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Abstract We have shown the immunogenicity and safety
of synthetic carbohydrate vaccines when conjugated to the
carrier keyhole limpet hemocyanin (KLH) and given with
the adjuvant, QS-21, in patients with biochemically
relapsed prostate cancer. To determine whether immune
response could be further enhanced with stimulation by
multiple antigens, a hexavalent vaccine was prepared using
previously determined doses and administered in a Phase II
setting to 30 high-risk patients. The hexavalent vaccine
included GM2, Globo H, Lewis’, glycosylated MUC-1-32mer
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and Tn and TF in a clustered formation, conjugated to KLH
and mixed with QS-21. Eight vaccinations were adminis-
tered over 13 months. All 30 patients had significant eleva-
tions in antibody titers to at least two of the six antigens; 22
patients had increased reactivity with FACS. These sero-
logic responses were lower than that seen previously in
patients treated with the respective monovalent vaccines.
The reciprocal median combined IgM and IgG antibody
titers with ELISA against MUCI1, Tn, TF, globo H and
GM2 for these 30 patients were 640, 80, 120, 40 and O,
compared to 1280, 640, 1280, 320 and 160 seen in patients
receiving individual monovalent vaccines. This hexavalent
vaccine of synthetic “self” antigens broke immunologic tol-
erance against two or more antigens in all 30 vaccinated
patients, was safe, but antibody titers against several of the
antigens were lower than those seen in individual monova-
lent trials. No impact on PSA slope was detected. We
address the relevance of the multivalent approach for pros-
tate cancer treatment.

Keywords Vaccine - Polyvalent - Antigen -
Prostate cancer - Antibodies - PSA

Introduction

We have demonstrated the immunogenicity and safety of
synthetic carbohydrate cancer antigens conjugated to the
carrier keyhole limpet hemocyanin (KLH) and given as
monovalent vaccines with the saponin adjuvant QS-21 in
patients with biochemically relapsed prostate cancer.
Tumor cell heterogeneity and heterogeneity of the human
immune response in different individuals suggest that poly-
valent tumor vaccines will be required for optimal efficacy.
Studies on experimental animals suggest that the tolerizing
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effect of metastatic cancer can be diminished by vaccina-
tion when the disease is limited to micrometastases, a situa-
tion similar to the high-risk adjuvant setting after surgery or
chemotherapy-induced responses, and to biochemical
relapses in prostate cancer patients.

Patients with biochemically relapsed prostate cancer fol-
lowing primary therapy are a dichotomous group of men, as
many do well for years despite rising PSAs, whereas others
progress within two years after primary therapy based on
the criteria of Pound et al. [1]. These “high-risk™ patients
were classified as having a PSA relapse within 2 years of
primary therapy with PSA doubling times (PSADT) of less
than 10 months, or PSA slope of >0.15, and high grade
tumors such as Gleason 8, 9 or 10.

It is in this high-risk population that we investigated the
impact of a multivalent vaccine with the primary goals of
establishing safety and immunogenicity as manifested by
development of high titer antibodies directed against the
immunizing antigens, and as a secondary endpoint, whether
the vaccine could impact on the PSADT or slope and time
to radiographic progression. A total of 30 patients who met
the above criteria for high risk with the exception of having
a PSADT of less than 6 months were entered into a Phase II
trial and treated with a hexavalent conjugate vaccine. The
vaccine contained 6 KLH-conjugates targeting GM2,
Globo H, Lewis, Tn, TF and MUCI. Toxicity and clinical
course were monitored, and serologic responses were deter-
mined and compared to responses obtained previously with
the relevant monovalent vaccines.

Materials and methods
Patient selection

A total of 30 patients with prostate cancer that was histo-
logically confirmed by the Department of Pathology at
Memorial Sloan-Kettering Cancer Center were enrolled
based on established high-risk parameters: biochemical
progression within 2 years after primary surgery or radia-
tion therapy (with or without neo-adjuvant androgen abla-
tion). Patients who had intermittent hormonal treatment
following primary therapy and non-castrate levels of testos-
terone (>50 ng/dl) were eligible. Patients must have had a
Karnofsky performance status >60% with adequate organ
function as defined by: WBC >3,500/mm?>, platelet
count >100,000 mm’ , total bilirubin <2.0 mg/100 ml, or
SGOT <3.0 times the upper limit of normal,
creatinine <2.0 mg/100 ml or creatinine clearance >40 cc/
min. Prior chemotherapy or radiation therapy within
4 weeks prior to entry into the trial was not permitted. All
patients signed an IRB-approved informed consent. Base-
line imaging included chest X-ray, bone scan and abdomi-
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nal and pelvic CAT scan or MRI as indicated. Patients were
enrolled if they had a PSADT less than 6 months and there
was no evidence of radiographic progression. Patients who
were post prostatectomy had to have 3 PSA determinations
>2 weeks apart with a baseline value of 0.1. Patients who
were post radiation must have had a baseline PSA of 1.0.

Vaccine preparation

Globo H, Lewis?, Tn(c) and TF(c) [clusters] were synthe-
sized in the laboratory of Bio-Organic Chemistry headed by
Dr. Sam Danishefsky [2—-8]. MUC-1-32mer (-CHGVTSAP-
DTRPAPGSTAPPAHGVTSAPDTRPA) was synthesized in
the MSKCC Core Peptide Synthesis Facility under the aegis
of Dr. Paul Tempst. It was fully glycosylated (at 8 sites) with
Tn using the -T2 and —T4 o-N-acetylgalactosaminyltransfe-
rases by Dr. Henrik Clausen at the University of Copenha-
gen, Copenhagen, Denmark. GM?2 was extracted from rabbit
brains as GM 1, treated with beta galactosidase to yield GM2,
and provided by Progenics, Inc., Tarrytown, New York.

Globo H, MUC-1-32mer, GM2, Lewis’, Tn(c), and
TF(c)-KLH conjugation: these antigens were covalently
attached to KLH as previously described [2—4, 7, 8]. Anti-
gen doses were determined based on previous Phase I
monovalent vaccine trials in prostate cancer patients as fol-
lows: glycosylated MUC-1-32mer, 3 ng; globo H, 10 pg;
GM2, 10 pg; LeY, 10 pg; Tn(c), 3 pg; and TF(c), 3 pg. QS-
21[6,7, 9] was used at 100 pg. Vaccines were given subcu-
taneously on weeks 1, 2, 3, 7, 19, 31, 43 and 55 in rotation
at sites on the arms and legs.

Serologic assays

Serum samples were obtained at weeks 1, 2, 3, 7, 12, 19, 21
and 31. Serology for both immunologic studies and biochem-
ical markers such as PSA and acid phosphatase were per-
formed on the day of and 2 weeks after each vaccination
against the following target antigens: glycosylated MUC-1-
32 mer, GM-2, Globo H ceramide, desialated ovine submax-
illary mucin (DOSM) expressing Tn, desialated porcine
submaxillary mucin (DPSM) expressing TF and Lecera-
mide. IgM and IgG antibody titers were measured by ELISA,
as described previously [2, 3, 10, 11]. The titer was defined
as the highest dilution yielding an optical density of >0.1.

Flow cytometric analysis

Fluorescent-activated cell sorting(FACS) was performed as
previously described [2, 3, 10, 11] to demonstrate antibody
binding to the cell surface of the cell line, MCF-7, a breast
carcinoma cell line known to express each of the six anti-
gens, as well as prostate cancer cell lines DU145 and
LnCAP. Pretreatment and experimental sera were read
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together and the pretreatment percent positive cells set to
10%. Sera with a doubling in percent positive cells and a
50% increase in mean fluorescence intensity (MFI) are con-
sidered positive.

Complement-dependent cytotoxicity

Complement-dependent cytotoxicity (CDC) was assayed
on MCF-7 cell lines using a 2-h 51-chromium release
assay, as previously described [10], with human comple-
ment and pre- and post-treatment sera at a dilution of 1:4
and 1:100, or with MoAb BR55 (GlycoTech, Rockville,
MD) against MCF-7 at 5 pg/ml. Positive results were those
wells in which post-vaccination cytotoxicity was >15%
above the pretreatment level.

Western blot analysis

Pre- and post-treatment sera from patients with strong
reactivity against MUC-1 and Globo H were used in a
Western blot analysis. Purified DOSM [1 mg/ml, loading
dose 5.0 pg], DPSM [1 mg/ml, loading dose 5.0 pgl],
LewisY-HSA [1 mg/ml, loading dose 1.5 pg], globo H-
HSA [0.5 mg/ml, loading dose 0.75 ng] and KLH
[0.5 mg/ml, loading dose 0.375 pg] were loaded on a
Ready Gel Tris-HLC gel (Bio-Rad, Hercules, CA) and run
at 200 mV. The proteins on the gel were transferred to a
polyvinylidene fluoride (PVDF) membrane (PALL, Ann
Arbor, MI) for 1h at room temperature using the Mini
Trans-blot Cell (Bio-Rad). Non-specific sites on the mem-
brane were blocked overnight at 4°C with 5% milk pro-
tein and 0.1% Tween 20 in PBS. The membrane was
rinsed using 0.1% Tween 20 in PBS and incubated in pre-
and post-treatment sera at 1:100 for 1 h at room tempera-
ture. The membrane was rinsed several times at room
temperature using fresh changes of 0.1% Tween wash
buffer, and incubated in peroxidase conjugated goat anti-
human IgG, A, M (Rockland, Gilbertsville, PA) at
1:40,000 for 1h at room temperature. Bands were
detected with ECL Western blotting detection reagents
(Amersham Biosciences, Corp, Piscataway, NJ).

Statistical consideration

Using the ASTRO definition, three consecutive PSA rises
were considered to be a biochemical failure after radical
prostatectomy or radiation therapy. The date of failure was
the midpoint between the postsurgical (or post-irradiation)
nadir PSA and the first of the three consecutive rises.
Patients must have had a PSADT less than 6 months.
PSADT was determined prior to treatment and was equal to
In(2) divided by the least squares derived slope of log PSA
over time (log PSA slope >0.15). The time interval in

which PSADT was based consisted of a minimum of three
PSA measurements in a 12-month interval prior to enroll-
ment. Those who met this requirement were considered as
high risk and were eligible for the trial.

Survival probabilities

The progression-free survival probabilities were estimated
using the product limit method and the differences between
levels within a covariate were tested using the log rank sta-
tistic. Changes in PSADT for 12 months post-treatment
(compared to pre-treatment) were calculated and cross-tab-
ulated with the treatment type. The cross-tabulations were
tested for significance with Fisher’s Exact test. A total of 30
patients were evaluated with 26 meeting criteria of slope
>0.15. These 26 were then used in a univariate analysis
from which was calculated the 6 and 12 month post-treat-
ment slope, requiring at least three measurements instead of
the time period to estimate slope. Of the patients, 12 had
enough measurements for only 6 months and 25 had
enough for 12 months, the latter being used for cross-tabu-
lation analysis.

Results
Patient profile

Patient characteristics are described in Table 1. A total of
30 patients (age range 42—82, median age 64) were accrued

Table 1 Patient demographics

Total patients accrued 30
No. of patients evaluable 27
>50 weeks 24
>26 weeks 3
Currently active 5
Off study” 25
POD in bone 8
POD in soft tissue 8
PSA anxiety 9
Age range 42-82
Median age 64
Median Gleason 7
Prior treatments
Prostatectomy 23
ERT/implants 2
Neoadjuvant hormones 1
Hormones 3
Chemotherapy 1

* refer to patients off study
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Fig. 1 Results of IgM and IgG
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Hexavalent Vaccine Mean Antibody Titers

of whom the majority was treated with either radiation or
surgery as primary therapy. Of these, 27 received all vacci-
nations. For greater than 50 weeks, 24 patients remained on
study; 23 patients underwent radical prostatectomy alone
with one patient having received neoadjuvant hormonal
therapy and another patient neoadjuvant chemotherapy.
Two patients received either external beam radiation or
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brachytherapy and three patients elected to have intermit-
tent treatment with hormonal therapy.

Vaccine safety monitoring

No grade 4 events were reported. One patient experienced
grade 1 myalgia, which was thought to be due to a concurrent



Cancer Immunol Immunother (2007) 56:1921-1930

1925

Table 2 Flow cytometric anal-

L . Vaccine Antigen Median IgM titers Median IgG titers
yses of patients’ sera against week #
MCEF-7 cell line Monovalent Hexavalent Monovalent Hexavalent
1 MUC-1-32mer 20 15 20 0
Tn (DOSM) 0 20 0 0
TF 0 0 20 0
Globo-H 20 10 20 0
GM2 20 0 20 0
Lewis-Y ND 0 ND 0
7 Mucl-1 1280 640 1280 20
Tn (DOSM) 640 80 640 0
TF 1280 120 1280 40
Globo-H 80 20 160 0
GM2 160 0 80 0
Lewis-Y ND 10 ND 0
A Hexavalent Vaccine: % Lysis Cells via CDC grade I pain at the injection site with 7 complaining of flu-
70 - Against MCF-7 Antigen Positive Cell Line like symptoms and 9 with grade I low grade fever between
60 — : 99 and 100.5°F lasting less than 24 h. Five patients devel-
50 oped pruritic symptoms at the injection site.
40 N
@ 304 . Immunological assessment
5 204 A:
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o period for all patients are depicted in Fig 1. As seen in pre-
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Fig. 2 Comparison of complement dependent cytotoxicity (CDC)
with pre- and post-vaccination sera tested on MCE-7 cells is shown in
(a). Seven of the 30 patients demonstrated significant CDC. Results of
a repeat analysis with sera from these seven patients are shown in (b)

viral syndrome; 23 patients developed a grade 2 reaction at
the injection site consisting of induration and erythema last-
ing no longer than 72 h; 26 patients complained of transient

were generated against MUC-1 [IgM range: 1/40 to >1/
1280; IgG range: 1/40 to >1/1280] and TF(c) [IgM range:
1/40 to >1280; IgG range: 1/40 to >1/1280], with IgM
being the primary Ab against Globo H [range 1/80 to >1/
1280] and Tn(c) [range: 1/80—-1/320]. At least 10 of the 27
patients who were evaluated at week 7 had antibody titers
of 160 or greater against MUC1, Globo H, Tn and TF. Only
five or six patients, respectively, produced antibody titers of
1/40 or greater against GM2 and Lewis Y. All patients
demonstrated at least an eightfold increase in antibody
titers against two of the six antigens after immunization
compared to the pretreatment level; 26 patients developed a
titer of at least 1/160 against two or more of the six antigens
after vaccination. The median pre- and post-treatment IgM
and IgG titers for each antigen in patients treated with the
multivalent vaccine were compared with patients treated
with the respective monovalent vaccine as seen in Table 2.
IgM titers were comparable to results seen previously with
monovalent vaccines at these doses against MUCI1, Tn,
Globo H and Lewis Y. IgM titers against TF and GM2 were
at least eightfold lower with the hexavalent vaccine than
seen previously with monovalent vaccines. Compared with
the high titer IgM antibodies against MUC-1, Tn, Globo H,
GM2 and LewisY antigens seen in patients who received the
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A 1gM FACS Results of % Positive Cells Against MCF-7
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Fig. 3 Peak percent positive cells in FACS analysis of pre- and post-
vaccination sera from all patients treated with the hexavalent vaccine.
IgM (a) and IgG (b) results against the MCF-7 cell line are shown

respective monovalent vaccines, there was little or no IgG
reactivity against these same antigens in sera from patients
who were treated with the hexavalent vaccine.

Complement lysis

Results of initial CDC assays for all patients are shown in
Fig. 2b. Sera from the seven patients with the greatest
change in CDC were tested again as shown in Fig. 2a.
Increase in the percent lysis with sera from these seven
patients ranged between 18 and 63%.

Flow cytometry analysis

Patients’ sera were evaluated for reactivity to the MCF-7
cell line known to express all six antigens used in the vac-
cine. Low titer post-treatment IgG antibodies were induced
in some patients (see Fig. 3b), but, as in the past, the sero-
logic response consisted primarily of IgM antibodies. Sera
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from 22 patients demonstrated at least a doubling of the
percent-positive cells and an increase in the MFI with 15 of
these patients demonstrating at least a tripling of the per-
cent-positive cells and at least a 50% increase in the MFI
(Fig. 3a). FACS results with pre- and post-vaccination sera
for six of these patients with a range of positive, vaccine
induced, reactivity are shown in Fig. 4.

Western blot analysis

Figure 5 shows a Western blot analysis using sera from two
representative patients who developed antibodies against
MUC-1 and Globo H. There was no reactivity with the pre-
treatment sera by ELISA or Western blot against any of the
antigens. Patient 1 developed ELISA IgM anti-Globo H
titers of 1/160 by week 7 and KLH antibodies, but no anti-
bodies against DPSM, DOSM, Lewisor Globo H. By
Western blot, antibodies against both Globo H and KLH,
but not any other antigens were detected, confirming the
ELISA results. For patient 2, IgM anti-Globo H ELISA
titers of 1/1280 and against KLH were seen by week 7, and
no antibodies against other antigens. Post-treatment West-
ern blot analysis demonstrated activity against Globo H and
KLH, but also against Lewis’. Comparable Lewis® reactiv-
ity by Western, but not ELISA, was seen in three of the six
patients tested.

Progression-free survival analysis

In the univariate analysis (Table 3), N is the number in
each group, and events are “progression of disease” with
the median time to progression derived from the Kaplan-
Meier estimate. An upper bound for the 95% confidence
interval was not estimable due to the small sample size
and lack of events. Gleason score, T stage and nodal
involvement at the time of surgery did not appear to be
associated with either survival or progression-free sur-
vival. PSA slope and pre-treatment PSA levels were
treated as both continuous and categorical (threshold)
variables in the univariate analyses. There was no signifi-
cant effect on progression-free survival from either analysis
nor was there evidence to suggest differences in post-vac-
cination changes in the slope, based on pre-vaccination
primary therapy. Table 4 summarizes the changes in the
PSA slope, based on the treatment type. There was no
evidence of an effect on changes in slope from different-
treatments.

Discussion

Heterogeneity is characteristic of malignant cells with
different antigens expressed to varying degrees on different
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Fig. 4 FACS analysis of sera
from six patients with significant
reactivity against MCF-7 cells is

FACS Results of Patients (Anti-Human IgM) Vaccinated
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metastases within the same patient. By combining multi-
ple antigens in a vaccine, there is the possibility that the
immune system would generate a multifaceted response
in which antibodies to each antigen are produced. We
found that all 30 patients had at least an eightfold titer
increase and 26 developed a titer of at least 1/160 against
two or more of these antigens after vaccination. Augmen-
tation of antibody responses against multiple cell surface
antigens was achieved in all of the vaccinated patients; the
antibody responses against some of these antigens were
lower than expected. The IgM antibody response against
TF and GM2 and the IgG antibody response against
MUCI, Tn and GM2 were at least eightfold lower after
vaccination with the hexavalent vaccine than had been
seen previously after vaccination with the respective
monovalent vaccines.

Our experience with monovalent vaccines in preclinical
and clinical trials demonstrated that KLH [24] was the
most effective carrier molecule and that saponins such as
QS-21 [12] were the most effective adjuvants for antibody
induction. Immunological tolerance was broken consis-
tently against each of the antigens with the exception of
Lewis’. Consequently, the decreased antibody response
seen against several antigens in the hexavalent vaccine
were unexpected. There are several possible explanations.
MUCI1 has been shown to down-regulate immune
responses in mice [13] and there are data in man to suggest
that mucins in blood may affect activation of a variety of
cell types including antigen presenting cells and effector
cells [26, 27]. Synthetic MUCI1 peptides have been shown
to have immunosuppressive effects on T cell proliferative
responses as well [14-17]. MUC1 mixed with the other
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Fig. S Pre- and post-treatment
Western blot analyses of sera
from two patients who were
serologically negative (Patient
1) and positive (Patient 2),
respectively. Note that there was
no pre-treatment reactivity
against KLH or any other anti-
gens. Bands are seen post-treat-
ment, showing the presence of
antibodies to Globo H, Lewi-
s¥and KLH
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antigens may have affected the ability of the immune sys-
tem to “see” these other antigens. While the doses of indi-
vidual antigens were the lowest used previously, it may be
that in polyvalent vaccines higher doses are needed.
Within the context of this multivalent vaccine, the individ-
ual conjugates may (1) gain immunogenicity due to an
increased population of helper T cells against the carrier
protein (KLH) due to the increased KLH dose [18, 19] or
(2) lose immunogenicity secondary to a decreased popula-
tion of helper T cells due to anti-KLH antibodies resulting
from the increased KLH dose [20, 21, 22]. Antibody
response against individual antigens within a polyvalent
vaccine may also be decreased by the competition for a
limited number of carrier-specific helper T cells by
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epitopic overload [23, 24]. However, a heptavalent vaccine
administered to breast and ovarian cancer patients [26],
containing the same six conjugates plus sTn-KLH, resulted
in more potent antibody responses with the exception of
GM2. A gender difference may play some unidentified
role, but it is possible that following immunosuppressive
chemotherapy, these patients had fewer regulatory T cells
to interfere with immune responsiveness. This does not
explain why the antibody titers induced here were lower
than those in prior trials in this same prostate population.
A final possibility is that QS21, known to be labile [25],
was less active by the time it was vialed and frozen for this
trial. All three trials shared the low antibody response
against GM2 in contrast to the consistently high antibody
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Table 3 Univariate analysis: disease progression

Factor N P
Gleason <7 16 0.43
>8 10

T stage = 1-2 11 0.18
=3—4 15

N=0 23 0.49
= 1 3

Slope < 0.20 13 0.44
>0.20 13

PtxtPSA <34 13 0.64
>3.4 12

Slope continuous 0.89
PtxtPSA continuous 0.19
Table 4 Cross-tabulation analysis

Chg.12/treatment Radiation Surgery Surgery Fisher’s

+ radiation Exact p-value

<—=50% 2 2 4 0.6328
—50to —25% 1 0 1
—251t025% 1 5 2
25 to 50% 0 3 1
>50% 1 1 1

response seen in all patients on the monovalent GM2-KLH
plus QS-21 trial.

The patient population used for the vaccine trial was
high risk, based on their PSADT and time to PSA relapse of
less than 2 years. The vaccine did not seem to impact on the
time to radiographic progression of the disease. Five
patients remained on the study with 16 of the 25 (64%) pro-
gressing in either bone or lymph nodes. Nine patients
elected to discontinue observation due to anxiety over the
rises in PSA. Although there was no impact on the rate of
rise of the PSAs slopes [3, 10], there may be a subgroup for
whom vaccine strategies may be more suited [27] and
responses more enhanced using GM-CSF [28, 29], low
dose cyclophosphamide [30] or inhibition of CTLA-4 [31].
PSA doubling time is still not an established criterion for
reporting response nor are there sufficient data to suggest
that a change in PSA necessarily reflects a change in the
biology of the tumor. There is an on-going initiative which
focuses on how to improve the readout of vaccine trials for
this population. It remains unclear as to whether different
readouts for different types of investigational agents may be
needed as we go forward with clinical trials for this patient
population, as previously discussed in a paper by Scher
et al. [32].
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