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Ablative doses of stereotactic body radiotherapy (SBRT) may improve pancreatic cancer outcomes but may
carry greater potential for gastrointestinal toxicity. Rucosopasem, an investigational selective dismutase
mimetic that converts superoxide to hydrogen peroxide, can potentially increase tumor control of SBRT
without compromising safety. GRECO-2 is a phase II, multicenter, randomized, double-blind, placebo-
controlled trial of rucosopasem in combination with SBRT in locally advanced or borderline resectable
pancreatic cancer. Patients will be randomized to rucosopasem 100 mg or placebo via intravenous infusion
over 15 min, before each SBRT fraction (5 × 10 Gy). The primary end point is overall survival. Secondary
end points include progression-free survival, locoregional control, time to metastasis, surgical resection
rate, best overall response, in-field local response and acute and long-term toxicity.

Plain language summary – The study design for GRECO-2, a clinical trial to examine treatment of
pancreatic cancer with high-dose radiation plus rucosopasem: The use of high doses of radiation
delivered directly to tumors (stereotactic body radiation therapy [SBRT]) may improve survival compared
with lower doses of radiation in patients with pancreatic cancer, but it may increase side effects.
Rucosopasem, an investigational new drug being developed, can potentially improve the ability of SBRT
to treat tumors without decreasing safety. In a previous study, median overall survival was improved when
patients were treated with SBRT plus avasopasem, a drug that works the same way as rucosopasem.
GRECO-2 is a clinical trial of rucosopasem used in combination with SBRT for treatment of localized
pancreatic cancer. Patients will be randomly selected to receive either rucosopasem 100 mg or placebo via
intravenous infusion over 15 min, before each SBRT treatment. The main result being studied is overall
survival. Additional results include amount of time before tumors start to grow, how often patients get
tumors surgically removed, best overall response and long-term safety.
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Pancreatic cancer remains one of the most lethal cancer diagnoses despite advances in treatment. The estimated
5-year survival rate for pancreatic cancer in the USA is only 12%, and it is the third leading cause of cancer-related
death in both men and women [1]. Although systemic treatments for pancreatic cancer have improved, patients with
borderline resectable or locally advanced pancreatic cancer still have limited treatment options and poor survival
rates [2,3]. For those patients ineligible for surgery at presentation, future resection can be limited by treatment
toxicity, lack of radiographic response, or disease progression during induction chemotherapy [4,5].
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Figure 1. Mechanism of action for dismutase mimetics. Selective dismutase mimetics rapidly and specifically convert
superoxide to hydrogen peroxide. Normal cells tolerate hydrogen peroxide fluxes better than cancer cells.
DM: Dismutase mimetic; SOD: Superoxide dismutase.

Clinical practice and treatment guidelines for patients with borderline resectable and locally advanced pancreatic
cancer vary and include neoadjuvant chemotherapy (NAC) alone, NAC followed by chemoradiation (CRT), or
NAC followed by stereotactic body radiation therapy (SBRT) [3,6]. While CRT has been shown to improve local
control, the effect on overall survival (OS) remains unclear [7–10]. Recent retrospective analyses have shown that
radiation regimens with higher biologically effective dose (BED) may correlate with improvements in OS [11,12].
SBRT utilizes innovations in conformal dose delivery and normal tissue avoidance by more precise and higher
dose delivery to tumor areas. Initially used in nonresectable lung cancers, extracranial SBRT use has expanded to
multiple tumor types [13,14]. Retrospective studies in patients with pancreatic cancer suggest SBRT may improve
clinical outcomes in locally advanced pancreatic cancer, but with an accompanying increase in the risk of toxicity
to nearby organs [15–17]. Ablative radiation therapy with doses as high as 10 Gy per fraction have been shown to
improve tumor control in patients with medically inoperable or unresectable pancreatic cancer while minimizing
toxicity [18–22]. Surgical resection after SBRT (50 Gy in 5 consecutive fractions) appears to be safe, with a low rate
of surgical complications and high rates of margin negative resection [23]. The recent Alliance trial conducted by the
National Clinical Trials Network randomized patients with borderline resectable pancreatic cancer at diagnosis to
either (m)FOLFIRINOX alone or (m)FOLFIRINOX plus hypofractionated radiation therapy (RT) [24]. The study
was not powered to answer questions about RT (only 40 patients actually received RT), but patients who did not
progress prior to RT and underwent surgery had a similar 18-month OS rate as those who received chemotherapy
alone. In addition, patients in the RT arm had a higher CA19-9 and higher event-free OS than patients in the
chemotherapy alone arm. Furthermore, the trial utilized a lower BED (up to 40 Gy in five fractions) than what is
being tested in more recent studies [24,25]. Therefore, additional clinical trials are needed to clarify the role of SBRT
in the borderline resectable pancreatic cancer setting.

Rucosopasem is an investigational selective dismutase mimetic that rapidly converts superoxide, which is induced
by radiation and damages tissue, to hydrogen peroxide (Figure 1) [26]. Studies have shown that normal cells can
tolerate hydrogen peroxide fluxes, converting it to water and oxygen [27,28]. This protects normal cells from
oxidative damage, including radiation toxicity. However, tumor cells, including pancreatic cancer cells, appear to
be susceptible to the toxic effects of hydrogen peroxide [27–29]. This has been proposed to be due to reduced catalase
or other peroxidase levels in cancer cells, resulting in the decreased ability of cancer cells to metabolize hydrogen
peroxide [27,28]. In addition, increased production of superoxide has been reported in cancer cells and has been
suggested to contribute to uncontrolled mitosis; dismutation of superoxide would, therefore, be expected to impair
mitosis in cancer cells [28]. These data suggest that dismutase mimetics have the potential to improve efficacy when
used in combination with SBRT, without compromising safety.
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Preclinical and early clinical studies support a synergistic anticancer efficacy effect when a dismutase mimetic
is used in combination with SBRT (Figure 2) [29]. In an experimental xenograft mouse model, treatment with a
dismutase mimetic augmented the antitumor activity of radiation delivered at doses above approximately 7 Gy
per fraction, and this enhancement increased with increasing radiation dose per fraction [29]. The synergy was
dependent on the generation of hydrogen peroxide as evidenced by abrogation of the radio-sensitizing effect when
catalase was overexpressed, thereby removing hydrogen peroxide. In an exploratory analysis of a phase I/II trial in
patients with pancreatic cancer, median overall survival was 17.0 months in patients receiving a dismutase mimetic
in combination with SBRT, compared with 13.3 months for placebo with SBRT (HR: 0.48; nominal p = 0.0899;
data on file). Local tumor control, time to metastases, and progression-free survival were also improved, with similar
rates of adverse events (AEs) in the treatment and control arm.

Based on these data, the GRECO-2 study was designed to investigate whether rucosopasem can increase the
anticancer efficacy of SBRT while protecting normal tissue from superoxide damage.

Methods
Study design
GRECO-2 is a phase II, multicenter, randomized, double-blind, placebo-controlled study (NCT04698915) of
rucosopasem with SBRT in patients with borderline resectable or locally advanced pancreatic cancer, following
initial chemotherapy with (m)FOLFIRINOX or a gemcitabine-based doublet for at least 6 weeks prior to SBRT
(Figure 3). After initial chemotherapy, patients will be evaluated by computed tomography (CT) and magnetic
resonance imaging (MRI) for SBRT eligibility and distant disease metastases. Rigorous SBRT quality assurance
has been integrated into the study design, with the first two cases at each center undergoing prospective expert
review and each subsequent case undergoing submission into a site for dosimetric review to ensure treatment
parameters are met with expert oversight if any issues are detected. Approximately 220 patients will be randomized
at approximately 40 sites to receive rucosopasem 100 mg or placebo via intravenous (iv.) infusion over 15 min prior
to each SBRT fraction (5 x 10 Gy). A list of countries where data will be collected can be found on clinicaltrials.gov
(NCT04698915). At randomization, patients who are eligible for SBRT and do not have distant metastases will
be stratified based on disease status, borderline resectable or unresectable, at diagnosis.

Patients judged to be technically and medically resectable after SBRT will be surgically explored within 8 weeks
following SBRT, and the outcomes of margins and pathology will be collected. Following surgery, all patients
may receive additional chemotherapy at the discretion of the investigator in accordance with standard of care,
institutional practice, and National Comprehensive Cancer Network (NCCN) guidelines. For those not resectable
at reevaluation, further management will be per standard of care guidelines in accordance with the patient’s treating
physician. All patients will be followed every 3 months from the completion of SBRT for 2 years and every 6 months
thereafter, for a total of up to 3 years. Late toxicity will be followed for the first year.

Study population
The study population consists of patients aged 18 or older with newly diagnosed nonmetastatic pancreatic cancer
judged by multidisciplinary review to be feasible for (m)FOLFIRINOX or gemcitabine-based doublet and SBRT
and either: technically unresectable; potentially resectable but the patient has declined surgery or is considered not
a candidate for surgery; or borderline resectable. The participants must not have visible invasion of bulky tumor
into the lumen of the bowel or stomach as determined by endoscopy as presence of bulky tumor in the lumen is a
contraindication for SBRT [17]. Additional eligibility criteria are summarized in Table 1.

Study interventions
Patients will receive at least 6 weeks of chemotherapy consisting of FOLFIRINOX, mFOLFIRINOX, or a
gemcitabine-based doublet regimen (e.g., gemcitabine combined with nab-paclitaxel, cisplatin, capecitabine) prior
to SBRT. There is no limit on the number of pre-SBRT chemotherapy cycles that a patient may receive as long
as there is no evidence of metastatic spread during treatment with the initial chemotherapy regimen. Patients
may change chemotherapy regimens for issues of toxicity or intolerance as long as they remain on a FOLFIRI-
NOX, mFOLFIRINOX or a gemcitabine-based doublet regimen. Patients who commence chemotherapy with
single-agent gemcitabine, but who are then able to tolerate either a gemcitabine-based doublet, FOLFIRINOX or
mFOLFIRINOX may also be included in the trial if they fulfill the requirements for at least 6 weeks of pre-SBRT
chemotherapy with the regimens outlined above.
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Figure 2. Synergy of dismutase mimetic and stereotactic body radiation therapy on tumor control. In an H1299
xenograft model, the selective dismutase mimetic, avasopasem, increased tumor growth delay when given 30 to
60 min before SBRT and daily for 4 days after SBRT. Enhancement of SBRT-mediated tumor growth delay increased
with increasing radiation dose per fraction. Average tumor volumes (left column), individual tumor volumes (middle
column), and Kaplan–Meier analysis using the IACUC threshold of 1000 mm3 tumor volume as a proxy for survival are
shown. Eight to ten animals were included per cohort.
AAAS: American Association for the Advancement of Science; AVA: Avasopasem; Avg.: Average; Ind.: Individual; SBRT:
Stereotactic body radiation therapy.
From [29] www.science.org/doi/10.1126/scitranslmed.abb3768. Reprinted with permission from AAAS.
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Figure 3. GRECO-2 study design.
1At least 6 weeks of either (m) FOLFIRINOX or gemcitabine-based chemotherapy. There is no upper limit on the number of chemotherapy
cycles administered prior to SBRT.
2Patients who remain free of metastases following induction chemotherapy will be eligible for randomization.
3Randomization stratified by disease status at diagnosis (borderline resectable vs locally advanced) as determined by a multidisciplinary
tumor review group. Patients may receive additional chemotherapy following randomization and prior to SBRT treatment.
4SBRT should not be initiated until at least 1 week following the end of the last chemotherapy cycle.
5Surgical exploration within 8 weeks following SBRT.
Approximately 160 patients with borderline resectable or locally advanced pancreatic cancer following initial chemotherapy will be
randomized to receive rucosopasem 100 mg or placebo via iv. infusion prior to each SBRT fraction. At randomization, patients who are
eligible for SBRT and do not have distant metastases will be stratified based on disease status, borderline resectable or unresectable, at
diagnosis. Patients judged to be technically and medically resectable after SBRT will be surgically explored. All patients will be followed
every 3 months from the completion of SBRT for 2 years and every 6 months thereafter, for a total of up to 3 years.
iv.: Intravenous; PBO: Placebo; QD: Once daily; RUCO: Rucosopasem; SBRT: Stereotactic body radiation therapy.

Table 1. Inclusion and exclusion criteria.
Inclusion criteria Exclusion criteria

� Histological or biopsy-proven adenocarcinoma of the pancreas
� Newly diagnosed nonmetastatic pancreatic cancer eligible for (m)FOLFIRINOX
or gemcitabine doublet and SBRT classified as:†

◦ Locally advanced and technically unresectable
◦ Potentially resectable, but patient is not eligible for surgery
◦ Potentially resectable, but patient refuses surgery and is eligible for SBRT
◦ Borderline resectable

� Remains nonmetastatic after at least 6 weeks of chemotherapy
� Age ≥18 years
� ECOG performance status of 0–2
� Adequate end-organ function
� Uses effective contraception if of childbearing potential

✕ Documented metastatic disease
✕ First-line therapy other than (m)FOLFIRINOX and/or gemcitabine doublet‡

✕ Prior abdominal RT with substantial overlap in radiation fields
✕ Patients not recovered from treatment-related toxicities
✕ Uncontrolled malignancy other than pancreatic cancer
✕ Visible invasion of bulky tumor into the lumen of the bowel or stomach

†Defined by RECIST 1.1, classified following NCCN guidelines, and determined by a multidisciplinary review.
‡Except for patients commencing chemotherapy with gemcitabine monotherapy and then advancing to a gemcitabine doublet or FOLFIRINOX/mFOLFORINOX.
ECOG: Eastern cooperative oncology group; SBRT: Stereotactic body radiation therapy.

Patients will be randomized 1:1 to receive either rucosopasem 100 mg or placebo via iv. over 15 min prior to
each fraction of SBRT. To mitigate the risk of radiosensitizing due to fluorouracil and gemcitabine, patients will
have at least 1 week of rest between the final chemotherapy cycle and the start of SBRT.

SBRT will be administered as five fractions of 10 Gy applied to the residual gross tumor volume (GTV) with
a 3 mm margin to the clinical target volume (CTV) that also includes areas of suspected perineural and vascular
invasion to at least 30 Gy, while normal tissue constraints overrule GTV coverage criteria. Fractions will be given
sequentially daily within 180 min from the end of rucosopasem or placebo infusion. All five fractions must be
given within a maximum of 10 calendar days, with a minimum of 18 h and a maximum of 72 h (96 h in instances
where a holiday or machine breakdown interferes with administration) between fractions.
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All patients, investigators and study personnel involved in the conducting of the study will be blinded to
treatment assignment. Randomization codes are generated and assigned using a Randomization and Trial Supply
Management System. Electronic access to the codes will be granted in cases where the treatment assignment is
needed by the safety team, risk management, or drug supply oversight.

Planned study period
The duration of the study is expected to be up to approximately 41 months including the 28-day screening period,
chemotherapy, SBRT, surgery where possible, and additional chemotherapy and follow-up for survival, progression,
and long-term safety. If after the 90-day AE follow-up period there is distant disease progression, patients will be
followed every 3 months through 2 years post-SBRT and then every 6 months through 3 years post-SBRT to assess
survival status.

Study objectives & end points
The primary objective of this trial is to determine the effect of adding rucosopasem compared with placebo to
SBRT on OS in patients with unresectable or borderline resectable nonmetastatic pancreatic cancer. Secondary end
points include progression-free survival (PFS), locoregional control (LRC), and time to distant metastases (TDM)
as well as best overall response and in-field local response. The proportion of patients in whom R0 or R1 surgical
resection is achieved, pathological response in resected specimens, and acute and late toxicities observed after SBRT
are additional secondary end points. Exploratory end points include PRO-CTCAE, CA19-9 normalization, and
pharmacokinetics.

Study assessments
CT imaging will be used to assess secondary efficacy end points based on RECIST 1:1 and will be centrally reviewed
retrospectively. MRI and CT will be used to determine SBRT eligibility and post-SBRT technical resectability. The
determination will be validated by the local multidisciplinary review group.

CA19-9 values will be collected at diagnosis, screening, 4 weeks after SBRT, and every 3 months for 1 year
follow-up or until documented progression. CA19-9 normalization, defined as reaching the value of 37 U/ml
or below from screening across all follow-up time points, will be categorized into three categories: normalization
throughout 6 months, decrease of >30% but no normalization and increase over 90 U/ml before 6 months or no
significant decrease (<30%). Distribution across the categories will be compared across the groups and related to
resection rates and survival.

Blood samples for pharmacokinetic (PK) analysis will be obtained on the first day of SBRT; 1) prior, 2)
immediately after and 3) 24 h after the study drug infusion (but before the second infusion). PK blood samples will
also be collected in the same way on day 4 of SBRT. Vital signs, including blood pressure and an electrocardiogram,
will be taken at the same timepoints.

After 20 patients were randomized, an independent Data Monitoring Committee (DMC) was convened to review
safety data through the week 4 visit after SBRT and recommended that the study proceed without modification.

Safety monitoring & toxicity management
AEs and serious AEs (SAEs) will be monitored and categorized using common terminology for AEs (CTCAE)
version 5.0 for 90 days after SBRT completion. After 90 days, patients will be monitored for specific late toxicities
(i.e., gastrointestinal toxicities, cardiovascular toxicities, and persisting hematological, neurological, kidney, or liver
dysfunctions) for 1 year or until distant disease progression. In cases of grade 2 or greater hypotension occurring
within 1 hour of rucosopasem, or placebo infusion or grade 3 or greater AEs judged by the investigator to be
possibly attributable to rucosopasem infusion, the infusion time of rucosopasem or placebo will be extended by
15 min. Patients will be permitted three infusion modifications before they must discontinue treatment with study
drug, but will continue SBRT at the discretion of the investigator.

Sample size
The sample size calculation is based on the primary end point of OS. Median OS in the control group is expected
to be approximately 11 months from randomization, based on historical rates [7,11,30], with 120 deaths needed to
provide 90% power to detect a reduction in the OS hazard ratio to 0.55 using a two-sided type I error rate of 0.05
and accounting for a possible interim analysis after 84 events.
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Statistical considerations
The primary efficacy analysis will be the comparison of OS between the two treatment groups using a stratified
log-rank test at an overall two-sided 5% level of significance. The OS distribution will be estimated using the
Kaplan–Meier method and the hazard ratio for OS will be estimated along with its 95% CI using a stratified Cox
model.

Assuming that the OS is significant at the two-sided 5% significance level, PFS may be formally tested at a
two-sided 5% significance level. Other secondary end points and exploratory end points will be summarized and
compared descriptively. Safety including both acute (for 90 days) and late (until distant progression or 1 year)
toxicities will be summarized descriptively.

Ethics
The study was approved by the ethics committee at every participating institution and was conducted according
to the recommendations of Good Clinical Practice, the Declaration of Helsinki and the Council for International
Organizations of Medical Sciences International Ethical Guidelines. All patients provided written informed consent
to participate in the study.

Conclusion
While treatment of pancreatic cancer has advanced, survival rates remain low, highlighting the need for additional
treatment approaches to improve local control and overall survival outcomes. Higher radiation dose delivery is
being evaluated as a potential strategy to improve surgical resection rates and overall outcomes in patients with
locally advanced or borderline resectable pancreatic cancer. The GRECO-2 trial will evaluate whether the addition
of rucosopasem can increase anticancer efficacy of SBRT without an increase in toxicity, potentially leading to the
future integration of dismutase mimetic therapy into the current paradigm of chemotherapy and radiation therapy.

Executive summary

Background & rationale
• Pancreatic cancer remains one of the most lethal cancer diagnoses despite advances in treatment.
• Stereotactic body radiotherapy (SBRT) may improve clinical outcomes, but may carry a greater potential for

gastrointestinal toxicity when delivered at ablative doses.
• Rucosopasem is an investigational selective dismutase mimetic that converts superoxide to hydrogen peroxide.
• Dismutase mimetics have the potential to improve anticancer efficacy without compromising safety.
• Preclinical and early clinical studies support a synergistic anticancer efficacy effect when a dismutase mimetic is

used in combination with SBRT.
• These data support the hypothesis that rucosopasem may increase the anticancer efficacy of SBRT while

protecting normal tissue from superoxide damage.
The GRECO-2 trial
• This is a phase II, multicenter, randomized, double-blind, placebo-controlled study (NCT04698915) of

rucosopasem with SBRT in patients with borderline resectable or locally advanced pancreatic cancer, following
initial chemotherapy with (m)FOLFIRINOX or a gemcitabine doublet for at least 6 weeks prior to SBRT.

• The study population consists of patients aged 18 or older with newly diagnosed nonmetastatic pancreatic cancer
judged by a multidisciplinary review group to be feasible for (m)FOLFIRINOX or gemcitabine doublet and SBRT
and either: technically unresectable; potentially resectable but the patient has declined surgery or is considered
not a candidate for surgery; or borderline resectable. The participants must not have visible invasion of bulky
tumor into the lumen of the bowel or stomach as determined by endoscopy as presence of bulky tumor in the
lumen is a contraindication for SBRT.

• The primary objective of this trial is to determine the effect of adding rucosopasem compared with placebo to
SBRT on overall survival in patients with unresectable or borderline resectable nonmetastatic pancreatic cancer.

• Secondary end points include progression-free survival, locoregional control, and time to distant metastases as
well as best overall response and in-field local response. The proportion of patients in whom R0 or R1 surgical
resection is achieved, pathological response in resected specimens and acute and late toxicities observed after
SBRT are additional secondary end points.

Conclusion
• The GRECO-2 trial will evaluate whether the addition of rucosopasem can increase anticancer efficacy of SBRT

without an increase in toxicity, potentially leading to the future integration of dismutase mimetic therapy into
the current paradigm of chemotherapy and radiation therapy.
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