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Abstract

Purpose—This phase Il study was designed to determine the overall survival time of adults with
supratentorial glioblastoma treated with the immune modulator, polyinosinic-polycytidylic acid
stabilized with polylysine and carboxymethylcellulose (poly-ICLC), in combination with and
following radiation therapy (RT).

Methods and Materials—This was an open-label, single arm phase Il study. Patients were
treated with RT in combination with poly-ICLC followed by poly-ICLC as a single agent. Poly-
ICLC was initiated 7-28 days after the surgical procedure that established the diagnosis;
radiotherapy began within 7 days of the first dose of poly-ICLC and within 35 days of surgical
diagnosis. Treatment with poly-ICLC continued following the completion of RT to a maximum of
1 year or until tumor progression.

Results—31 patients were enrolled in this study. One patient did not have a GBM and was
deemed ineligible. For the 30 eligible patients, time to progression was known for 27 patients and
3 were censored. The estimated 6-month progression free survival was 30% and the estimated 1-
year progression-free survival was 5%. Median time to progression was as 18 weeks. The 1-year
survival was 69% and the median survival was 65 weeks.
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Conclusions—The combined therapy was relatively well tolerated. This study suggests a
survival advantage compared to historical studies using RT without chemotherapy but no survival
advantage compared to RT with adjuvant nitrosourea or non-temozolomide chemotherapy. Our
results suggest that poly-ICLC has activity against glioblastoma and may be worth further study in
combination with agents such as temozolomide.
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INTRODUCTION

Glioblastoma mutiforme (GBM) is challenging to treat and associated with a high degree of
morbidity and mortality. Standard treatment consists of cytoreductive surgery followed by
radiation therapy in combination with temozolomide (TMZ) chemotherapy followed by
adjuvant TMZ which leads to a median survival of 14.6mo. [1]. Based on several meta-
analyses, other types of adjuvant chemotherapy, mainly nitrosoureas, seem to add some
survival benefit but the gain is modest [2—-4]. Continuous efforts are ongoing to develop
more novel, effective agents or combinations of agents that may improve overall survival or
prolong time to progression. Such a novel agent and one that modulates the immune system
is polyinosinic-polycytidylic acid stabilized with polylysine and carboxymethylcellulose
(poly-ICLC).

Poly-ICLC is a double-stranded RNA (dsRNA) previously utilized as an interferon inducer
and immune modulating agent at high doses (up to 300mcg/kg V) in clinical cancer trials.
These trials were based on preclinical evidence that dsSRNA possessed anti-neoplastic
activity, including in glioma cell lines; this anti-tumor effect was thought due to induction of
interferon as well as an interferon-independent immune enhancing effect which involved an
increased antibody response to antigen, and activation of natural killer cells, T-cells,
macrophages, and cytokines [5-11]. These original trials showed diverse results with
relatively significant toxicity and thus the use of poly-ICLC was discarded when interferons
became available via recombinant DNA technology [12-17]. However, ensuing studies did
continue and demonstrated that low dose (10-50mcg/kg) poly-ICLC resulted in less toxicity
and a broader host defense stimulation, including activation of T-cells, natural killer cells,
and myeloid dendritic cells via Toll-like receptor 3 (TLR3) as well as induction of a mix of
interferons, cytokines, and chemokines; The host defense stimulation also resulted in a
antiviral and antiproliferative effect mediated by activation of interferon-inducible dsSRNA
dependent enzyme systems which regulate such cell functions as protein synthesis,
proliferation, and apoptosis [5, 18-24].

The enzyme systems activated by poly-ICLC include 2’5’oligoadenylate sythetase (OAS),
protein kinase R (PKR), RIG-1 helicase, and melanoma differentiation associated gene
MDAJ5, which along with the interferon and immune related responses may be responsible
for its anti-neoplastic effects [25, 26]. OAS requires dsSRNA as a cofactor in order to activate
ribonuclease-L which then exerts anti-proliferative and proapoptotic activity in cells [27].
dsRNA also activates PKR which inhibits protein synthesis [28-31]. These enzyme systems
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are responsive to dsRNA dose and structure [32]. Long-chain dsRNA (as in poly-ICLC) is a
potent stimulator of OAS but mismatched or irregular dsSRNA may be inhibitory.
Correspondingly, the OAS and PKR systems may be inhibited by a higher dose of dSRNA
possibly explaining why higher doses of poly-ICLC used in early cancer trials were
comparatively ineffective [33-35].

The clinical half-life of the OAS response to poly-ICLC is about 2.5 days, suggesting an
optimal dose schedule of 2—3 times per week [36]. In a pilot study of poly-ICLC in patients
with newly diagnosed or recurrent GBM or anaplastic astrocytoma (AA), patients were
treated with poly-ICLC at 10-50 mcg/kg, administered intramuscularly one to three times
weekly. Twenty of 38 patients also received concurrent CCNU at 120mg/m2 once every six
weeks while others received no chemotherapy. This study showed up to a 40-fold increase in
serum OAS product and toxicity was mild [26]. 66% of patients (including all 11 newly
diagnosed AA) receiving at least twice-weekly poly-ICLC showed regression or
stabilization of gadolinium enhancing tumor volume on MRI for at least 6 months from
study entry. Median survival was 19 months for 18 newly diagnosed GBM patients
receiving poly-ICLC at least twice a week; tumor response was associated with OAS
activation but not with changes in serum interferon. In effect, this pilot study demonstrated
the safety and tolerability of long-term, low-dose intramuscularly administered poly-ICLC
in patients with malignant glioma and a potentially beneficial dose range of 20 mcg/kg
administered two to three times weekly; this dose presumably activates a basic host tumor
suppressor system via the mechanisms discussed above. The pilot study also provided
encouraging results for both AA and GBM but was too small and the patients too
heterogeneous to provide reliable evidence of efficacy.

Based on this background information, in addition to the published experience with poly-
ICLC in multiple sclerosis and human immunodeficiency virus (HIV) infection, we
designed this phase Il trial with the primary objective of determining whether poly-ICLC
with concurrent RT followed by adjuvant poly-ICLC can improve the median survival time
of patients with newly diagnosed supratentorial GBM. As treatment efficacy may be related
to tumor burden, the best time for treatment is presumed to be at the time of least tumor
burden, after maximum surgical resection. Given this potential increased anti-tumor effect,
poly-ICLC was started post-operatively prior to the initiation of radiation (RT). Secondary
objectives were appraisal of the toxicity of conventional RT plus poly-ICLC followed by
adjuvant poly-ICLC and assessment of progression-free survival.

Note that this clinical trial was initiated before TMZ became incorporated into the standard
of care for patients with newly diagnosed GBM [1]. Given the modest efficacy of
chemotherapy for GBM at the time this study was initiated and because of the possibility
that chemotherapy’s side effects may add to those of poly-ICLC and confound assessment of
poly-ICLC, chemotherapy was withheld during treatment with poly-ICLC. Nevertheless,
accrual to this study was discontinued after the results of the EORTC phase-3 study defined
the standard of care for newly diagnosed patients as radiotherapy plus concomitant and
adjuvant TMZ [1].
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MATERIALS AND METHODS

Patient Eligibility
Patients who were at least 18 years of age with a histologically confirmed, newly diagnosed,
previously untreated GBM were eligible. Pathological material was centrally reviewed and
met criteria to be classified as World Health Organization grade 1V astrocytoma or GBM.
Patients were required to have a Karnofsky Performance Score (KPS) of = 60 and an
estimated survival time of greater than 8 weeks. Patients were also required to have
appropriate hematological, renal, and hepatic status. No patients were pregnant or nursing.
All patients were willing to practice birth control during and for two months after treatment.
Each patient had recovered from the effects of surgery before entry into the study. All
patients or their designated surrogates signed a consent form approved by the participating
institution’s institutional review board.

Study Design

This was a single arm, open-labeled, phase Il study. All patients were evaluated for toxicity,
response to therapy, time to tumor progression, and overall survival. A combination of
standard neurological examination and neuro-imaging was used to define overall response or
progression [37]. Imaging was assessed by the treating physician. Clinical and radiological
assessments of disease status were performed after RT and every 8 weeks thereafter.

Transient enlargement of contrast enhancing tumor with subsequent shrinkage has been
reported during poly-1CLC treatment. Because of this possibility, if a patient had
progressive disease by conventional definition [37], the treating physician and patient had
the option of continuing treatment; however, for the sake of statistical analysis the official
progression date was defined as the initial MRI which demonstrated an enlargement of
contrast enhancing disease. If patients continued on treatment despite an MRI with increased
volume of enhancement, the protocol required removal from treatment if the MRI met the
criteria listed in Table 1.

Radiation therapy

Patients were treated with conventional RT in conjunction with poly-ICLC. Radiation began
no later than 7 days after starting poly-ICLC and within 35 days of the surgical procedure
that established the diagnosis. Radiation was performed at either a) the Radiation Oncology
Department of the NABTC institution, or b) another site approved to participate in any trial
of the Radiation Therapy Oncology Group (RTOG). Radiotherapy was given by external
beam to a partial brain field in daily fractions of 2.0 Gy, to a planned total dose to the tumor
of 60.0 Gy over six weeks. The site providing radiation treatment was required to have
Institutional Review Board (IRB) approval. Stereotactic radiosurgery and brachytherapy
were not allowed. The target volume was preferably based on magnetic resonance imaging
(MRI), but computed tomography (CT) scans were acceptable for treatment planning. The
target volume included the resection cavity and the contrast enhancing tissue with at least a
2 cm margin with inclusion of the presumed infiltrative volume. The margin was potentially
less at natural barriers to tumor spread such as the skull, falx, or tentorium, or if necessary to
protect the eye or to limit the dose to the optic apparatus to < 50 Gy. The lens was shielded
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from the direct beam at all times. The dose to the retina was limited to <50Gy, the dose to
the optic nerve and chiasm was limited to <54Gy, and the dose to the brain stem was limited
to <60Gy. The field arrangement was selected to maximize target coverage and to minimize
dose to non-target tissues. Treatment plans included opposed lateral fields (discouraged
except for central or bilateral tumors), wedge pair of fields, rotation, or multiple field
techniques. Isodose distributions for the target volume were required for all patients, and the
inhomogeneity within the target was kept to < 5% to 10%.

Poly-ICLC therapy

Poly-ICLC was given at a dose of 20 mcg/kg three times weekly by intramuscular injection.
The days of administration were at least 2 days apart (i.e., usually a Monday-Wednesday-
Friday schedule). Poly-ICLC could be administered at any time of day, but it was
recommended that each patient choose a consistent time for administration. The initial dose
of poly-ICLC was administered in the presence of a physician or nurse who monitored the
patient for at least 30 minutes after injection, including a determination of blood pressure,
heart rate, and respiratory rate before and after injection. Patients were trained on the proper
method for storing, preparing, and administering poly-ICLC and either they or a family
member administered subsequent doses. Acetaminophen was used to treat fever or flu-like
side effects of poly-ICLC. Patients were pretreated with acetaminophen as warranted by side
effects at the discretion of the local investigator. Such pretreatment was recorded in the
treatment diary. For fever, arthralgias, or myalgias of grade 2 or greater, poly-ICLC was
discontinued for at least one dose. When symptoms returned to grade 0, poly-ICLC was
resumed at 50% of the original dose. If further dosing was well tolerated, the original dose
was subsequently re-instituted at the discretion of the investigator. All dosage changes were
recorded in the treatment diary. Corticosteroids were used in the smallest dose to control
symptoms of cerebral edema, mass effect, and fatigue, and were discontinued if possible.
Anti-seizure medications were used as indicated and patients were not stratified based on the
use of enzyme-inducing anti-epileptic drugs.

Statistical Methods and Considerations

The primary endpoint of this study was total survival from the date of surgical-pathological
diagnosis. Results were compared with patients whose data were available through the
database of the University of California at San Francisco (UCSF). These patients were
similar to the patients in the present study insofar as they are patients seen at a tertiary center
and enrolled into clinical trials early after diagnosis (see Table 3). The primary analysis used
a Cox proportional hazards model including the well-accepted prognostic factors of age at
diagnosis, Karnofsky performance score (KPS), and extent of surgical resection. Both
survival and progression-free survival were estimated using Kaplan Meier curves and
medians presented are from these estimates. Time to event was measured from time of
histological diagnosis. Median survival was determined using this methodology and the 95%
confidence bound was calculated. Extent of resection was coded as biopsy, sub-total
resection, or complete resection.

Historical data suggest that 12-month survival averages 50% for GBM patients in clinical
trials who did not receive temozolomide [38]. Since the goal of this study was to
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demonstrate improved survival, we considered the lower threshold for the probability of 12-
month survival to be 0.50. The calculation of sample size (60 patients) was based on a
binary endpoint with the goal of increasing the one-year survival to 67%. This would
represent a hazard ratio of 0.58 (experimental/historical). 60 patients provided 90% power
using a one-sided alpha of 0.1 for this comparison. One-year survival of 63%, corresponding
to a hazard ratio of 0.67, would also be of interest. Using the individual patient historical
data and the exact information on survival time for patients on this protocol, it was
anticipated there was approximately 90% power for testing for this smaller, but meaningful
difference.

Early-stopping rules for safety

The treatment strategy tested would not be considered feasible if the discontinuation rate due
to toxicity was 20% or greater and the lower bound for the one-tailed 95% confidence
interval was >10%. Any toxicity observed during RT that required permanent
discontinuation of poly-ICLC was considered significant. The rate of toxicity, with
confidence intervals, was estimated with each event. If there was a greater than 20% rate for
discontinuation of poly-ICLC during radiation therapy, the study was to stop and the design
reassessed.

RESULTS

From 3/19/03 to 2/25/05 31 patients were enrolled in the study; one patient was deemed
ineligible after pathology review revealed that the patient did not have GBM, leaving 30
fully eligible and evaluable patients. Enrollment was prematurely discontinued after the
results of the EORTC phase-3 study defined the standard of care for newly diagnosed GBM
patients as radiotherapy plus concomitant and adjuvant TMZ. Patient characteristics are
shown in Table 2. Patient characteristics for the control group are in Table 3. Toxicities
encountered in the study are shown in Table 4. Poly-ICLC was very well-tolerated with little
toxicity or negative impact to a patients’ quality of life. There were the expected mild to
moderate toxicities related to fatigue and the most common toxicity encountered was mild,
temporary soreness at the injection site. No patients discontinued poly-ICLC because of
toxicity. At no time was there a toxicity rate high enough to trigger the early-stopping rule.
No patients were continued on protocol treatment after an MRI demonstrated an
enlargement of contrast-enhancing disease by conventional definition; thus, the imaging
parameters for radiological progression under which the patient was definitively
discontinued from treatment were not employed.

Time to progression was known for 27 of 30 patients; the remaining 3, who remained on
treatment at the time of this analysis, were censored for analysis of progression. Four
patients were censored for survival at 35 [patient refused further follow-up], 114, 126 and
166 weeks). Survival data are summarized in Table 5. The 6-month progression-free
survival was 30% and the 1-year progression-free survival was 5%. Median time to
progression was 18 weeks (95% c.i. 13-24 weeks) and 1-year survival was 69%. The
median survival was 65 weeks (95% c.i. 54.8-74.2 weeks).
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For the historical control groups, the median survival of patients treated with non-TMZ
chemotherapy was 57 weeks (95% c.i. 54-62 weeks) and the one year survival rate was
57%; these results are versus a median survival of 40 weeks (95% c.i. 3644 weeks) and a
one year survival of 35% in the 223 patients who did not receive adjuvant chemotherapy.

Compared to the patients treated without adjuvant chemotherapy, patients on this trial did
well; the hazard ratio for survival, adjusted for age, KPS, and extent of resection, was 0.71
(90% upper confidence bound of 0.93) with a one-tailed p value of 0.05. The corresponding
hazard ratio compared to the historical controls treated with adjuvant non-TMZ
chemotherapy was 1.12 (90% upper confidence bound of 1.46) with a one-tailed p value of
0.7.

DISCUSSION

Given the possible activity of poly-ICLC in GBM and the intent to engage in a combined
modality approach for such an aggressive disease we chose to combine RT with poly-ICLC.
The hope was that this strategy would improve patient survival. However, this clinical trial
was initiated before TMZ became incorporated into the standard of care for patients with
newly diagnosed GBM; Accrual to this study was discontinued after the results of the
EORTC phase-3 study defined the standard of care for GBM patients as radiotherapy plus
concomitant and adjuvant temozolomide [1]. Prior to the landmark TMZ study, the benefit
of chemotherapy in GBM patients was thought to be modest. Due to the indefinite efficacy
of chemotherapy in GBM patients and because of the possibility that chemotherapy side
effects may add to those of poly-ICLC and confound assessment of poly-ICLC,
chemotherapy was withheld during treatment with poly-ICLC.

Poly-ICLC and RT were well-tolerated. As this therapy combination with radiation had not
previously been administered, however, early stopping rules were predefined. Fatigue,
myalgia and pain at the injection site were the main adverse events; these events were not
substantially different from the toxicities witnessed in the previous trial which utilized poly-
ICLC in high-grade glioma patients. No patients went off-study because of toxicity [26].

The median survival for this study was 65 weeks. See Table 5. Compared to an appropriate
matched historical group this appeared to be better than radiation therapy alone; however,
there was no statistical difference in survival compared to a historical group treated with
adjuvant chemotherapy (not including TMZ). However, the toxicity experienced by patients
in this trial was less than that of chemotherapy agents such as nitrosoureas [3, 4].

Comparing the results of this trial to those trials involving TMZ use in newly diagnosed
GBM patients, overall survival from the present study (65 weeks or 15 months) is not
substantially different from that found in the original 2002 Stupp et al study of RT and
concurrent TMZ followed by adjuvant TMZ (16 months) [1, 39]; Overall survival is also
similar to that in the landmark EORTC trial (2005) that established TMZ as part of the
standard of care for newly-diagnosed GBM (14.6 months) [1]. Based on these results,
combining TMZ and poly-ICLC represents an intriguing possibility especially when one
considers the well-tolerated side-effect profile and ease of administration of TMZ in
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addition to the well-tolerated toxicity profile of poly-ICLC and its possible activity in GBM.
In fact, the NABTT (New Approaches to Brain Tumor Therapy) Consortium has an ongoing
Phase Il trial of RT plus TMZ followed by adjuvant TMZ and poly-ICLC in patients with
newly diagnosed GBM (see http://www.nabtt.org/protocols/poly.htm). The question arises
whether poly-ICLC and TMZ would augment or interfere with each other’s efficacy. It has
been traditionally thought that chemotherapy may counteract the cellular processes needed
to produce an immune response; however, recent data suggest that chemotherapy may
augment immune effects through preferential elimination of regulatory components or
amplification of antigen exposure following cytotoxic cell damage. It appears that the
immune system recovering from a cytotoxic insult may be acutely activated and particularly
responsive due to both stimulatory cytokines and reduced regulatory elements [40-42].
Nevertheless, this area of research has been devoted to the combined use of cytotoxic agents
and vaccine therapy rather than to agents such as poly-ICLC. On the other hand, it does
appear that poly-ICLC may improve the efficacy of anti-CNS tumor peptide-based
vaccinations by augmenting the overall immune response to the vaccine [43]. Moreover, the
pilot study discussed in the introduction, which used poly-ICLC in newly diagnosed or
recurrent malignant gliomas did allow for concurrent use of CCNU; however, while the
patients who took CCNU experienced no additional toxicities, they had similar outcomes to
those who did not take it.

The limitations of this single-arm phase Il study design include the fact that the study
stopped accrual due to a change in the standard of care thereby limiting sample size and
power of the study. Another limitation is the potential for selection bias (young median age,
high functional status, and few patients having biopsy only) that may yield more positive
results; however, these variables were accounted for in the statistical analysis, and indeed
the results are comparable to those previously described for the use of adjuvant
chemotherapy. Lastly, as previously stated, transient enlargement of contrast enhancing
disease with subsequent shrinkage has been reported during poly-ICLC treatment. Because
of this possibility and lack of central radiological review, the protocol defined criteria for
radiological progression under which the patient was discontinued from this treatment;
however, these parameters may have led to further variability in assessing stability of
disease leading to inconsistent results. In fact, the perceptible disparity in this study between
a 6-month progression free survival of 30% and the 1-year survival of 69% may in part be
due to difficulties with appropriate interpretation of imaging and raise the question of
whether pseudo-progression led to premature discontinuation of the study agent.

CONCLUSION

We report the results of a combined strategy of RT with the novel agent poly-ICLC for
patients with newly diagnosed GBM. The combined therapy was relatively well tolerated,
with the expected toxicities of fatigue, myalgia, and pain at the injection site. Survival was
improved compared to patients in a historical database who were treated with radiation alone
without adjuvant chemotherapy. There was no survival advantage compared to historical
studies using RT with adjuvant, non-TMZ chemotherapy. Based on this study, poly-ICLC
seems to add a small survival advantage when given during and after RT, similar to that
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associated with non-TMZ chemotherapy. The combined use of poly-ICLC with TMZ or
vaccine-based therapy presents interesting possibilities for future investigations.
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Table 1

Radiological Criteria for Unacceptable Progression:

Transient enlargement of enhancing disease with subsequent shrinkage has been reported during poly-ICLC treatment. Because of this, if the
patient has progressive disease by the conventional definition (= 25% increase in the sum of products of all measurable lesions over the smallest
sum observed using the same techniques as baseline or appearance of any new lesion/site) but does not have unacceptable progression by the
definitions below, the treating physician and patient have the options of continuing poly-ICLC treatment on this protocol or of discontinuing
treatment:

1 >50% increase in bi-dimensional diameters for tumors starting with bi-dimensional diameters > 4 cm2.

2 >100% increase in bi-dimensional diameters for tumors starting with bi-dimensional diameters of 1.0 to 4.0 cm2,

3 Bi-dimensional diameters > 2.0 cm? for tumors starting with no measurable disease or for bi-dimensional diameters <1.0 cm2,
4 Unacceptable worsening of neurological symptoms that cannot be controlled with corticosteroids
5

Any other radiological or clinical evidence of worsening to the extent that the treating physician feels it is not in the patient’s best
interest to continue poly-ICLC

J Neurooncol. Author manuscript; available in PMC 2016 March 05.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnue|n Joyiny

Butowski et al.

Table 2
(n=30)

Patient Characteristics
Age, years
Median
Range
Sex
Male
Female
KPS
Median
Range

Extent of resection
Biopsy
Subtotal resection

Gross total resection

53
26-76

14
16

90

60-100

17
11
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Table 3
Control Group Patient Characteristics (n=552)

Age, years No chemotherapy (n=223) Non-TMZ Chemo(n=329)

Median 57 54

Range 26-82 19-77
KPS

Median 90 90

Range 60-100 60-100
Extent of resection

Biopsy 55 31

Subtotal Resection 147 256

Gross total Resection 21 42
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Toxicity (n=30 patients) using National Cancer Institute Common Toxicity Grading System 3.0.

Table 4

Toxicity (number of patients)

Grade
3

Fatigue

Leukopenia
Lymphocytopenia
Myalgia

Fever without infection
Thrombosis

Pain

Diarrhea

Rigor/Chills
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Summary of Results:

TABLE 5

Estimated 1-year survival

Median survival

Study patients

69.4%

65 wks
(95% c.i. 54.8-74.2 wks)

Control Group:
treated with RT
and non-TMZ
chemo

57%

57 wks
(95% c.i. 54-62 wks)

Control Group:
treated with RT
alone

35%

40 wks
(95% c.i. 36—44 wks)
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