-1 (PD-L1) inhibitors and
cytotoxic T lymphocyte antigen-4 (CTLA-4) inhibitors, especially in combination, have been shown to increase survival in a variety of cancers. Preclinical data indicates
potential synergy between immunotherapy, such as PD-L1 and CTLA-4 inhibitors, with radiation therapy. Specifically, in combination with Stereotactic Body Radiation
Therapy (SBRT), immunotherapy may provide an effective treatment modality for this difficult-to-treat patient population.

Aim: To determine the safety and recommended phase 2 dose (RP2D) of SBRT in combination with either (A) Durvalumab (MEDI4736) alone, (B) Tremelimumab alone or
(C) the combination of Durvalumab (MEDI4736) and Tremelimumab for patients with unresectable locally advanced adenocarcinoma.

Methods: A multi-institutional phase Ib trial of radiation therapy in combination with immune checkpoint inhibition (anti-CTLA4 alone, anti-PD-L1 alone, or anti-CTLAZ4 with
anti-PDL1) in patients with unresectable locally advanced pancreatic cancer.

Cohort A: SBRT plus Durvalumab (MEDI4736): 1 dose escalation
Cohort B: SBRT plus Tremelimumab: 1 dose escalation

Cohort C: SBRT plus Durvalumab (MEDI4736) in combination with Tremelimumab: For Durvalumab (MEDI4736), there will be either 1 dose escalation (if RP2D of Cohort A
is >750mg) or no dose escalation (if RP2D of Cohort Ais 750mg). For Tremelimumab, there will be flat dosing of 75 mg, no dose escalation. Each cohort will have a standard
3 + 3 dose escalation design. SBRT will be administered at the standard dose of 6.6 Gy daily for 5 days in each cohort.

Results: Due to slow accrual, the study was terminated after 4 subjects were enrolled. Treatment was well-tolerated; no patients discontinued treatment due to adverse
events. Adverse events were those commonly seen with immunotherapy, including LFT abnormalities, maculopapular rash, and diarrhea. Pulmonary embolism and duodenal
ulcer leading to hemorrhage developed in two different patients, neither of which was related to treatment.

Conclusion: The combination of SBRT with either Durvalumab (MEDI4736) or Tremelimumab appears to be safe and tolerable in four patients with unresectable locally
advanced pancreatic adenocarcinoma. Further studies are required to further explore the safety and clinical benefit of this treatment regimen.
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approach appears to be safe and tolerable, and thus is a novel strategy that
warrants further investigation. We review other clinical trials in this area of
important study.

Article Highlights

Coretip

This study investigated the combination of novel immunotherapy and
radiation therapy in locally advanced pancreatic cancer without metastasis,
providing early safety data. Although only four patients were enrolled, this
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Research background

Programmed death ligand-1 (PD-L1) inhibitors and anti-cytotoxic T
lymphocyte antigen-4 (CTLA-4) inhibitors, especially in combination, have
been shown to increase survival in a variety of cancers. In combination with
Stereotactic Body Radiation Therapy (SBRT), they may provide an effective
treatment modality for the difficult-to-treat patient population.

Research motivation

Immune priming has been shown to work well in pancreatic cancer when
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applied to serial vaccine therapy, and may also hold true for hypofractionated
radiation therapy (RT). Several studies have noted an increase in
peripheral antitumor immunity following irradiation. This effect appears to
be potentiated by immunotherapy such as anti-CTLA-4 and anti-PD-L1.
Therefore, the combination of hypofractionated RT and immunotherapy
could be a promising strategy in the treatment of nonimmunogenic tumors
including pancreatic cancer.

Research objectives

To determine the safety and recommended phase 2 dose (RP2D) of
SBRT in combination with either (A) Durvalumab (MEDI4736) alone, (B)
Tremelimumab alone or (C) the combination of Durvalumab (MEDI4736)
and Tremelimumab for patients with unresectable locally advanced
pancreatic adenocarcinoma.

Research methods

Cohort A- Stereotactic Body Radiation Therapy (SBRT) plus Durvalumab
(MEDI4736): 1 dose escalation, Cohort B- SBRT plus Tremelimumab: 1 dose
escalation, Cohort C- SBRT plus Durvalumab (MEDI4736) in combination
with Tremelimumab: For Durvalumab (MEDI4736), there will be either 1
dose escalation (if RP2D of Cohort A is >750 mg) or no dose escalation (if
RP2D of Cohort Ais 750 mg). For Tremelimumab, there will be flat dosing
of 75 mg, no dose escalation. Each cohort will have a standard 3+3 dose
escalation design. SBRT will be administered at the standard dose of 6.6 Gy
daily for 5 days in each cohort.

Research results

Treatment was well-tolerated, with no patients discontinuing treatment
due to adverse events. Adverse events were those commonly seen with
immunotherapy, including LFT abnormalities, maculopapular rash, and
diarrhea. Pulmonary embolism and duodenal ulcer leading to hemorrhage
developed in two different patients, neither of which was related to treatment.

Research conclusion

Anti-CTLA-4 therapy Tremelimumab and anti-PD-L1 therapy
Durvalumab (MEDI4736) in combination with hypofractionated RT
demonstrate a manageable toxicity profile in four patients. Further
investigations are underway to validate the safety results and to evaluate
efficacy.

Research perspectives

The combination of SBRT with either Durvalumab (MEDI4736) or
Tremelimumab appears to be safe and tolerable in four patients with
unresectable locally advanced pancreatic adenocarcinoma. Further studies
are needed to assess efficacy and clinical benefit.

Introduction

Pancreatic cancer is one of the top five most common cancers in the
United States with a rising incidence, in contrast to prostate, lung, and
colorectal cancers, which are declining in incidence [1]. In approximately
30% of pancreatic cancer patients, the disease presents as locally
advanced (LAPC) without metastases but surgically unresectable and
is, therefore, incurable. For such patients, the optimal first-line treatment
continues to be a subject of debate. Traditionally, patients have been
treated with a combination of chemotherapy and radiation therapy (RT)
based on several studies which showed improvements in overall survival
(0S) and progression-free survival (PFS). In 74 patients with LAPC, a
randomized controlled trial of gemcitabine/RT found improved OS when
compared with gemcitabine alone, although with increased toxicity [2].
Similarly, a meta-analysis of 7563 patients with LAPC who received chemo/
RT demonstrated that patients who received chemo/RT achieved improved
PFS compared to RT alone, with a hazard ratio of 0.63 (0.41-0.96) [3]. The
RT regimen for this disease has conventionally been a prolonged course
that requires 5-fluorouracil as a radiosensitizer, but a hypofractionated
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course is becoming the standard of care. Stereotactic Body Radiation
Therapy (SBRT) given over 5 days has been shown to be safe and effective
in LAPC and has been widely adopted in the United States [4].

Programmed death ligand-1 (PD-L1) inhibitors and cytotoxic T
lymphocyte antigen-4 (CTLA-4) inhibitors exemplify the success of
immunotherapy, and have demonstrated remarkable clinical activity both
alone and in combination in immunogenic tumors. Both anti-CTLA4 and
anti-PD-L1 therapy enhance anti-tumor immunity, the former by blocking
tumor-induced suppression of cytotoxic T-cells, and the latter by allowing
recognition of tumor cells by the immune system [5,6]. In combination,
these therapies have been shown to be even more effective than either
immunotherapy alone, with a manageable toxicity profile in immunogenic
cancers such as melanoma, hepatocellular carcinoma, and renal cell
carcinoma [7-9]. Unfortunately, however, pancreatic cancer is known to be
a non-immunogenic tumor [10]. Despite modestly positive results in a phase
| study of PD-L1 inhibitor Durvalumab in patients with advanced pancreatic
cancer refractory to therapy achieving tumor shrinkage achieved as early as
6 weeks, single-agent immunotherapy is generally insufficient for meaningful
responses in pancreatic cancer [11,12]. For instance, no objective responses
were observed in a trial of PD-L1 inhibitor monotherapy in 14 patients with
pancreatic cancer [13]. Thus, there is concern thatimmunotherapy alone may not
be sufficient to elicit a meaningful response or improve survival. Consequently,
transforming pancreatic cancer into an immunogenically responsive tumor is a
major focus of clinical investigation [14].

Immune priming, or sensitizing the immune system to tumor antigen,
has been demonstrated in pancreatic cancer via serial vaccine therapy [15].
This immune priming effect may apply to RT as well, as several studies
have documented an increase in peripheral antitumor immunity following
RT in patients with pancreatic and other cancers [16-18]. There are varying
hypotheses as to how RT induces immune priming, including changes in
angiogenesis, as the phenomenon appears to be p53-mediated, or by
producing antigens that resemble tumor antigens, as the phenomenon also
appears to be T cell-mediated. Regardless of the mechanism, this immune
priming effect only holds true for hypofractionated RT, and appears to be
potentiated by immunotherapy such as anti-CTLA4 and anti-PD-1 [19-23].
This provided the rationale for the use of hypofractionated RT in the current
study protocol, and suggests that hypofractionated RT and immunotherapy
could be a promising strategy in the treatment of nonimmunogenic tumors
such as pancreatic cancer. Studies using KPC pancreatic mouse models
have supported this hypothesis [24]. In one study, 25 mice were divided
equally into groups that received either RT alone; CTLA4 antibody +PD-
1 antibody without RT; RT+ CTLA4 antibody; RT+ PD-1 antibody, or RT+
CTLA4 antibody +PD-1 antibody. The 5 mice receiving RT all died within
4 weeks, which is the usual lifespan of KPC mice without treatment. The
group receiving the combination of CTLA4 antibody and PD-1 antibody had
a slightly improved median survival of 6 weeks. However, once RT was
combined with immunotherapy, the median survival of the mice increased
dramatically. At 20 weeks, 60% and 80% of the RT+ PD-1 antibody group
and the RT+ CTLA4 antibody group, respectively, were alive, and all mice
in the RT+ CTLA4 antibody +PD-1 antibody were alive [25].

In order to further assess the potential benefit of immunotherapy
potentiated by RT, we examined the combination in a phase Ib study
in humans. This study was designed to evaluate the combination of
hypofractionated RT in combination with anti-CTLA-4 therapy Tremelimumab
or with anti-PD-L1 therapy Durvalumab (MEDI4736) for the treatment of
locally advanced unresectable pancreatic cancer.

Materials and Methods

Recruitment strategies

The study was posted on the NYU website and on clinicaltrials.gov. All
patients were consented prior to participation in the study. This study was
performed at the NYU Perlmutter Cancer Center, with subcontracting with
the National Cancer Institute and Memorial Sloan Kettering Cancer Center.
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The enroliment was expected to be 12 patients per site, per year, but
enrollment stopped after four patients as the study sponsor discontinued
funding for the trial. Enrollment lasted only five months, beginning on
7/10/2017 and ending on 12/14/2017.

Study population

Adult treatment-naive patients with biopsy-proven pancreatic
adenocarcinoma, which is not resectable and not metastatic, with
measurable lesion according to RECIST 1.1 were enrolled. All patients
had ECOG performance status of 0 or 1 and adequate organ and marrow
function as defined below: Absolute Neutrophil Count >1,500/mcL, Platelets
> 100,000/mcL, Hemoglobin >9.0 g/dL, Total Bilirubin < 1.5xULN, Serum
Albumin > 2.5 g/dL, ALT or AST up to 2.5 x ULN (if no liver metastases),
or ALT or AST up to 5 x ULN (if liver metastases present), Creatinine <2x
institution upper limit of normal OR Creatinine Clearance >45 mL/min/1.73
m? for patients with creatinine levels above institutional normal. Patients
with active autoimmune disease or pneumonitis were excluded from the
study.

Investigational agent

Durvalumab (MEDI4736) and Tremelimumab were provided by
AstraZeneca PLC. SBRT is commercially available.

Study design

A multi-institutional phase Ib trial of radiation therapy in combination
with immune checkpoint inhibition (anti-CTLA4 alone, anti-PD-L1 alone, or
anti-CTLA4 with anti-PDL1) in patients with unresectable locally advanced
pancreatic cancer.

Dose and administration

Cohort A- SBRT plus Durvalumab (MEDI4736): 1 dose escalation,
Cohort B- SBRT plus Tremelimumab: 1 dose escalation, Cohort C-
SBRT plus Durvalumab (MEDI4736) in combination with Tremelimumab:
For Durvalumab (MEDI4736), there will be either 1 dose escalation (if
Recommended Phase 2 Dose (RP2D) of Cohort A is >750 mg) or no dose
escalation (if RP2D of Cohort Ais 750 mg). For Tremelimumab, there will be
flat dosing of 75 mg, no dose escalation. Each cohort will have a standard
3+3 dose escalation design. SBRT will be administered at the standard
dose of 6.6 Gy daily for 5 days in each cohort. Following randomization to
Cohorts A, B, and C, individuals in each cohort will undergo the following
dosing schema (Figure 1). They will each receive SBRT 6.6 Gy x 5 days,
in conjunction with Durvalumab and/or Tremelimumab dosing based on
cohort. In cohort A, for Dose Level 0, Durvalumab (MEDI4736) will be
administered at a dose of 1125 mg over 60 minutes on cycle 1 day 1,
followed by 1125 mg over 60 minutes every 4 weeks thereafter, for a total of

48 weeks. For Dose Level -1, Durvalumab (MEDI4736) will be administered
at a dose of 750 mg over 60 minutes on cycle 1 day 1, followed by 750
mg over 60 minutes every 4 weeks thereafter, for a total of 48 weeks. For
Dose Level 1, Durvalumab (MEDI4736) will be administered at a dose of
1500 mg over 60 minutes on cycle 1 day 1, followed by 1500 mg over 60
minutes every 4 weeks thereafter, for a total of 48 weeks. In Cohort B, for
Dose Level 0, Tremelimumab will be administered at a dose of 75 mg over
60 minutes on cycle 1 day 1, followed by 75 mg over 60 minutes every
4 weeks, for a total of 6 doses, and every 12 weeks, for an additional 2
doses. For Dose Level 1, Tremelimumab will be administered at a dose
of 225 mg over 60 minutes on cycle 1 day 1, followed by 225 mg over 60
minutes every 4 weeks, for a total of 6 doses, and every 12 weeks for an
additional 2 doses. In Cohort C, Tremelimumab will be administered at a
dose of 75 mg over 60 minutes on cycle 1 day 1, followed by a 1-hour wait
period and then administration of Durvalumab (MEDI4736) over 60 minutes
(the dose of Durvalumab (MEDI4736) will be dependent on the RP2D
determined in Cohort A). If there are no clinically significant concerns after
the first cycle, the Durvalumab (MEDI4736) infusion may be administered
immediately after the Tremelimumab infusion has finished in subsequent
cycles. The combination of Tremelimumab plus Durvalumab (MEDI4736)
will be administered every 4 weeks for a total of 4 doses, after which
subjects will continue to receive Durvalumab (MEDI4736) monotherapy
every 4 weeks. The first dose of Durvalumab (MEDI4736) monotherapy will
be administered at week 16 after the last dose of the combination, and the
last infusion of monotherapy Durvalumab (MEDI4736) would occur at Week
48, unless withdrawal criteria are met.

Primary endpoints

To determine the safety in individual patients and Recommended
Phase 2 Dose (RP2D) of immune checkpoint inhibition comprising either
Durvalumab (MEDI4736) alone (Cohort A), Tremelimumab alone (Cohort
B), or combined Durvalumab (MEDI4736) and Tremelimumab (Cohort
C) along with SBRT in patients with unresectable locally advanced
pancreatic cancer.

Additional studies

Changes in immune markers were also evaluated in tissues from all
patients. Core biopsies were obtained at baseline (within 28 days prior
to Day 1 Cycle 1) and a second time within 7 days of Day 1 Cycle 3.
Peripheral blood samples for inmune markers were collected at baseline
and throughout the protocol at various time points. The final analysis of
these data is not presented due to paucity of samples.

[ Randomization* ]

4 s 4

. 4

/

Cohort A \ K CohortB \ /f Cohort C \
SBRT 6.6 Gy QD x 5 Days || SBRT 6.6 Gy QD x 5 Days SBRT 6.6 Gy QD x 5 Days
+ + +
Dose | Dose of Dose | Dose of Dose | Dose of Dose of
Level | MEDI4736~ Level | Tremelimumab® Level | MEDI4736¢ | Tremelimumab®
-1 750 mg o] 75 mg If Cohort A RP2DE is 1500 mg:
o 1125 mg it 225 mg =il 750 mg 75 mg
1 1500 mg o 1125 mg 75 mg
\ / \ / 1 1500 mg 75 mg
ey & seeke or totalof & doven, folowed by every 13 weeksfo totalof 2 doses (a If Cohort A RP2D is 1125 mg:
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cgzxrw‘;:u:e‘;ml:ortu::‘aliﬁ 13 doses (a maximum of 12 months) o 750 mg 75 mg
© Every 4 weeks fur a olal of 4 doses
Al theyrapy administered on the same day as, but within 4 hours after first dose of SBRT al 1125 mg 75 mg

< RP2D = Recommended Phase 2 Dose

* Patients will be randomized to Cohorts A and B. If one of these two cohorts finishes
before the other, then all subsequent patients will be assigned to the remaining cohort
Randomization to Cohort C will begin once Cohort A Dose Level -1 and Cohort B Dose
Level 0 are deemed safe. Each cohort will have a standard 3 + 3 dose escalation design.

If Cohort A RP2D is 750 mg:

& 750 mg

75 mg

Figure 1. Dosing schema for trial, including Cohorts A, B, and C.
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Results

Demographic information

Four patients were enrolled on trial prior to discontinuation of the study by
the sponsor. 75% were male and 25% were female (Table 1). Only one of
the four patients was over the age of 65, with a median age of 63.5 years.
50% of patients were black, 25% white, and 25% other. Patients were 50%
Hispanic/Latino, and 50% non-Hispanic/Latino.

Cohort assignment

Two patients were assigned to Cohort A, which received Durvalumab
(MEDI4736) alone with SBRT, and two patients were assigned to Cohort B,
which received Tremelimumab alone with SBRT (Table 1). No patients were
assigned to Cohort C, as the trial was terminated early due to slow accrual.

Adverse events

All patients reported at least one adverse event (AE), although all
serious adverse events (SAEs; grade > 3) were experienced by only one
patient (Table 2). See appendix for more detailed data regarding AEs and
SAEs.

Treatment response

At the first assessment following cycle 2, one patient who was assigned

to cohort A demonstrated stable disease. Two patients, both of whom
were assigned to cohort B, had disease progression (Table 1). The fourth
enrollee was off-protocol prior to the end of cycle 2 due to noncompliance
so efficacy data was not able to be obtained. This study therefore will not
provide efficacy results.

Immune marker studies

Due to paucity of samples, no relevant conclusions could be drawn
from analysis of immune markers.

Discussion

In our study, we find the treatment combination of PD-L1 and CTLA-
4 blockade with SBRT (6.6 Gy x 5) to be safe. Among the four patients,
treatment was well-tolerated without discontinuation of treatment due
to adverse events. Adverse events included those commonly seen with
immunotherapy, such as LFT abnormalities, maculopapular rash, and
diarrhea. Pulmonary embolism and duodenal ulcer leading to hemorrhage
developed in two patients, neither of which was related to treatment.
Pulmonary embolism is not a typical side effect of immunotherapy, but
rather likely due to the hypercoagulable effect of malignancy, and the patient
who developed a duodenal ulcer had known peptic ulcer disease. No dose-
limiting toxicities were observed. Due to the small sample size of this study,
complete safety data on the combination of SBRT and immunotherapy

Table 1. Demographic information, cohort assignment, and treatment response data for patients on trial. SD=stable disease; PD=progression of disease.

Participant Sex Ethnicity Race Age at enrollment Stage at study entry  Cohort Response (C3D1)
01-001 Male Hispanic/Latino White 70 T4,NO,MO A SD
01-002 Female Not Hispanic/Latino  Black 54 T4,Nx,M0 B PD
01-004 Male Hispanic/Latino Other-Spanish 63 T3,N1,M0 B PD
. . ) Not evaluable - did not remain on
01-005 Male Not Hispanic/Latino  Black 64 T4,N1,M0 A tial until C3

Table 2. List of all AEs seen in this study by maximum grade. Also indicated are the number of patients with AEs related to Durvalumab, SBRT, or not related to treatment,

out of 4 patients evaluable for data, **=immune-related adverse events.

Number of patients with

Adverse events Durvalamab-related AE

Maximum grade

Number of patients with Tremelimumab-  Number of patients with AE that
and/or SBRT- related AE was not treatment-related

LFT abnormalities™ 1

0 0

Abdominal pain

Pulmonary embolism

Muscle weakness

Electrolyte abnormalities

Hematologic abnormalities

Duodenal hemorrhage

Autoimmune hepatitis™

Dehydration

Anorexia

Hypersomnia

Diarrhea”

R PR FERN WO WW W W w|>
R ool ool | OO

Maculopapular rash™

OO0 0O0O0O|OO0OC|OC|OC
ololR|R IRk olR R IR olR| Kk

Table 3. Serious Adverse Events (=Grade 3) seen with Durvalumab, Tremelimumab, and SBRT in this study, out of 4 patients evaluable for data. **=immune-related

adverse events.

Serious adverse events Durvalumab- related

Tremelimumab- and/or SBRT-related

Not treatment-related

LFT abnormalities™ 1

0 0

Autoimmune hepatitis”

Muscle weakness

Lymphopenia

Pulmonary embolism

Duodenal hemorrhage

Abdominal pain

O | o |lo|lo|o ||

Hypophosphatemia

O oo ojo|lo
Rl |RR|R| oo
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Table 4. Adverse Events (Grades 1 and 2) seen with Durvalumab, Tremelimumab, and SBRT in this study, out of 4 patients evaluable for data. **=<immune-related adverse

events.

Grade 1/2 adverse events Durvalamab-related

Tremelimumab- and/or SBRT-related

Not treatment-related

LFT abnormalities™ 1 0 0
Autoimmune hepatitis™ 1 0 0
Muscle weakness 1 0 0
Maculopapular rash” 1 0 0
Diarrhea™ 0 1 0
Hematologic abnormalities 0 0 1
Electrolyte abnormalities 0 0 1
Dehydration 0 0 1
Hypersomnia 0 0 1
Anorexia 0 0 1

0 0 1

Duodenal ulcer

could not be adequately assessed. Nevertheless, these preliminary results
suggest feasibility of this treatment regimen. This is the first report using RT
in combination with immunotherapy in LAPC.

Despite its novelty, the clinical and scientific rationale for this
approach is supported by several studies assessing the combination of
hypofractionated RT with immunotherapy. A phase | study evaluated a
similar regimen to this study of Durvalumab/Tremelimumab and SBRT and
reported both safety and tolerability in 59 patients, with significant treatment
benefit [26]. However, this regimen was used in a patient population with
metastatic pancreatic ductal carcinoma (mPDC), which is more advanced
than the LAPC patients in this study. Additionally, the radiation dose and its
relation to the first dose of immunotherapy were slightly different than in this
study. Cohorts A1 and A2 in the study received Durvalumab every 2 weeks
and either 8 Gy in one fraction of SBRT on day 1 or 25 Gy in five fractions
on day -3 to +1. Cohorts B1 and B2 received Durvalumab/Tremelimumab
every 4 weeks and either 8 Gy in one fraction of SBRT on day 1 or 25 Gy
in five fractions on day -3 to +1. No dose-limiting toxicities were found. All
patients experienced at least one treatment-related AE, but primarily Grade
1 or 2, with the most common AEs being lymphopenia, anemia, fatigue,
thrombocytopenia, nausea, pruritus, elevated AST, diarrhea, hyponatremia,
hypoalbuminemia, leukopenia, vomiting, skin rashes, and fever. The overall
response rate was 5.1%.

Hypofractionated RT with 25Gy/5 (cohort 2) seemed to greatly improve
outcomes, with an increased PFS and OS when compared to 8Gy x 1 (cohort
1) of each group. Median PFS increased from 1.7 months with Durvalumab
with 8 Gy x 1 (cohort A1) and increased to 2.5 months with 25 Gy/5 fractions
(cohort A2). Similarly, PFS increased from 0.9 months with combination.

Durvalumab/Tremelimumab (cohort B1) to 2.3 months in cohort B2 0S
of 3.3 months in cohort Al increased to 9.0 months in cohort A2, while OS of
2.1 months in cohort B1 increased to 4.2 months in cohort B2. This increase
in PFS and OS suggests that hypofractionated RT may improve efficacy
of immunotherapy, whereas one fraction of RT may yield less favorable
efficacy outcomes. However, there may not be a benefit of Durvalumab and
Tremelimumab over Durvalumab alone, as the A cohorts actually appeared
to achieve numerically shorter PFS and OS than the B cohorts.

Aphase Il study reporting on 65 previously-treated mPDC patients who
received both Durvalumab and Tremelimumab without SBRT also found that
the treatment was well-tolerated, as only 4 of 64 patients (6%) discontinued
treatment due to treatment-related adverse events. The objective response
rate was 3.1% for patients receiving Durvalumab and Tremelimumab, and
0% for patients receiving Durvalumab alone [27]. In another phase Ib study
of Durvalumab and Tremelimumab in advanced, metastatic, recurrent or
unresectable cancer with multiple primaries in which no curative therapy
exists, no infusion-related reactions were observed, although 2/14 patients
discontinued treatment due to toxicity. Adverse events were manageable,
primarily low-grade effects such as fatigue, rash, pruritus, and nausea
[28]. Finally, a meta-analysis of 1,529 patients with various solid tumors
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who received Durvalumab and/or Tremelimumab found them to be safe,
with the most common adverse events being pruritus, fatigue, and LFT
abnormalities [29].

The relevance of immunotherapy and RT as vital areas of investigation
for patients with pancreatic cancer is illustrated by the ten trials that are
currently using Durvalumab and/or Tremelimumab in this population, three
of which also include RT. One study of unresectable pancreatic cancer
is comparing the effects of one fraction of 8Gy versus five fractions of
5Gy with either Durvalumab alone or Durvalumab and Tremelimumab
(NCT02311361). Another phase I/ll study of patients with borderline
resectable LAPC evaluates gemcitabine/nab-paclitaxel followed by
Durvalumab with concurrent SBRT at 6.6 Gy x 5 fractions (NCT03245541).
The final study includes patients with metastatic melanoma, metastatic
non-small cell lung cancer, metastatic breast cancer, or metastatic
pancreatic adenocarcinoma that has relapsed or been refractory to
therapy (NCT02639026). These patients are treated with Durvalumab and
Tremelimumab, along with RT given either as 17 Gy x 1 fraction, or 8 Gy x
3 fractions. In our study, efficacy could not be adequately assessed, as only
four patients were enrolled, and only three patients completed two cycles of
treatment. However, of these three patients, one patient had stable disease
and two had disease progression. We eagerly await future data in both
safety and efficacy, given the safety and tolerability we observed in our
study and its strong preclinical potential for a synergistic inmune response.

Pancreatic adenocarcinoma is a cancer with poor immunogenicity and
low tumor mutational burden, which could explain the poor outcomes seen
with immunotherapy in previous trials [30]. There are many methods being
explored beyond RT that may improve the ability to utilize inmunotherapy
in this traditionally immunosuppressive cancer. First, optimization of
drug delivery to the tumor, such as by conjugating immune check point
inhibitors to a collagen-hinding domain and IL-2, may increase response
[31]. Nanoparticles that are MMP-2 sensitive and are conjugated to PD-L1
antibodies have also been shown to accumulate at the tumor site, leading
to enhanced drug release where it is most needed [32]. Finding biomarkers
that are able to predict individual response to immunotherapy would also
be helpful in guiding patient selection for these drugs. A study that used
clinical survival and RNA expression data from The Cancer Genome Atlas
and performed. Immunohistochemistry on 152 pancreatic adenocarcinom
a patientsfound a PD-L1+/CD8"®" patient population in whom PD-1 inhibitors
may be especially efficacious in boosting CD8 response [33]. Specifically
selecting for this PD-L1+/CD8"'ghsubtype in future studies with Durvalumab

maylead to improved outcomes. Finally, the use of imaging to more prec-
iselymonitor response to immunotherapy is on the horizon. Immuno-PET,
a promising imaging modality which allows for visualization of immunotherapy
targets using radiolabeled proteins, is being explored in several clinical trials

[34]. In conjunction with RT and immunotherapy, as in this study, employing
the above techniques may lead to further improved outcomes.
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Conclusion

Of note, several ongoing trials are assessing the synergy of immune
checkpoint inhibitors in other settings, such as with minimally invasive
microwave ablation (NCT04156087). Other trials seek to treat pancreatic
cancer using SBRT and novel immunotherapy such as M7824, an anti-
PD-L1/TGF-beta2 receptor protein, and M9241, an immunocytokine
composed of 2 IL-12 heterodimers (NCT04327986). By taking advantage
of the wide variety of treatments becoming available, we look forward to
discovering even more ways to combat this difficult-to-treat cancer.

Footnotes
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Appendix

Serious adverse events (grade > 3; Table 3) seen in this study were:
lymphopenia (1 patient, 25%), muscle weakness (1 patient, 25%), increased
AST (1 patient, 25%), increased ALT (1 patient, 25%), increased bilirubin (1
patient, 25%), autoimmune hepatitis (1 patient, 25%), abdominal pain (1
patient, 25%), hypophosphatemia (1 patient, 25%), pulmonary embolism (1
patient, 25%), and duodenal hemorrhage (1 patient, 25%). The pulmonary
embolism, duodenal hemorrhage, abdominal pain, hypophosphatemia, and
lymphopenia were not due to treatment, whereas all others were possibly
attributable to Durvalumab (MEDI4736). All of these serious adverse events
were seen in only one patient. No grade 5 toxicities were observed.

Non-serious adverse events (grades 1 and 2; Table 4) included: muscle
weakness (1 patient, 25%), increased AST (1 patient, 25%), increased ALT
(1 patient, 25%), increased bilirubin (1 patient, 25%), thrombocytopenia
(1 patient, 25%), maculopapular rash (1 patient, 25%), hyponatremia (1
patient, 25%), leukopenia (1 patient, 25%), lymphopenia (1 patient, 25%),
anemia (1 patient, 25%), hypersomnia (1 patient, 25%), anorexia (1
patient, 25%), dehydration (1 patient, 25%), hypokalemia (1 patient, 25%),
hypomagnesemia (1 patient, 25%), duodenal ulcer (1 patient, 25%), and
diarrhea (1 patient, 25%). All patients demonstrated at least one adverse
event. The adverse events possibly attributable to Durvalumab (MEDI4736)
were: muscle weakness, increased AST, increased ALT, increased bilirubin,
thrombocytopenia, maculopapular rash, and hyponatremia. Diarrhea was
the only adverse event possibly attributable to either Tremelimumab or
SBRT.

Immune-related side effects, all listed above, included: increased AST
(1 patient, 25%), increased ALT (1 patient, 25%), increased bilirubin (1
patient, 25%), autoimmune hepatitis (1 patient, 25%), diarrhea (1 patient,
25%), and maculopapular rash (1 patient, 25%).
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