TABLE fll. Patient Characteristics of Intervention Group
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Characterlstics No aggressive Tx (%) CTx andfor DLV (%) Second HCT (%) 4
Total no. of patients 25 i 48 20
Diagnosis H 0,083
AML 10 (40) 32 (67) 15 (75)
MDS 7 (28) 3(8) 3(15)
CML 2(8) 31(6) 0 (0}
ALL § (24} 10 {21) 2 (i0)
Aga 0.333
<50 11 (44) 28 (58) 13 (65)
>50 14 (56) 20 (42) 7 (35)
Malched related donor 0.143
Yes 8 (32) 27 (56) 9 (45)
No . 17 (68) 21 (44) 11 (55)
Digeass stalus at first HCT 0.105
CR . 7 (28) 26 (54) 9 {45)
non-CR 18 {72) 22 (48) 11 (55)
Time from first HCT to relapse 0.938
»100 days 16 {64) 31 {65} 12 {60)
«< 100 days 9 (36) 17 (35} 8 (40)

Tx. therapy; CTx, chemotherapy; HCT, hamatopoletic cell transplantation; AML, acute myelold leukemia; MDS, myelodysplastic syndromo; CML, chronic mysloid

leukemia; ALL, acute lymphold leukemia; CR, complete remission.

Interventions after relapse/progression

After the diagnosis of relapse or progresslon, the need
for salvage therapy was determined at a multiprofessional
conference, at which the clinlcal circumstances and the
-opinions of physicians and patients were welghed. The vari-
ous therapsutic options used after the diagnosis of relapse
are summarized In Table il and Fig. 1.

At the diagnosls of relapse or progression, 70 patients
had been recelving immunosuppression (median days after
inittal HCT, 125; range 15-705) and 63 of them had it with-
drawn before raceiving any other therapies.

After the diagnosis of relapse or progression, 63 patients
received relnduction chemotherapy with disease-specific reg-
imens, which included imatinib mesylate (CML, n = 4), all
trans-retinolc acld and arsenic trioxide (APL, n = 1), gemtu-
zumab ozogamicin (AML, 1 = 3), and intrathecal chemother-
apy alone for isolated CNS relapse (AML, n= 3; ALL, n= 1;
CML, n = 1). Overall, 27 of the 63 patients who received rein-
duction chemotherapy achleved CR (43%). Among the 27
patients who achieved CR, 18 proceeded to DLI (n = 7) or sec-
ond HCT (11 =11}, The remaining nine received no further ther-
apy other than chemotherapy; three patients with CNS relapse
were in remission, and the remalning six patients subsequently
progressed. Among the 36 patlents who did not achieve CR, 14
proceedsd to DLI (n = 7) or second HCT (n = 7), and the
remalning 22 did not receive further treatment because of vatl-
ous reasons (disease progression, n = 15; infection andfor
graft-versus-host disease (GVHD), n = 4; refusal, n = 3). Two
other patients proceeded to second HCT directly after disease
relapse with concomitant graft failure.

To compare the outcomes of the interventions after
relapse/progression, we divided the 93 patients into thres
cohorts according to the intervention, that is, no aggressive
therapy (Cohort 1, n = 25), reinduction chemotherapy and/
or DLI without second HCT {Cohort 2, n = 48), and second
HCT (Cohort 3, n = 20). There were no significant differen-
ces among the three groups in clinical characteristics such
as patlent age at the Initial HCT, diagnosis, donor in the ini-
tial HCT, disease status at the Initial HCT, and interval from
the initial HCT to relapse (Table ill).

No aggressive therapy (Cohort 1)

Among the 93 patients who relapsed, 25 (27%) received
no aggressive therapy with curative intent other than WIS
or less-intensive chemotherapy, mostly because of comor-
bidities and/or refractoriness of leukemia/MDS. Among the
10 patients who received WIS alone, only one achieved
CR, but this patient subsequently dled of bronchiofltis oblit-
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erans, All of the remaining eight patients who were given
less-intensive chemotherapy alone and seven who received
no therapy after relapse/progression died of disease progres-
sion without achieving CR. The median OS of the patients in
Cohort 1 was 61 days after relapse/progression and the
cause of death was primarlly disease progression.

Reinduction chemotherapy and/or DLI without second
HCT (Cohort 2)

Of the 63 patients who received reinduction chemother-
apy after relapse, 45 patlents did not receive a second
HCT; these 45 patients with or without subsequent DLI and
three other patlents who received DLI without preceding
chemotherapy wete placed in Cohort 2,

Overall, 16 {36%) of the 45 patients achieved CR as the best
response after reinduction chemotherapy. All three patients
with Isolated CNS relapse were alive In remission, whereas 11
of 13 patlents who had marrow relapse eventually relapsed.

After reinduction chemotherapy, 14 patients (AML, n = 9;
MDS, n= 1; ALL, n= 3; CML, n = 1) recelved DLI from the
same donor as in the initial HCT. The Initlal CD&posnive coll
dose of DLI ranged from 0.03 to 161 X 10%g (median:
2.9 x 10%kg), and the number of courses of DLI was one to
four, which were chosen according to the donor source or the
disease status of patients at the discretion of physiclans.
Although the remission rate of patients who received DLI after
chemotherapy was 50%, the incidence of NRM was also
rather high (29%, GVHD with or without Infection). The
median OS of patients who received DLI after relapse/pro-
gression was 194 days (range: 52~1,254), which was similar
to that of patients without DLI (167 days, range; 19~1,456),

Among the three patients who received DLI without pre-
ceding chemotherapy (AML, 1; MDS, 2), two achieved CR
but all of them eventually died: one with toxicity and two
with disease progression.

Second HCT (Cohort 3)

Table IV summarizes the profiles of 20 patients who
underwent a second HCT. The median age at the initial
HCT was 38 years (21-66 years) and 65% of the patients
were younger than 50 years. The median time from the ini-
tial HCT to relapse/progression was 152 days (range: 21—
1,211), and the median Interval between the initlal HCT and
the second HCT was 325 days (range: 126-1,310). Six
patients recelved HCT from the same donor as in the initial
HCT (HLA-matched related donor, n = 5; unrelated bone
marrow donor, n = 1), and the remaining 14 recelved the
second HCT from a different donor {(unrelated bons marrow
donor, n = 7; cord blood, n = 6; haploidentical related do-
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TABLE (v. Characteristics of Second Transplantation

Characterslles No of patlents second HCT (%)
Total 20
Age
<80 13 (65)
250 7 (35)
Diagnosis
AML 15 (75)
MDS 3(15)
CML 0(0)
ALL 2 {10)
Gender
Male 9 (45)
Famale 11 (65)
Time from first HCT to relapse
<100 days 8 (40)
>100 days 12 (60)
Time from first HCT to second HCT
«1 year 12 (80)
=1 year 8 (40)
Donor for tirstsecond HCT
Same 6 (30)
MRD-MRD 5
UBM-UBM 1
Different 14 (70)
uBM-UBM 4
MRD/CB-UBM 8
MRDABM-CB 8
Other 1
Conditloning for flrst/second HCT
Myolozblative v B {40)
Myeloablative-RIC 7 (35)
RIC-RIC 5 (25)
Slem cell source
8 (40)
PBSC 6 (30)
c8 7 (35)
Remission at second HCT
No 9 (45)
yes 11 (55)
GVHD prophylaxls
C8P-based 8 (40)
TAC-based 3 (15)
Others 3 (15)
GVHD
No 10 (50)
Yas 10 (50}
HGT, hematopolelic call transy I lon; AML, acule myelold lsukemla: MDS,

myelodysplastic syndrome CML.r chranlc myelold lsukemia; ALL, acute lymphold
leukemia; MRD, watched-related donor; UBM, unrelated bone marrow; CB, cord
blaod; RIC, reduced-intensity conditloning; PBSC, peripherel blood stem aell; CSP,
cyclosporln; TAC, tacrolimus. .
not, n = 1). Among the 15 patients who had received mye-
loablative conditioning for the initial HCT, eight received
myeloablative conditioning and seven received RIC for the
second HCT. The remaining five patients received both HCT
with RIC. Although the 1-year OS after relapse was bestter in
patients who received myeloablative. conditioning for the sec-
ond HMCT than In patients. who received RIC {100 vs, 87%,
P = 0.015), patients who received myeloablative conditioning
for the second HCT wera younger and had a longer Interval
betwesn the inftlal and the second HCT than those who
recefved RIC (P < 0.001 and P = 0.0086, respactively). There
was no difference in OS between patients who recelved a
second HCT from the same donor and those who had a
different donor {1-year OS: 44 vs. 60%, P = 0.48),

Two patients underwent immediate HCT after relapse
with concomitant graft fallure. Among the other 18 patients
who received reinduction chemotherapy before the second
HCT, 11 had achieved CR at the second HCT and seven
were nhot in CR. Four of the nine patients with nonremission
disease at the second HCT, including two patients who did
not receive reinduction chemotherapy, subsequently achieved
CR; only one of the nine patients is currently alive in CR.

Of the 20 patients who underwent a second HCT, eight are
alive with a median follow-up after relapse of 335 days (range:
181-997); five are in CR and three have recurrent disease.
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is available at www.intersclence.wlley.com.)

GVHD was newly diagnosed or interpreted to progress
after the second HCT in 10 of the 20 patients. The median
O8S after relapse in patients with GVHD after the second
HCT was 422 days (range: 181-897), and all of these
patients achieved CR as a best response. The median OS
after relapse for the remaining 10 patients without GVHD
was 314 days (range: 66-757), and five of them failed to
achieve CR as a best response.

Comparison of CR, NRM, and OS after relapse
following the initial HCT

The median OS after the development of relapse in the
93 patients who had relapse/progression was 184 days
(range: 5-1,456). Overall, 15 patlents (16%) are currently
alive with a median follow-up of 346 days (range; 33-1,456
days), and 10 of these patients are still in CR. Among the
78 patients who died, 69 died of dissase progression and
nine died of NRM (10%). The causes of NRM were GVHD
and/or infection in eight (Cohort 1, one patient; Cohort 2,
seven patients), and one early death after the second HCT
with hepatic failure, which accounts for the one case of
NRM for second HCT (Table ).

We compared the rate of CR, NRM, and OS after
relapse among the three different cohoris (Table 1I). As the
maximum response, the probabllities of achieving CR were
4% in Cohort 1, 38% In Cohort 2, and 75% in Cohort 3.
The NRM rates were 4, 15, and 5% for each group, respec-
tively. The median duration of remission after aghieving CR
was 177 days (range, 17-1,167). The median OS after
relapse/progression In patients who underwent a second
HCT (Cohort 3, 502 days) was significantly longer than
those in Cohort 1 (61 days) and Cohort 2 (194 days, P <
001, Fig. 2). The 1-year OS after relapse was significantly
better In patients with a second HCT (Cohort 3) than in the
other patients (Cohorts 1 and 2) (68 vs. 14%), However, there
was no significant difference In the 2-year OS, which sug-
gests that it Is difficult to maintain CR after a second HCT.

A multivariate analysis showed that CR after intervention
(HR 38.83, 95% Cl 2,06-7.11, P <.001), reinduction chemo-
therapy (HR 2.83, 95% Cl 1.65-4.86, P < .001), a second
HCT (HR 3.02, 95% Cl 1.58-5.79, P <.001), and a longer
time from the Initial HCT to relapss (HR 1.98, 95% Cl 1.21-
3.28, P = 0.007) were assoclated with an improved OS
after relapse/progression (Table V). Diagnosis, patient age
at initial HCT, gender, conditioning regimen, or donor in the
initial HCT and DLI were not significant factors.
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TABLE V. Univarlate and Muitivariate Analysis of risk Factors for OS after Relapse

Unlvariate analysls I, Mullivarlate analysis
Varlables HR (95%C) 4 P HR {85%C) P
Diagnosis - -
CML 1.00
AML 2,03 (0.62-6.65) 0.241
ALL 2.54 (0.71-9.00} 0.150
MDS 3,39 (0.94-12.24) 0.062
Age - -
<60 1.00
=50 1.63 {0.98-2.41}) 0.063
Gender - -
Male 1.00
Female 0.92 (0.69-1.43) Q.701
Conditioning - -
Myeloablative 1.00
RIG 1.34 (0.84-2.12) 0.218
Donor - -
MAD 1.00
Others 1.26 {0.80-1.97) 0.322
Disease Status at first HCT
Standard 1.00
High 1.23 (0.70~-2.12) 0,465
Time from Jirst HCT to relapse
2100 days 1.00 1.00
<100 days 1.74 (1.09-2.78) 0.020 1.99 {1.21-3.28) 0,007
Relnduction CTx
Yes 1.00 1.00
No 3.79 (2.24-6.40) <.001 2,83 {1.65-4.86) <.00%
CTx Intensity . - -
Relnduclion 1.00
Less Intensive 4.44 {2.00-9.88} <.001
DLt - -
Yos 1.00
No 1.00 (0.67~1.72) 0.968
Second HCT
Yes 1.00 1.00
No 2,88 (1,55-5.98) <.001 3,02 (1.68-5,79) <001
CR atter Interventions
Yes 1.00 1.00
No 3.54 (2.06-6.09) 2,001 8.83 (2.06-7.11) <.,001

Q8S, overall survival; CML, chronie myelald lsukemla; AML, acute myelold leukemia; ALL, acute lymphold feukemla; MDS, myelodysplastic syndrome; RIC, reduced-In-
tenslly conditioning: MRD, matched-related donor; HCT, hematopoletic cell transplantation; CTx, chemotherapy; DL, donor lymphocyte Infuslon; CR, complete remisslon,

Discussion

With this retrospective single-center survey In which we
compared the outcomes of Interventions for relapse/pro-
gresslon after allo-HCT, we showed that a second HCT sig-
nificantly improved the remission rate and survival. In con-
trast to previous reports (8~13, 15), NRM after a second
HCT was observed in an acceptable percentage of patients
(5%, even though 40% of the patlents received myeloabla-
tive conditioning regimen for the second HCT.

As salvage Interventions for leukemia/MDS relapsing af-
ter allo-HCT, chemotherapy, DLI either alone or in combina-
tion, and second HCT have been consldered with different
degrees of success. Consistent with reports from other
groups [1,4-6], we found that patients who did not undergo
intensive chemotherapy had significantly shorter survival,
Even though 43% of the patients who were given reinduc-
tlon chemotherapy achieved CR, all of the relapsed patients
who did not receive further intervention eventually relapsed
unless relapse Is isolated to CNS, and all but one patient
died. Prior reports have also suggested that, instead of a
cettain probability of obtaining remission with reinduction
chemotherapy, subsequent relapse Is frequently observed
and the prognosis Is poor when further immunotherapy ls
suspended [1,4,6,19].

Aithough DLI has been recognized as an effective treat-
ment for relapsed CML, the efficacy of DLI for relapsad
acute leukemia is rather discouraging [3,7,20-22]. Although
the remission rate has been reported to be 15-42%, the
survival rate has not improved (3-year OS less than 20%),
mostly because of a high incidence of uncontrolied GVHD
(10-50%). In our cohorts, survival was not improved by
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adding DLI after chemotherapy, although half of the
patients had achieved transient remission. The incidence of
NRAM after DLI was 28%, which was mostly explained by
GVHD, Compared to DLI, a second HCT ylelded an even
better remission rate and lower NRM in our cohort, which
could be respectively explained by the efficacy of the use
of conditioning radiochemotherapy and GVHD prophylaxis
in the second HCT. '

In our data, a second HCT significantly improved the
remission rate and survival compared to other interven-
tions, as proven by a multivarlate analysis. Although Are-
llano et al. [1] indicated that immunotherapy Including a
second HCT was effective compared to chemotherapy or
supportive care, other reports that compared interventions
after relapse following initial HCT failed to show the advant-
age of a second HCT [2,6,22]. Prlor reports that focused
on a second HCT have also expressed concems about the
negative impact of NRM, which has ranged from 24 to 75%
(8-183, 15). In contrast, our data revealed a 5% incidence
of NRM after a second HCT, which led to improved OS.
This unexpectedly low Incldence of NRM may reflect the
advances in GVHD prophylaxis and supportive care over
the past several years, Another possible explanation would
be a selection bias of fitter patients that led to less NRM
after the second HCT, although there were no significant
differences in available charactetisilcs of patlents in each
intervention group.

Concerning the conditioning regimen for the second
HCT, we found that patients who received myeloablative
conditioning had a better OS than patients who received
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RIC. Eapen et al. [9] indicated the importance of a tumor-
kiling efiect of myeloablative conditioning for the second
HCT compared to RIC. Other groups also reported a supe-
rior outcome of TBI-based myeloablative conditioning in the
second HCT [8,11}. On the other hand, several recent
reports have shown that RIC offers a toxlcity-reducing ben-
efit in the second HCT [10]. In our cohort, patients who
recelved myeloablative conditioning for the second HCT
were younger and had a longer interval from the initial HCT
to the second HCT, which could refiect a selection blas in
the choice of myeloablative conditioning. Therefore, mye-
loablative conditioning for the second HCT could be consid-
ered beneficial for selected patients,

Conslstent with several previous reports, we demon-
strated that remission status [4,6,8-12,14,22,23), the use
of reinduction chemotherapy [2,6], and a longer interval
from the Initial HCT to relapse [1,2,4,8-12,14,15,19,22-24)
were associated with improved OS after relapse by multi-
variate analysis. Most prior reports have shown that an
interval of 6 months or longer was associated with better
08, We found that patients who relapsed after 100 days
foliowing the initial HCT had better OS. However, relapses
after Infervals of 6 months or 1 year were not significantly
assoclated with Improved OS (data not shown).

Prior reports have also suggested that the development
of GVHD after a second HCT [2,7-9,13,15,24] and the use
of a different donor for the second HCT were assoclated
with a better outcome after the second HCT [10]. Our data
showed that both the remisslon rate and OS tended to be
improved In patients who developed newly diagnosed
GVHD after the second HCT, However, the use of a differ-
ent donor for the second HCT did not appear to offer any
advantage. Nevertheless, the small number of patients who
recelved a second HCT in our study limits our ability to
draw definite answers.

Although the 1-year OS after the second HCT was signif-
icantly better than that with other interventions (68 vs. 14%),
there was no significant difference in 2-year OS (22 vs. 10%).
The substantial decline in the survival curve in the second
HCT group after 1 year from relapse was cleatly related to re-
currence of the underlying diseases. Previous reports also
showed a dacline In survival in the later peried (<30% at 3-5
years from the second HCT) and a substantial relapse rate
after the second HCT (>40%) [9-11]. This evidence suggests
the need for the effective management of disease recurrence
after the second HCT.

Our study is limited by several inherent selection biases.
Most importantly, this is a retrospsctive study that compared
the outcomes of interventions that were chosen at the discre-
tion of physicians, although there were no significant differen-
ces in patient characteristics among the three cohorts. For
example, patients who successfully recelved intensive inter-
vertion such as a second HCT had to survive long enough
after relapse to be able to undergo adequate salvage chemo-
therapy with a rather controlled disease and less comorbidity.
Other limitations include the small number of patients, a short
follow-up period, and other fransplant variables that may have
affected the outcomes. Nevertheless, the present data in a
consecutive-case serles from a single center that reviewed
vatlous Interventions after relapse allowed us to identify the
factors that influenced the prognosis of patients with relapse/
progression after allo-HCT. .

In summary, these observations may have Important
implications for the selection of interventions in patients
who relapse after allo-HCT. Our data indicated that reinduc-
tion chemotherapy with curative intent Is required for pro-
longed survival, if feaslble. However, when CR is not avall-
able with chemotherapy, long-term survival may be unlikely
even with a second HCT. The second HCT may produce
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improved survival without excesslve toxicity. However, the
substantial Incidence of a later relapse after the second
HCT was revealed to be a major concern. Further studies
are warranted to Identify innovative post-transplant strat-
egles to reduce disease recurrence, including immunother-
apy such as a vaccination strategy.
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Intensive glucose control after allogeneic hematopoietic stem cell
transplantation: a retrospective matched-cohort study
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Some studies have shown that intensive glucose control
(IGC) improves outcome in the intensive care umit setting.
However, it is the benefit of IGC in hematopoietic SCT
(HSCT) that is not well defined, Between June 2006 and
May 2007, IGC was maintained prospectively after
allogeneic HSCT and clinical outcomes were compared
with a cohort matched for conditioning regimen, source of
stem cells, age and relation to donor. A strafified Cox
regression model was used., There were no significant
differences in baseline clinical characteristics. The median
age was 43.5 years in both groups. The primary diagnosis
was a hematologic malignancy, Patients in the IGC group
had a lower glucose level (least-square mean, 116.4 vs
146.8 mg per 100 ml, P<0.001) compared to the standard
glucose control group. The incidences of documented
infections and bacteremia were significantly lower in the
IGC group (14 vs 46%, P =10.004, 9 vs 39%, P=0.002,
respectively). IGC tended to reduce the incidence of renal
dysfunction (19 vs 37%, P=0.36) and the elevation of
C-reactive protein (18 vs 38%, P=0.13). This study
suggests that IGC has may have a beneficial effect after
HSCT. IGC should be evaluated further in a large
prospective, randomized study.

Bone Marrow Tramsplantation (2009) 44, 105-111;
doi:10.1038/bmt.2008,431; published online 19 January 2009
Keywords: intensive glucose control; allogeneic trans-
plantation; hyperglycemia; C-reactive protein

Introduction

Previous studies showed that intensive glucose control
(IGC), in which the target blood glucose level was
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set within 80-110mg per 100ml, reduced infections,
dysfunction of organs including the liver and kidney and
mortality compared to patients who received standard
glucose control.’® Although these results have been
confirmed in several subsequent studies,*” the precise
mechanism that underlies this association is unclear, In
animal models, it has been shown that insulin itself has a
direct inhibitory effect on the inflammation process.®?
However in human studies, it has been suggested that
these benefits could be directly attributed to IGC rather
than to any pharmacological activity of administered
insulin per se.*

Recipients of allogeneic hematopoietic SCT (HSCT),
which is the most drastic therapeutic modality in patients
with hematological malignancies, often suffer from
serious complications including infectious diseases, GVHD
and multiple organ failure. They are also at higher risk of
hyperglycemia because of the use of steroids for the
treatment of GVHD, the use of total parenteral nutrition
(TPN), immunosuppressive drugs and infections complica-
tions,!®!" which makes them further susceptible to
numerous serious complications including infectious
diseases and multiple organ failure.!*'* Our group
previously reported that hyperglycemia during neutropenia
was associated with an increased risk of acute GVHD and
nonrelapse mortality (NRM) after myeloablative allogeneic
HSCT,!* and that hyperglycemia during neutropenia was
associated with a higher incidence of subsequent acute
GVHD. It is well known that an increase in the levels of
circulating cytokines may aggravate hyperglycemia, and
hyperglycemia itself could increase the levels of cytokines.
This vicious cycle could lead to elevated cytokine levels,
which could lead to subsequent acute GVHD. With this
background, it can be hypothesized that IGC would reduce
the incidence of infectious diseases, acute GVHD and
organ dysfunctions after allogeneic HSCT. Therefore, we
prospectively investigated the effect of IGC after allogeneic
HSCT, and compared the clinical outcomes to those in a
matched cohort to address whether IGC following allo-
geneic HSCT could improve the clinical course of patients,
that is, reduction of infectious diseases and organ dysfunc-
tion, as has been shown in the intensive care unit (ICU)
setting.
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Patients and methods

Patients

From June 2006 to May 2007, a total of 73 patients
received allogeneic HSCT at the National Cancer Center
Hospital (Tokyo, Japan); 60 patients were eligible for
participation in this trial. Finally, 22 patients (36.7%) wete
enrolled in this IGC study to keep the blood glucose level at
80-110mg per 100ml, as shown in Figure 1.

Study center and organization

The National Cancer Center Hospital in Tokyo holds 600
beds. The transplant team consists of 4 full-time physicians
and 26 nursing staff who oversee 26 beds in the HSCT, and
the entire ward is covered by high-efficiency particulate air-
filters. We regularly perform 90-120 transplants per year:
80% allogeneic and 20% autologous.

Study design

This was a case-control study to investigate the clinical
benefits of comprehensive nutritional support including
IGC and parenteral nutrition (PN) management, which
was approved by the Institutional Review Board. A
matching control group was selected among patients who
received HSCT from January 2002 to March 2007 (ratio of
1:2 compared to the study group) according to the
following criteria: (1) conditioning regimen (conventional
myeloablative or reduced intensity), (2) source of stem cells
(BM, peripheral blood or cord blood), (3) age and (4)
source of donor (related or unrelated). Criteria (1-4) were
essential for inclusion. As a result, 42 matched controls
were selected, and a total of 64 patients were subjected to
further analysis (Table 1),

Exclusion criteria

Exclusion criteria were as follows: (1) patients who received
a reduced-intensity conditioning regimen for an HLA-
matched related donor, as we applied GVHD prophylaxis
without shost-term MTX in this setting, and they had much
less need for TPN and less need for intense glucose
control,'¢ (2) those with a poor performance status (Eastern
Cooperative Oncology Group) >2, (3) those with uncon-

Allogenic hematopoistic stem cell transplantation
N=73

Ineliglble
N=13

Elfigible
N=60
Non-participants
N=38
Participants
N=22

Figure I Trial profile,
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trolled infectious diseases at the beginning of the con-
ditioning regimen and (4) those with preexisting
neutropenia. We previously reported that the incidence of
severe stomatitis (Common Terminology Criteria for
Adverse Events (CTCAE) pgrade (3) was 0% after
reduced-intensity SCT (RIST) from a related HLA-
matched donor.'s In this situation, the need for TPN and
the incidence of hyperglycemia weie quite low, compared to
RIST from an unrelated donor, which included additional
low-dose TBI or antithymocyte globulin (ATG) and short-
term MTX or conventional SCT with a myeloablative
regimen, Hence, we only included patients who received a
RIST regimen from an unrelated donor, who had a higher
probability of glucose-control intervention, to evaluate the
beneficial effects of IGC.

Table 1 Patients’ characteristics
Variable N (% ) [median {range) P-value
Intensive glucose Standard glucose
comtrol (n=22) control (n=42)
Age (years) 43.5 (17-64) 43.5 (20-66)
<40 8 (36) 18 (43) 0.62
240 14 (64) 24 (57)
Sex
Male 9 (41) 22 (52) 0.38
Female 13 (59) 20 (48)
Disease risk®
Standard 6 (27) 16 (38) 0.39
High 16 (73) 26 (62)
Conditioning
CST 14 (64) 27 (64
BU/CY 9 (40) 18 (43)
CY/TBI (12Gy) 4 (18) 6(l4)
Other 1(5) iMm
RIST 8 (36) 15 (36) 0.96
2CdA/BU L (5) 1(2)
Flu/BU 7(32) 14(33)
Low-dose TBI (2-4 Gy) 3(149 77
Low-dose ATG 5 (23) 10 (24) 0.92
GVHD prophylaxis
Cyclosporin-based 732) 27 (64)
Tacrolimus-based 15 (68) 15 (36) 0.01
Short-term MTX (+) 22 (100) 40 (95) 0.30
Relation 10 donor
Related 6 (27) 12 (29)
Unrelated 16 (73) 30 (71) 0.91
Stem cell source
Bone marrow 15 (68) 30 (71)
PBSC 5(23) 10 (24)
Cord blood 209 2(5) 0.19
HLA match.
Match 11 (50) 28 (67)
Mismatch il (50) 14 (33) 0.19

Abbreviations:  ATG =antithymocyte  globulin;  2CdA =cladribine;
CST =conventional stem cell transplantation; Flu =fludarabine;
RIST =reduced-intensity stem cell transplantation.

Standard-risk patients included those with acute leukemia in first complete
remission, chronic leukemia in first chronic phase, MDS in refractory
anemia and NHL in complete remission, and the remaining patienis were
categorized as high risk,
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Transplantation procedures

Forty-one patients received a myeloablative conditioning
regimen that included BU (orally 4 mg/kg per day x 4 days
or i.v. 3.2mg/kg per day x 4 days) plus CY (60mg/kg per
day x 2 days, n=27), CY plus 12 Gy TBI (n=10) or other
(n=4). Twenty-three patients received a reduced-intensity
conditioning regimen that included fludarabine (30 mg/m?
per day x 6 days) or cladribine (0.11mg/kg per dayx 6
days) plus BU (oral 4 mg/kg per day x 2 days or i.v. 3.2 mg/
kg per day x 2 days). Low-dose TBI (2 or 4Gy, n=10)
and/or low-dose ATG (total dose 5-10mg/kg ATG-F or
Smg/kg thymoglobulin, n=15) were added. GVHD
prophylaxis included CYA- (1= 13) and tacrolimus-based
regimens (n=51), with an additional short course of MTX.
G-CSF was administered in all patients from day -+ 6 after
transplantation until engraftment. Most patients received
ciprofioxacin (200 mg orally three times daily) for bacterial
prophylaxis after the beginning of the conditioning regimen
until neutrophil engraftment. Fluconazole (100mg once
daily) was administered for fungal prophylaxis after the
beginning of the conditioning regimen. Low-dose acyclovir
was given for prophylaxis against herpes simplex virus and
VZV after the beginning of the conditioning regimen until
immunosuppressive agents were discontinued. Prophylaxis
against Pneumocystis jiroveci infection consisted of tri-
methoprim-sulfamethoxazole (400mg of sulfamethoxazole
once daily) from the first day of conditioning to day ~3 of
transplantation, and from day + 28 until day + 180 or the
cessation of immunosuppressive agents, Patients who
developed fever during the neutropenic period were treated
with cefepime or other cephalosporin, and additional
agents including vancomycin, aminoglycosides and am-
photericin B were given as clinically indicated. Neutrophil
engraftment was defined as the first of 3 consecutive days
after transplantation that the ANC exceeded 0.5 x 10° per 1,

Glucose management protocol

In the IGC group, the blood glucose level was routinely
tested every morning to adjust the dose of insulin so as to
keep the level within the range of 80-110mg per 100ml,
Owing to the presence of fewer nursing staff in the HSCT
unit than in the ICU, we replaced the continuous infusion
of insulin with the addition of Humulin R to the bottle of
PN to control the glucose level within the target range. In

Table 2 Protocol for adjustment of Humulin R

Intensive glucose controf after HSCT
S Full et al

TPN, 'we universally added at least | unit of Humulin R per
10 g glucose. In patients who had an elevated blood glucose
level, we also added Humulin R to the bottle of PN, We
monitored the glucose level at least once a day in the
morning as long as the level remained within the target
range of 80-110mg per 100ml. When the glucose level
became elevated, we increased the frequency of monitoring
up to 2-4 times daily. In most patients, we adjusted the
dose of insulin added to the bottle of PN as described in
Table 2. When the blood glucose level was > 180 mg per
100ml or the dose of insulin was high, we manually
adjusted the dose of Humulin R and administered insulin
subcutaneously according to the attending physician’s
discretion. S.c. insulin administration usually consisted of
3-5units at the beginning, and, if this was insufficient, the
dose was manually adjusted by 2—4 units. When the patients
received high-dose systemic steroid such as methylpredni-
solone 1-2mg/kg per day for GVHD, we used the
preprandial s.c. injection of insulin Aspart (NovoRapid)
three times daily to avoid postprandial hyperglycemia and
adjusted the dose according to the amount of food intake
and the postprandial glucose level. When patients exhibited
nausea, anorexia or vomiting, the amount of food intake
became unstable. In such situations, insulin Aspart was
injected immediately after the meal, When food intake was
<50%, the dose was reduced or discontinued, ‘Routine
glucose monitoring was continued until PN was stopped,
whereas the blood glucose level was maintained within the
target range, Daily caloric intake was calculated by the
dietitians. We tried to maintain oral intake as much as
possible by using a suitable diet in jelly or liquid form. A
dietitian adjusted the dose of supplemental PN to maiatain
the total caloric intake over 1.0 x basal energy expenditure
(BEE), and if the glucose level was stable, the nutritional
intake could be increased up to 1.5x BEE. The glucose
concentration in PN was usually started at 7.5% glucose as
supplemental PN. The concentration was gradually
increased to 12%, and, if necessary, this was further increased
up to 18% to meet the target caloric intake. A lipid
emulsion was also used to supply 10-30% of total caloric
intake. The minimal total nutritional intake was set at
1.0 x BEE because a retrospective analysis at our institute
showed that calorfcintake of more than 1.0 x BEE was not
associated with clinically significant wt loss.!” To improve
the glucose control, this level was set to be slightly lower

Glucose level (mg per 100ml)

Adjustment of Humulin R

BS<40
40<BS<60
60<BS<80

80<BS< 10
110<BS<130
130<BS <150
150<BS <180
BS>180

i.v. 50% glucose 20 m! and recheck the glucose level

Reduce the dose of Humulin R to 40-60% of the original dose
i.v. 50% glucose 20 m} and recheck the glucose level

Reduce the dose of Humulin R to 60-80% of the original dose
i.v. 50% glucose 20 ml and recheck the glucose level

Reduce the dose of Humulin R to 70-90% of the original dose
No change

Increase the dose of Humulin R to 110--120% of the original dose
Increase the dose of Humulin R to 120-130% of the original dose
Increase the dose of Humulin R to 130-150% of the original dose
Manually adjust the dose of Humulin R combined with sliding
subcutaneous insulin administration

Abbreviation; BS =blood sugars.

107

Bone Marrow Transplantation

~ 225 ~



Intensive glucose control after HSCT
S Fuli et al

108

than the recommendation in the HSCT setting (1.3-1.5 %
BEE'), There are two beneficial aspects of this protocol:
we could maintain the minimal caloric intake with
supplemental PN and we could immediately start insulin
as required after the introduction of PN, The SGC group
was managed without a specific protocol for nutrition
practice and glucose control, although we routinely
monitored blood glucose at least three times weekly to
avoid severe hyperglycemia (blood glucose >200mg per
100 mi).

Outcome measures

Serially monitored glucose values were compared between
the IGC group and the SGC group. We also analyzed the
association between the mean glucose level during mon-
itoring and the infection rate in both the SGC group and
IGC group. Mean glucose levels were estimated for each
patient and were categorized as follows: 80-110, 111-140,
141-179 and > 180. Glycemic variability, defined as the s.d.
of the mean glucose value, was also analyzed. The outcome
measures were time to the occurrence of documented
infectious complications within 100 days after HSCT, time
to each organ dysfunction defined as described below, time
to grades II-IV and grades III-IV acute GVHD and time
to NRM. These were calculated from the date of the start
of the conditioning regimen. Organ dysfunction was
defined with reference to van den Berghe™7 as follows: (1)
hypercreatininemia; serum creatinine level >2.0mg per
100 m! or more than twice the baseline, (2) hyperbilirubi-
nemia; serum total bilirubin level >2.0mg per 100ml and
(3) increased inflammatory markers; serum C-reactive
protein (CRP) level >15mg per 100ml. In our institute,
the CRP level was routinely monitored at least three times a
week, as we previously reported that the preengraftment
CRP level may predict a subsequent occurrence of acute
GVHD and NRM after allogeneic HSCT.!? These results
suggested that CRP might be useful not only as a marker of
infectious diseases but also as a surrogate marker for
produced cytokines. Therefore, the serial changes of CRP
level were compared between the two groups. Acute
GVHD was graded by the consensus criteria,?®

Statistical analyses

Baseline characteristics were summarized using descriptive
statistics, The Student’s ¢, ¥* and Wilcoxon rank-sum tests
were used to compare clinical and patient characteristics,
The probability of documented infectious complications
and organ dysfunction were calculated using Kaplan-Meier
estimates, A stratified Cox regression model, which
accounts for the matched-cohort design, was used to
estimate hazard ratios (HRs) and 95% confidence intervals
(CIs). On the basis of 64 patients, the study has an
approximately 80% power to detect a2 HR of 0.5 for
documented infections. The glucose values, measured
repeatedly, were compared between groups using a
repeated-measure analysis with a linear mixed-effect model.
A level of P<0.05 was defined as statistically significant.
All P-values are two-sided. All analyses were performed
using SAS version 9.1.3 (Cary, NC, USA).

Bone Marrow Transplantation

lllesults

Ratient characteristics

Table 1 lists the patients’ clinical and transplantation
characteristics. Patients and transplantation characteristics
were well balanced with the application of matching
criteria. Nevertheless, in the IGC group, more patients
received tacrolimus for GVHD prophylaxis (68 vs 36%,
P=0.01) and more had a previous transplantation (32 vs
7%, P=0.01). The median duration of follow-up in
surviving patients was 299 days (range, 78-607 days) in
the IGC group and 1146 days (range, 3291774 days) in the
SGC group.

Glycemic control

Duration of monitoring and number of tests. The median
duration of glucose monitoring and intervention in the IGC
group was 38 days (range, 24-70 days) after the start of the
conditioning regimen, The total number of glycemic
monitorings was 867 and 1094 in the SGC group and
IGC group, respectively.

Mean values and distribution of values. Patients in the IGC
group had a lower glucose level (least-square mean, 116.4
vs 146.8mg per 100ml, P<0.,001) than the SGC group.
The trend of the glucose value is shown in Figure 2a,’
All glycemic results for the SGC and 1GC groups were
stratified into six levels: <40, 40-79, 80-110, 111140, 141-
179 and >180, as shown in Figure 2b.

Hypoglycemia

In the IGC group, the incidence of mild hypoglycemia
(CTCAE grades 1-2, glucose level 40-69 mg per 100ml)
was significantly higher than that in the SGC group (11 vs 3
patients, P<0.001). Although one patient (4.5%) in the
IGC group who was diagnosed as type 2 diabetes mellitus
developed severe hypoglycemia (CTCAE grade 3, glucose
level 30-39mg per 100ml) with faintness, no patient
developed seizure or loss of consciousness.

Glycemic variability

The mean glycemic variability in the SGC group and IGC
group was 37.2mg per 100ml (range, 10.1-121,7mg per
100 ml) and 27.5mg per 100ml (range, 11.3-46.6 mg per
100 m}), respectively, and glycemic variability in the IGC
group tended to be lower than that in the SGC group
(P=0.07).

TPN and insulin dosing

The percentage of patients who received TPN was 60% (25
patients) and 77% (17 patients) in the SGC group and the
IGC group, respectively. The mean duration of TPN was 9
days (range, 0-35) and 13 days (range, 0-38) in the SGC
group and IGC group, respectively. There was a tendency
for more patients in the IGC group to receive TPN
compared to the SGC group, but this difference was not
statistically significant, The mean maximal dose of insulin
(median (range), 51 (0-100) vs 2 (0-110) IU, P<0.001) and
the mean maximal dose of insulin per 1 g parenteral glucose
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were significantly higher in the IGC group (median (range),
0.22 {0-0.71) vs 0.003 (0-0.4)IU/g glucose, P<0.001).

Infections
Table 3 summarizes the results. In the IGC group,
dramatically fewer patients developed documented infec-
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Figure 2 Serial changes in the mean glucose level in the intensive glucose
control (IGC) and standard glucose control (SGC) groups. Values are
mean + s.c. (&), The distribution of the glucose values in IGC and SGC is
shown as a histogram (b).

Intenslve glucose control after HSCT
shyietal

tions Iwithin 100 days compared to the SGC group, as
shown in Figure 3.
1

1

Relation to mean glucose level

We also analyzed the association between the mean glucose
level during monitoring and the infection rate in both the
SGC and IGC groups. The incidence of infection was 34,
17, 67 and 40%, respectively, with mean glucose levels of
80110, 111-140, 141-179 and > 180. When we compared a
lower glucose-level group (mean glucose level of 80-140)
with a higher glucose-level group (mean glucose level of
> 140), the incidence of infection was significantly higher in
the latter group (28 vs 57%, P =0.042), When we assessed
only patients with a lower glucose level, the IGC group
tended to show a lower incidence of infectious diseases than
the SGC group (14 vs 41%, P=0.061).

Relation to glycemic variability

We also analyzed the association between glycemic
variability and the infection rate. The mean glycemic
variability in patients with and without infection was
34.6mg per 100ml (range, 10.5-121.7mg per 100 ml) and
33.3mg per 100ml (range, 10.1-110.6mg per 100ml),
respectively, with no significant difference. As the impor-
tance of glycemic variability could vary among patients

1.0-
P=0.004
0.8
0.6¢ Stantlard glicose control {n=42}
W»W-m\

0.4

0.2 Intensive glucose control {n=22)

T O e s . ot o
0.0 424
0 50 100

Figure 3 Probability of documented infections in the IGC and SGC
groups.

Table3  Incidence of infectious diseases and organ dysfunction
Variable N (% }/median (range)
Intensive glucose Standard glicose HR (95% CI) P-value
control n=22 (%) control n=42 (%)
Documented infection 13 46 0.17 (0.04-0.75) 0.004
Bacteremia 9 39 0.10 (0.01-0.74) 0.002
Organ dysfunction
Hyperereatininemia® 19 37 0.60 {0.19-1.88) 0.36
Hyperbilirubinemia® 28 31 1.05 (0.38-2.91) 0.93
Increased inflammatory markers® i8 38 0.45 (0.15-1.37) 0.13

Abbreviations: CI =confidence interval.

“Serum creatinine level >2.0 mg per 100 ml or more than twice of baseline,

bSerum bilirubin level >2.0 mg per 100 ml.
*Serum C-reactive protein level >15mg per 100ml.
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with different mean glucose levels,?' we divided the patients
into two groups based on mean glucose level 80-140 or
140 4+ and then determined whether glycemic variability
was associated with an increased incidence of infections.
However, there was no significant association between
glycemic variability and the incidence of infections in both
groups.

CRP levels

Figure 4 shows serial changes in the CRP level. Even
though there was no difference in the CRP level between
the two .groups at the beginning of the conditioning
regimen, the CRP level was significantly elevated in the
SGC group compared to that in the IGC group 15 days
after the beginning of the conditioning regimen, and this
trend continued up to 40 days (P<0.05). The maximal
CRP level during the neutropenic period in the IGC
group was significantly lower than that in the SGC
group (median (range), 6.9 (0.9-16.3) vs 11.5 (1.6-37.3),
P=0.007).

Other clinical outcomes

The probability of grades II-1V acute GVHD within 100
days was 28 and 37% in the IGC and SGC groups (HR
1.05, 95% CI 0.38-2.91, P =0.93). The incidences of grades
I11-1V acute GVHD and NRM within 100 days were low in
both groups (one and two patients, and one and one
patient, in the IGC and SGC groups, respectively).

Discussion

This is the first study to evaluate the outcomes in allogeneic
HSCT patients who were treated with a glucose manage-
ment protocol. A salient finding of this study is that the
incidence of documented infections, especially the incidence
of bacteremia, was significantly lower in the IGC group
than in the SGC group, as in a previous report in the
ICU setting.' Moreover, there tended to be fewer organ
dysfunctions in the IGC group, albeit this difference was
not statistically significant. Furthermore, the CRP level,

{mg per 100 ml}
12

+4 Standard glucose control
W& Intensive glucoss contrul

C-reactive protsin level

{Days)

Figure 4 Serial change in the CRP level in the IGC and SGC groups,
Values are mean +s.e.
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which might be a surrogate marker for produced cyto-
kines,' was significantly lower in the IGC group than in
the SGC group, as shown in Figure 4. Even though this
study did not have enough power to detect a decrease in
acute GVHD and NRM, it could be anticipated that IGC
could reduce the CRP level, which would lead to a reduced
incidence of acute GVHD and NRM.

This study has several limitations, One limitation is that
only 64 patients were analyzed with no sufficient power to
demonstrate any statistically significant changes in the
incidences of organ dysfunctions, which was similar to the
result in a previous report in the ICU.'? An additional
limitation was that the control of the glucose level could be
suboptimal. This could be because of the glucose control
protocol, which included monitoring of glucose level and
the administration of insulin. With regard to the adminis-
tration of insulin, we replaced the continuous infusion of
insulin with the addition of Humulin R to the bottle of PN
to control the glucose level within the target range because
of the presence of fewer nursing staff in the HSCT unit
than in the ICU, This could delay the normalization of
hyperglycemia. Bven though severe hyperglycemia
(> 180 mg per 100 ml) was reduced, a glucose value within
the normal range (80-110 mg per 100 ml) could be achieved
in only 49% of the IGC group as shown in Figure Ib. From
a methodological point of view, it might be inappropriate
to simply count the number of glucose value measurements,
as patients with hyperglycemia were monitored more
frequently, as defined in this protocol. Furthermore, as
the mode of glucose monitoring was quite different between
the IGC group and the SGC group, it could be
inappropriate to compare the glucose values. A future
protocol should include a more appropriate monitoring of
glucose level and administration of insulin system that
assures the fine tuning of glucose levels within the target
range. Finally, there was a possible selection bias that may
have affected the results, as this study was not a
randomized-control study and there were many nonparti-
cipants. However, the incidence of documented infections
in nonparticipants within 100 days after allogeneic HSCT
was 42%. Therefore, the reduction in the incidence of
documented infections in the IGC group could not simply
be explained by other causes such as the selection of
antibiotics or catheter management.

With these limitations in mind, we took several steps to
improve the quality of the study. First, we carefully
matched patients and transplantation characteristics. Sec-
ond, the IGC strategy was applied prospectively. Third, the
low rate of patients who developed clinically significant
hypoglycemia should be emphasized. As previously re-
ported, the IGC procedure becomes very difficult in the
medical ICU, especially in patients who have sepsis, a high
APACHE score or mechanical ventilation.**2%* The low
rate of hypoglycemia could be because the medical acuity
of our patients were relatively mild compared to those of
patients in the medical ICU. Moreover, patients under-
going HSCT are younger and might have better p-cell
function. The low rate of hypoglycemia could be important
for maximizing the benefit of IGC because severe hypogly-
cemia could be associated with an increased risk of
mortality.*?
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The biological plausibility of the intervention should be
discussed, The reduction in infectious diseases by IGC may
reflect the deleterious effects of hyperglycemia on macro-
phage or neutrophil function or insulin-induced protective
effects on mucosal and skin barriers,2*” The improvement
of innate immunity could be quite important, especially
during the period of granulocytopenia after allogeneic
HSCT. The protection of mucosal tissues could reduce
bacterial translocation, which might lead to a reduced
incidence of sepsis.

In conclusion, our results suggest that prospective IGC
reduced the incidences of infectious diseases and organ
dysfunction after allogeneic HSCT. To confirm these
findings, a larger, prospective randomized-controlled trial
is warranted.
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A Novel Antiangiogenic Effect for Telomerase-Specific
Virotherapy through Host Immune System’

Yoshihiro Ikeda,* Toru Kojima,* Shinji Kuroda,* Yeshikatsu Endo,* Ryo Sakai,*
Masayoshi Hioki,* Hiroyuki Kishimoto,* Futoshi Uno,* Shunsuke Kagawa,*'
Yuichi Watanabe,* Yuuri Hashimoto,* Yasuo Urata,’ Noriaki Tanaka,*

and Toshiyoshi Fujiwara®*'

Soluble factors in the tumor microenvironment may influence the process of angiogenesis; a process essential for the growth
and progression of malignant tumors. In this study, we describe a novel antiangiogenic effect of conditional replication-
selective adenovirus through the stimulation of host immune reaction. An attenuated adenovirus (OBP-301, Telomelysin), in
which the human telomerase reverse transcriptase promoter element drives expression of E1 genes, could replicate in and
cause selective lysis of cancer cells. Mixed lymphocyte-tumor cell culture demonstrated that OBP-301-infected cancer cells
stimulated PBMC to produce IFN-y inte the supernatants. When the supernatants were subjected to the assay of in vitro
angiogenesis, the tube formation of HUVECs was inhibited more efficiently than recombinant IFN-y. Moreover, in vivo
angiogenic assay using a membrane-diftusion chamber system s.c. transplanted in nu/nu mice showed that tumor cell-induced
neovascularization was markedly reduced when the chambers contained the mixed lymphocyte-tumor cell culture super-
natants. The growth of s.c. murine colon tumers in syngenic mice was significantly inhibited dne to the reduced vascularity
by intratumoral injection of OBP-301. The antitumor as well as antiangiogenic effects, however, were less apparent in SCID
mice due to the lack of host immune responses. Our data suggest that OBP-301 seems to have antiangiogenic properties
through the stimulation of host immune cells to produce endogenous antiangiogenic factors such as IFN-y. The Journal of

Immunology, 2009, 182: 1763-1769,

ngiogenesis is the development of new capillaries from

preexisting capillary blood vessels and is necessary

for the growth of solid tumors beyond 1-2 mm in
dimmeter (1). Targeting the angiogenic process is therefore re-
garded as o promising strategy in cancer therapy. Angiogenesis
consists of dissolution of the basement membrane, migration
and proliferation of endothelial cells, canalization, branching
and formation of vascular loops, and formation of a busement
membrane (2). These steps might be regulated by the local bal-
ance between the amount of angiogenic stimulators and inhib-
itors (3-5). As cells undergo malignant transformation, angio-
genic mitogens such as vascular endothelial growth factor
(VEGF),® basic fibroblast growth factor, platelet-derived epi-
thelial cell growth factor, and TGF become dominant, causing
the aberrant angiogenesis. In contrast, many endogenous angio-

*Division of Surgical Goeology, Depattment of Surgery. Okayama University Grad-
vate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama, *Center
far Gene and Cell Therapy, Okayama University Hospital, Okayama, and *Oncolys
BioPhanva, Tokyo, Japun

Received for publication July 22, 2008. Aceepled for publication November 26, 2008.

The costs of publication of this article were defrayed in parl by the payment of page
charges. This article must therefore be hereby warked advertisement in accordance
with 18 U.S.C, Section 1734 solely to indicate this fact,

! This work was supported by Grants-in-Aid from the Ministry of Education, Science.
and Cuhwre, Japan (to T.F.) and grants trom tbe Ministry of Heatth and Welfare,
Japan (o T.F.).

2 Addsess corespondence and reprint reguests to Dr. Toshiyoshi Fujiwara, Center for
Gene and Cell Therapy, Okayama University Hospital, 2-5-1 Shikata-cho, Okayama
700-8558. Jupan. E-mail address: toshi_{@md.okaysmu-v.ac.jp

3 Abbreviations used in this paper: VEGF, vascular endothelial growth factor; MLTC,
mixed lymphocyte-tumor celt cubture; MOL, maltiplicity of infection.

Copyright © 2009 by The American Association of Immunoogists, tne, 0022- 1767/09/52.00

www jinununol.org

genic inhibitors such as platelet factor 4, thrombospondin 1,
angiostatin, endostatin, various antiangiogenic peptides, hor-
mone metabolites, and cytokines constitutively suppress angio-
genesis in normal tissues (6). These scenarios suggest the pos-
sibility that endogenous angiogenic inhibitors that outweigh the
stimulators could turn off the angiogenic switch.

Recent studies have demonstrated that the tumor microenvi-
ronment, which orchestrates with the host immune system, is a
critical component of both tumor progression and tumor sup-
pression (7). Indeed, the production of cytokines at tumor sites
can either stimulate or inhibit tnmor growth and progression
(8). These findings provide a unique therapeutic opportunity
based on selective and locoregional production of endogenous
antitumor mediators such as angiogenic inhibitors. We reported
previously that telomerase-specific replication-competent ade-
novirus (Telomelysin, OBP-301), in which the human telomer-
ase reverse transcriptase promoter element drives the expres-
sion of E/A and E/B genes linked with an internal ribosomal
entry sequence, induced selective E1 expression and efficienty
killed human cancer cells, but not normal human fibroblasis
(9-12). Although the precise molecular mechanism of OBP-
301-induced cell death is still unclear, the process of oncolysis
is morphologically distinct {rom apoptosis and necrosis. We
found that tumor cells killed by OBP-301 infection could stim-
ulate host immuae cells more efficiently compared with chemo-
therapeutic drug-induced apoptotic cells and necrotic cells by
freeze/thaw, thus enhancing the antitwmor immune response
(13). These results suggest that oncolytic virus is effective not
only as a direct cytotoxic drug but also as an immunostimula-
tory agent that could modify the tumor microenvironment.

In the present article, we explored whether OBP-301-infected
oncolytic cells can activate host immune cells and influence umor
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cell-mediated angiogenesis in vitro and in vivo. Antineoplastic ef-
fect of intratumoral administration of OBP-30! on s.c. murine co-
lon tumors transplanted was compared in syngenic immunocom-
petent mice and SCID mice. Finally, we examined the effect of
neutralizing anti-1IFN-y Ab on OBP-301-medialed antiangiogenic
potential in vivo,

Materials and Methods

Cell lines and reagents

The human colorectal carcinoma cell lines SW620 (HLA-A02/A24) and
the murine colon sdenocarcinoma celf fine Colon-26 were maintained in
vitro in RPMI 1640 supplemented with 10% FCS, 100 U/l penicillin, and
100 mg/ml streptomyein. Recombinant human IEN-vy was purchased from
Peprotech.

Mice

Femuale BALB/c (BALB/CAaNCrICrlj), BALB/e nu/mu (CAnN.Cg-
Foxn1"ICrCr), and SCID (CB I TAer-Prde® ICHCT) mice. §-6 wk
of age. were purchased from Charles River Japan Breeding Laborato-
ties. Animals were housed under specific pachogen-free conditions in
accordance with the puidelines of the Institutional Animal Care and Use
Committee,

Adenovirus

The recombinant replication-selective, twmor-specific adenovirus vector
OBP-301 (Telomelysin}, in which the human telomerase reverse transerip-
tase promoter clement drives the expression of E14 and EfB genes linked
with an inlernal ribosomal entry sequence, was constructed and previously
characterized (9-12), The virus was purified by CsCl, step gradient ultra-
centrifugation followed by CsCl, linear gradient ultracenbrifugation.

Cell viabiliry assay

XTT assay was perforined to measure cefl viability. Briefly, cells were
plated on 96-well plates at 5 X 107 per well 24 h before trentment and then
infected with OBP-301, Cell viability was determined at the times indi-
cated by using a Cell Proliferation kit 1t (Roche Molecular Biochemicals)
according to the protecol provided by the munufacturer.

Mixed lvmphocvie-tumor cell cutture (MLTC) and cytokine
production assay

For MLTC, SW620 tumor cells were infected with OBP-301 at a multi-
plicity of infection (MOD) of 10, washed three times in PBS 72 h after
infection. and theo cocuftured with PBMC at a rativ of 1:40, The super-
nutant was collected at the indicated times and stoved ot —80°C until assay.
'The concentration of IFN-y was measured with ELISA kits {BioSource
fnternational).

In vitro angiogenesis assay

in vitro angiogenesis was assessed based on the {ormation of capillary-
like structures by HUVECs coculiured with human diploid fibroblasts
according to the ipstructions provided with the angiogenesis kit
(Kurabo), In brief, the HUVECs were incubaled in a mediwm containing
the diluted supernatants of MLTC or recombinant IFN-y in the presence
or absence of VEGF (10 ng/ml). The medium was replaced at days 4,
7, and 9. At day 1, the HUVECs were fixed and stained by using an
anti-human CD31 Ab (Kurabo) according o the instructions provided.
The formation of the capillary network was observed with 4 microscope
at a magnification of x40,

In viva assay for wnor angiogenesis

In vivo angiogenesis was determined using the dovsal air-sac method
(14). Briefly, 2 X 10° SW620 cells were suspended in PBS containing
the difuted supernatants of MLTC or control medium, and placed into
round-shaped chambers that vonsisted of a ring covered with cellulose
ester filters (pore size, 0.45 pm: Millipore) on both sides. These cham-
bers were implanted into a dorsal air sac produced in female BALB/c
nii/ny mice by the injection of 10 ml of air. Five mice in each group
were sacrificed on day §, and the formation of a dense capillary network
in s.c. regions was examined under a dissecting microscope. The neo-
vascularization way assessed semiguantitatively by counting the num-
ber of cork screw vessels. For each slide. a total of three fields at a
maguification of X4 were selected at random, and the scores were
averaged.

In vivo tumor growth and deterntination of microvessels

Female BALB/c and SCID mice were s, implanted with 2 x 10°
Colon-26 cells, When twmors grew to ~5—-6 mm in diameter, the mice
were randomly assigned into three groups and a 100 ul of solution
containing | X 10® PFU of d1312 or OBP-301, or PBS was injected into
the tumor on days 1, 3, and 5. Tumors were measured for perpendicutar
diameters every 3 or 4 days, and tumor volume (in cubic millimeters)
was calculated vsing the following formuda: a X b? X 0.5, whete « is
the longest diameter, # is the shortest diameler. and 0.5 is a constant to
culeulate the volwme of an ellipsoid. For histological analysis, 2 wk
after treatment, the timors were harvested, embedded in Tissue Tek
(Sukura), cut into § pm-thick sections, and assessed by a stundard H&E
and immunohistochemical staining using a rat anti-mouse mAb against
CD31 (BD Pharmingen). The experimental protocol was approved by
the Ethies Review Committee for Animal Experimentation of Okuyuams
Universitly Graduate School of Medicine, Dentistry, and Pharmaceutical
Scienees.

In vive inhibition of 1FN-vy with neutralizing Abs

For neutratizing IFN-v, mice were L.p. ndministered 200 ug of rat anti-
mouse IFN-y mAb {(XMG1.2; BD Pharmingen) | day hefore the first
injection of OBP-301 und on days 1 and 3 after the first injection,
Control mice received L.p. administration of isotype-matched rat 1gGl
{BD Pharmingen).

Statistical analysis

Determination of significant differences among groups was assessed by
calculating the value of Student's t test using the original data analysis,
Statistical significance was defined at p < .01,

Results
Efject of OBP-301-infected human colorectal cancer cells on
PBMC in vitro

First, we examined whether OBP-301 infection aflects the viability
of human colorectal cancer cells using the XTT assay. SW620
cells were either mock-infected with culture medium or infecied
with OBP-301 at an MOI of | or 10. As shown in Fig, 14, OBP-
301 infection induced death of SW620 cells in a dose-dependent
manner. Next, we examined the ability of OBP-301-infected on-
colytic cells to stimulate PBMC in MLTC. For this purpose,
SW620 cells (HLA-A02/A24) treated with 10 MO of OBP-301
for 72 h were cocultured with HLA-matched PBMC obtained from
HLA-A24™ healthy volunteers at a ratio of 1:40. The production of
IFN-v in the supernatants was then explored by ELISA analysis at
the indicated time points, PBMC incubated with OBP-301-infected
oncolytic SW620 cells secreted large amounts of IFN-y as early as
24 h after MLTC, whereas PBMC alone induced little IFN-y se-
cretion (Fig. 1B). The maximum leve] of IFN-y was ~250 pg/ml.
We previously confirmed that addition of OBP-301 alone without
target tumor cells did not affect the cytokine secretion from PBMC
into the supernatant, indicating that infection of OBP-301 iself
had no apparent effect on PBMC (13). These results suggest that
PBMC stimulated with oncolytic tumor cells preferentially secrete
high-level IFN-y.

Inhibition of in vitro and in vivo angiogenesis by MLTC
supernatants with OBP-30]-infected human rumor cells

In the next step, we investigated the effects of MLTC superna-
tants with oncolytic SW620 tmor cells and HLA-matched
PBMC on VEGF-induced angiogenesis in vitro. The addition of
VEGF enhanced the formation of vascular-like structures of
HUVECs, although tubule formation was almost absent without
VEGEF. This VEGF-induced angiogenesis was completely im-
paired by the addition of MLTC supernatants even at 1/4 dilu-
ton (Fig. 2). In contrast, although MLTC supernatants were
confirmed to contain ~250 pg/ml IFN-vy, 10-fold more concen-
tration of recombinant IFN-vy was needed to attenuate the tubule
formation close to basal levels. The supernatants of PBMC
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FIGURE 1, lu vitro cytopathic effects of OBP-301 and IFN-vy secretion by oncolytic cell-stimulated PBMC. A, SW620 human colorectal cuncer
cells were infected with OBP-301 at indicuted MOI values, and surviving cells were guantitated over 7 days by XTT assay. The cell viability of
mock-treated cells on day 1 was considered [0, and the relative cell viability was caleulnted. Data are mean = 8D of wiplicate experiments. B, IFN-y
concentrations in the supernatants of MLTC analyzed by ELISA. SW620 cells were treated with 10 MO of OBP-301 for 72 h, and then cocultured
with PBMCs obtained from HLA-A247 healthy volunieers for the indicated time periods in MLTC. The culture supernstants were harvested and

tested by ELISA for IFN-v concentrations. As a control, the supernatants of PBMC alone were also examined. Data are mean = SD of triplicute

experiments,

alone had no effect on in vilro angiogenesis. These results sug-
gest that MLTC supernatants may contain more antiangiogenic
factors in addition to IFN-y.

We also assessed whether MLTC supematants inhibited in vivo
angiogenesis induced by human cancer cells. SW620 cells in PBS
containing supernatants of OBP-30l-infected SW620 cells,
PBMC, or both, which were packed into membrane chambers,
were implanted into a dorsal air sac produced in nu/nu mice. The
chambers consisted of membranes that allowed the passage of
macromolecules such as IFN-v, but not cells. Five days after im-
plantation, neovascularization, as demonstrated by the develop-
ment of capillary networks and curled microvessels in addition to
the preexisting vessels, occurred in the dorsal subeutis touched by
the chamber, which contained SW620 cells alone. The addition of
MLTC supernatants, however, reduced the size and tottuosity of
the preexisting vessels, and significantly reduced the development
of curled microvessels (Fig. 3). Although the preexisting vessels
became thinner by supernatants of OBP-301-infected SW620 cells
or PBMC, the number of curled microvessels, which is chavacter-
istic of wunor neovasculature, was consistent in these two groups
with thal in the group compared with SW620 cells alone. Thus,
MLTC supernatants exhibited a profound antiangiogenic activity
in vivo.

Involvement of host imnume activity on antiangiogenic effect of
OBP-301

The finding that OBP-301-infected wmor cells stimulfated PBMC
to produce antiangiogenic factors prompted us to study whether
immunodeficiency of host animals could affect the antitumor effect
of OBP-301 in vivo. When 2 X 10° Colon-26 murine colon ade-
nocarcinoma cells were inoculated s.c. into BALB/c and SCID
mice, palpable tomors appeared in 100% of the mice within 2 wk
alter tumor injection. Fourteen days after tumor inoculalion, ani-
mals bearing Colon-26 umors with a diameter of 5-6 mm were
treated with the direct intratumoral injection of 10* PFU OBP-301
every 2 days for three cycles. As shown in Fig. 4, treatment with
OBP-301 resulted in a significant growth suppression compared
with tumors injected with PBS at least for 12 days starting on day
4 after last virus injection (p < 0.01) in BALB/c mice; however,
OBP-301-mediated antitumor effect was partially impaired in
SCID mice, as significant inhibition was observed only for 6 days
starting on day 10, Intratwmoral injection of replication-deficient
di312 adenovirus had no effect on the tumor growth in BALB/c or
SCID mice (data not shown). These results indicate the partial
involvement of the host immune system in the OBP-30{-mediated
antitumor effect.

L o VEGF VEGF

FIGURE 2. Ishibition of in vite VEGF + IFN.y {250 pg) 410 x IFN-y {2600 pg) VEGF (4
angiogenesis by the supernatants of DA T : Aftagi s : e
OBP-301-infected oncolytic cells and S

PBMC. HUVECs were incubuted in a .

medium containing the supernatants of -

MLTC obtained 72 h after coculture A e
with OBP-30I-infected oncolytic cells o f
and PBMC or recombinunt 1¥N-7y in the e SN :
presence or absence of VEGF (10 ng/ VEGF VEGF VEGF

ml). The formation of (he capillary net-
work was confirmed by staining with
anti-human CD31 Ab on day 11, Rep-
resentative images depicting formation
of capillary-like tube structures by
HUVECs are shown, Original magnifi-
cation is at X40,
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FIGURE 3. Inhibition of tumor cell-
mediated in vivo angiogenesis by the
supematants of OBP-301-infected on-
colytic cells and PBMC, A, SW620 hu-
man colorectul tumor cells at a density
of 2 X 10° were pluced in a diffusion
chamber in PBS containing the diluted
supernatants of MLTC obtained 72 h
after coculture with OBP-301-infected
oncolytic cells and PBMC or control
mediums, and it was implanted into a
dorsal air space produced in BALB/c
nufng mice on day 0. Mice were sacri-
ficed on day 8§, and the chamber was
removed from the s.c. tissue. A new
ring without filters was placed on the
same site to mark the position of the
chamber. The capillary networks de-
veloped inside the rings were photo-
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Antiangiogenic effect of OBP-301 on syngenic and
immunodeficient murine tumor models

When Colon-26 s.c. tumors implanted in BALB/c mice were in-
jected with PBS, replication-deficient d1312 adenovirus, or OBP-
301. Macroscopically, tumors treated with OBP-301 were consis-
tently smaller than those of the other two cohorts of mice 14 days
after last virus injection (Fig. 5A). Furthermore, a reddish area was
noted on the tumor surface on two of six mice treated with OBP-
301, indicating virus-induced intratumoral necrosis of tumor cells
in vivo,

To better understand the mechanisims underlying the induc-
tion of necrosis following OBP-301 treatment, histologic and
immunohistochemical analyses were performed on Colon-26
tumors harvested 14 days after last injection. A standard H&E
staining demonstrated the presence of many vessels in tumors
injected with PBS or d1312, However, OBP-301-treated tumors
showed few vessels. In addition, massive tumor cell death and
cellular infiltrates at the central portions of the tumors were
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observed where OBP-301 was injected (Fig. 5B). Immunohis-
tochemical staining of tumnor sections with the Ab for CD31 Ag,
an endothelial cell marker, also revealed that Colon-26 tumors
injected with OBP-30! displayed very few and extremely small
blood vessels (Fig. 5C). In contrast, OBP-30! injection could
not apparently reduce the vessel numbers on Colon-26 tumors
implanted in SCID mice (Fig. 5D). These in vivo studies dem-
onstrated that inhibition of angiogenesis due to the stimulation
of host immune system might be an important mechanisin of
OBP-301-mediated in vivo antitwmor effect.

Contribution of in vivo 1FN-y production to the
OBP-301-mediated antiangiogenic effects

Finally, to determine whether IFN-vy is involved in OBP-301-medi-
ated antiangiogenic effects, in vivo neutralizing experiments were
performed by using anti-IFN-y mAb or isotype-matched control
mAb. Angiogenesis was reduced by intratumoral injection of

FIGURE 4. Antitumor effects of intratumorally in-
jected OBP-301 against Colon-26 murine colon ade-
nocarcinoma twmors in syngenic immunocompetent
BALB/c and immunodeficient SCID mice. Colon-26
cells (2 X 10° cells/ench) were injected s.c. into the
right flank of mice. OBP-301 (1 X 10® PFU/body) was
administered intratumorally for three cycles every 2
days. PBS was used as a control. Six mice were used in
each gronp. Tumor growth was expressed by tumor
mean volume * SD, *, p < 0,01,

-9 PBES
- QBP-301
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PBS a3

L5
FIGURE 5. Macroscopic and histopathological analysis of Colon-26 tumors treated intratumoruily with OBP-301. Colon-26 cells (2 X 10° cellsfench) were
injected s.c. into the right flank of syngenic BALB/c mice and SCID mice and OBP-301 (1 X 10® PFU/body) was administered intratumorally for three cycles
every 2 days as described in Fig. 4, A, Macroscopic appearance of Colon-26 wmors on BALB/e mice 14 duys after treatment. Note the reddish avea on the tumor
swace in two mice treated with OBP-301, B, Tumor scetions were obtained from BALB/c mice 14 days afier final administration of OBP-301. Frozen scetions
of tumors were stained with H&E, Scale bar represents 100 um, and magnification is X100, Magnified view of the boxed region in B is shown, The aren with
celtular infiltrates is indicated with the green dotted line, C. Blood vessel formation in Colon-26 tumors injected with OBP-301. Frozen sections of the tumnors were
also probed with un Ab against CD31. Scale bar represents SO gum, and magnification is a %200. D, Tumor sections were obtuined from SCID mice 14 days after
final administration of OBP-301. Frozen sections of twinors were stained with H&E. Scale bar represents 100 pm, and magnification is at X 100 magnification.

OBP-30! on Colon-26 tumoys; this antiangiogenic effect, how- antiangiogenic effects of OBP-301, These results suggest that
ever, could be partially inhibited in the presence of anti-IRN-y  IFN-y may be one of the important factors for OBP-301 to
mAb (Fig. 6). Treatment with control 1gG1 had no effect on the inhibit angiogenesis in vivo.

PBS

QBP-301 + Anti-iFN«y

OBP-301 +1gG

FIGURE 6. Effects of anti-IEN-y Abs on angiogenesis in Colon-26 tumors. Colon-26 cells (2 X 10° cellsfeach) were injected s.c. into the right flank
of syngenic BALB/c mice and OBP-301 (1 X 10° PFU/body) was administered intratumorally for three cycles every 2 days as described in Fig. 4. Mice
were administered 200 pg of anti-IRN-y mAb (XMG1.2) i.p. to neutralize IEN-y | day hefore the first injection of OBP-301 and on days I and 3 after
the first injection, Control mice received i.p. administration of isotype-matched rat TgG1 or PBS. Frozen scctions of tumors oblained 14 days after final
administration of OBP-301 were stained with H&E. Magnified view (right) of the boxed region (left). Microvessels are shown (arrow). Scale bar represents
50 pum, and magnification is at X200,
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Discussion

The tumor vasculature provides a new and attractive target for
cancer therapy because of the reliance of most tumor cells on an
adequate vascular supply for their growth and survival, Although
the beneficial effects of novel antiangiogenic agents such as bev-
acizumab have been recently shown (15), regulation of endoge-
nous antiangiogenic mediators may be another approach to inhibit
angiogenesis. [n the present study, we showed that OBP-301 in-
fection and replication induced cytolysis of tumor cells with sub-
sequent stimulation of host irmmune cells, which in turn inhibited
tumor angiogenesis in vivo. Treatment of established murine colon
tumors with intratumoral injection of OBP-301 resulted in a sig-
nificant antitwmor response characterized by extensive necrosis
and reduced vascularity.

We reporled previously that wild-type pS3 tumor suppressor
gene transfer by a replication-deficient adenovirus vector (Ad-
vexin) could have antiangiogenic effects. The effects could be
through down-regulation of angiogenic factor VEGF and up-reg-
ulition of antiungiogenic factor BAIl because umor p53 protein is
a potent transcriptional factor (16, 17). In contrast, OBP-301 con-
tains no therapeutic genes such as p53 and, therefore, ity infection
may not directly influence the angiogenic property of infected tu-
mor cells, However, because viral infection is known to trigger
innate and adaptive immune responses presumably through the
release of proinflammatory cytokines (18-20), local administra-
ion of OBP-301 might affect the twmor microenvironment, thus
expluining the potential therapeutic benefit on tumor angiogenesis.
In fact, dying wmor cells infected with OBP-30! promoted the
production of Th! cylokines by PBMC such as 1FN-vy, which is
one of the most potent antiangiogenic factors (21, 22) (Fig. ).
Viral infection itself has been reported to activate dendritic cells to
secrele pro- or anti-inflammatory cytokines (23); our preliminary
experiments, however, demonstrated that OBP-301 alone had no
effect on cytokine production by PBMC (13), indicating that OBP-
301 itself may be less infective or stimulatory to PBMC. The result
is consistent with our previous finding that OBP-301 attenuated
replication as well as cytotoxicity of human normal cells (9, 10).
Moreover, OBP-301-infected tumor cells, but not untreated tumor
cells, enhanced [FN-vy-inducible proteasome activalor PA28 ex-
pression in the presence of PBMC (13), indicating that only dying
tumor cells could trigger IFN-y production by PBMC,

IFN-y has been also known to inhibit tumor angiogenesis
through the subsequent stimulation of secondary mediators, in-
cluding mounokine induced by IFN-y and IFN-inducible protein 10
(24). Indeed, the observation that the supernatants of PBMC cocul-
wred with OBP-301-infected human colorectal cancer cells exhib-
ited a more profound antiangiogenic effect than recombinant
IEN-y (Fig. 2) suggests that other factors in addition to IFN-v,
which may not be related to [EN-vy, play important roles in inhi-
bition of tumor cell-mediated angiogenesis. For example, we also
found that oncolytic cells stimulated PBMC to secrete IL-12,
which is an inducer of IFN-vy as well as an antiangiogenic factor,
into the culture supermatants (13). The supernatants of neither vi-
rus-infected wmor cells alone nor PBMC alone were more anti-
angiogenic comparted with those of MLTC in vivo (Fig. 3). There-
fore, the interaction of oncolytic cells and PBMC is required to
produce antiangiogenic mediators and to inhibit in vivo angiogen-
esis following OBP-301 treatment. The question what kind of cells
produce mediators for antiangiogenic effects is of interest. We re-
ported previously that OBP-301 replication produced the endoge-
nous danger signaling molecule, uric acid, in infected human tu-
mor cells, which in turn stimulated dendritic cells to produce
IFN-v as well as IL-12 into the supernatants (13). The amount of

IFN-+y produced by dendritic cells was ~40 pg/ml, although 250
pg/ml [EN-y was detected in the MLTC supernatants (Fig. 1B),
indicating that other cell types may contribute to IFN-+v produc-
tion. Lymphocytes that promote innate immunity (i.e., NK cells) as
well as classical CD4" and CD8™ T cells are also know to produce
[FN-vy (25). Thus, dendritic cells represent one of the sources of
[EN-v; however, 1L-12 secreted from dendritic cells activated with
OBP-301-infected tumor cells might trigger these cells to produce
1EN-+.

To more directly evaluate the antiangiogenic effect of OBP-301,
we used a syngenic BALB/c maodel established by s.c. inoculation
of Colon-26 murine colon adenocarcinoma cells. OBP-301 is re-
ported to have high infectivity and the potential to induce cell
deuth in a variely of human cancer ceils (9-12), whereas murine
cells are relatively refractory to adenovirus infection due to the low
expression of the coxsackievirus and adenovirus receptor. We have
confirmed previously that telomerase-specific oncolytic adenovi-
rus could infect and replicate in Colon-26 cells (12). Intratumoral
administration of OBP-301 significantly inhibited the growth of
Colon-26 tumors in syngenic immunocompetent BALB/c mice,
although the magnitude of suppression was much less when com-
paved with that in buman tumor xenogralts (9, 10). The finding that
twmor growth suppression by OBP-301 was partially inhibited in
immunodeficient SCID mice (Fig. 4) indicates that the host im-
mune system could be partially responsible for the antitumor effect
of OBP-301. Histopathologic analysis revealed that the presence of
the immune cell infiltrates and the massive necrosis in Colon-26
tumors are exclusively due to the twmor-specific viral replication
because d1312-igjected tumors showed neither cellular infiltrates
nor lissue dumages (Fig. 5B). In view of the fact that a cellular
infiltration could be still observed as late as 14 days after the last
OBP-301 injection, immune responses are likely to be induced by
oncolytic tumor cells. Furthermore, as expected, tumors injected
with OBP-301 formed less blood vessels than mock- or dI312-
treated tumors (Fig. 5, B and C), suggesting that inhibition of an-
giogenesis by infiltrating cell-secreted mediators partially elicits
the antitumor activity of OBP-301. In contrast, antiangiogenic ef-
fect of OBP-301 was impaired in SCID mice (Fig. 5D), indicating
that host immune cells are necessary for this function of OBP-301.
Moreover, IFN-+y is considered to be partially responsible for the
antiangiogenic effects of OBP-304 because in vivo neutralization
of IFN-vy by anti-1IFN-y mAb increased angiogenesis on Colon-26
tumors (Fig. 6).

It remains to be studied whether OBP-301-infected oncolytic
cells are capable of inhibiting the growth of distant tumors,
Circulating inhibitors of angiogenesis such as angiostatin and
endostatin can suppress the growth of remote metastases (26),
The observation that none of wmice treated with OBP-301
showed signs of viral distress (ruffied fur, weight loss, lethargy,
or agitation) as well as histopathologic changes in any organs at
autopsy (data not shown) suggests that the cytokine secretion by
oncolytic cell-stimulated immune cells might be local rather
than systemic. Thus, it is unlikely that locally produced anti-
angiogenic factors interfere with the distant tumor growth, al-
though the circulating virus itself can infect and replicate in
metastatic tumors. This question is being currently investigated
in our laboratory.

In conclusion, we provide for the first time evidence that
oncolytic virotherapy induces novel antiangiogenic effect by
stimulating host imumune cells to produce antiungiogenic medi-
ators such as IFN-vy. Our data suggest that the antitumor effect
of OBP-301 might be both direct and indirect.
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Abstract Purpose: Long-term outcomes of patients with squamous cell carcinoma of the head and neck

(SCCHN) remain unsatisfactory despite advances in combination of treatment modalities.
SCCHN is characterized by locoregional spread and it is clinically accessible, making it an attrac-
tive target for intratumoral biological therapies.

Experimental Design: OBP-301 s a type 5 adenovirus that contains the replication cassette in
which the human telomerase reverse transcriptase promoter drives expression of the £7 genes.
OBP-401 contained the replication cassette and the green fluorescent protein (GFP) gene. The
antitumor effects of OBP-301 were evaluated in vitro by the sodium 30-{1- (phenylaminocar-
bonyl) -3,4-tetrazolium] -bis (4-methoxy-8-nitro)benzene sulfonic acid hydrate assay and in vivo
in an orthotopic xenograft model. Virus spread into the lymphatics was also orthotopically
assessed by using OBP-401,

Results: Intratumoral injection of OBP-301 resulted in the shrinkage of human SCCHN tumors
orthotopically implanted into the tongues of BALB/c nu/nu mice and significantly recovered
weight loss by enabling oral ingestion, The levels of GFP expression following ex viva infection
of OBP-401 may be of value as a positive predictive marker for the outcome of telomerase-
specific virotherapy. Moreover, whole-body fluorescent imaging revealed that intratumorally
injected OBP-401 could visualize the metastatic lymph nodes, indicating the ability of the virus
1o traffic to the regional lymphatic area and to selectively replicate in neoplastic lesions, resulting
in GFP expression and cell death in metastatic lymph nodes.

Conclusions: These results illustrate the potential of telomerase-specific oncolytic viruses for

a novel therapeutic and diagnostic approach, termed theranostics, for human SCCHN.

Cancer remains a leading cause of death worldwide despite
improvements in diagnostic techniques and clinical manage-
ment (1, 2). An estimated 500,000 patients worldwide are
diagnosed with squamous cell carcinoma of the head and neck
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(SCCHN) annually. This aggressive epithelial malignancy is
associated with a high mortality rate and severe morbidity
among the long-term survivors {3). Current treatment strategies
for advanced SCCHN include surgical resection, radiation,
and cytotoxic chemotherapy. Although a combination of these
modalities can improve survival, most patients eventually
experience disease progression that leads to death; disease
progression is often the result of intrinsic or acquired resistance
to treatment (4, 5). A lack of specificity for tumor cells is
the primary limitation of radiotherapy and chemotherapy. To
improve the therapeutic index, there is a need for anticancer
agents that selectively target only tumor cells and spare normal
cells.

Replication-selective tumor-specific viruses present a novel
approach for cancer treatment (6, 7). We reported previously
that telomerase-specific replication-competent adenovirus
(OBP-301, Telomelysin), in which the human telomerase
reverse transcriptase (hTERT) promoter element drives the
expression of EIA and E1B genes linked with an IRES, induced
selective E1 expression, and efficiently killed human cancer
cells but not normal cells {8-10). We also found that
intratumoral injection of telomerase-specific replication-
selective adenovirus expressing the green fluorescent protein
(GFP) gene (OBP-401, TelomeScan) causes viral spread into the
regional lymphatic area with subsequent selective replication in
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Translational Relevance

Despite new therapeutic modalities, long-term out-
comes of patients with squamous cell carcinoma of the
head and neck (SCCHN) remain unsatisfactory. Thus,
the development of efficient treatment methods to enable
the reduction of tumors in these patients is clearly impera-
tive. Tumor-targeted oncolytic viruses have the potential to
selectively infect target tumor cells, multiply, and cause cell
death and release of viral particles, leading to the spread of
viral-mediated antitumor effects. We developed a telomer-
ase-specific oncolytic adenovirus OBP-301 (Telomelysin)
as well as OBP-401 — expressing GFFP gene (TelomeScan).
Our data showed that telomerase-specific oncolytic viruses
can be effective to kill human SCCHN cells in vitro and
in vivo as well as to identify the patients who will likely
benefit from virotherapy, suggesting that an oncolytic
virus-based approach exhibited desirable features of a
novel "virotheranostics,” the combination of a diagnostic
assay with a therapeutic entity for human SCCHN. Thisis a
preclinical study for the future clinical trials.

metastatic lymph nodes in nufnu mice (11). Although up to
25% of patients with SCCHN develop distant metastasis to the
lung, liver, or bone, lymph node metastases are more common
in SCCHN patients {12); therefore, locoregional disease control
with telomerase-specific oncolytic viruses may be a novel
therapeutic strategy that is clinically applicable for the
treatment of human SCCHN.

In the present study, we explore the therapeutic as well as
diagnostic ability of telomerase-specific oncolytic viruses
in vitro and in vive. To this end, we adopted an orthotopic
head and neck cancer xenograft model by inoculating human
SCCHN cells into the tongues of nu/nu mice; this model
resembles human SCCHN in a number of biological
properties (13).

Materials and Methods

Cell lines and cell culture. The human oral squamous carcinoma
cell lines SAS-L, SCC-4, SCC-9, HSC-2, HSC-3, and HSC-4 were
maintained in vitro as monolayers in DMEM supplemented with 10%
heat-inactivated fetal bovine serum, 100 units/mL penicillin, and
100 mg/mL streptomycin {complete medium). The human non - small-
cell lung cancer cell line H460 and the human esophageal cancer cell
line TE8 were routinely propagated in monolayer culture in RPMI 1640
supplemented with 10% fetal bovine serum. The nonnal human lung
diploid fibroblast cell line WI38 (JCRB0518) was obtained from the
Health Science Research Resources Bank {Osaka, Japan) and grown in
Eagle’s MEM with 10% fetal bovine serum. The normal human lung
fibroblast NHLF (TaKaRa Biomedicals) and the normal human
embryonic lung fibroblast MRC-5 (RIKEN BioResource Center) were
cultured according to the vendors’ specifications,

Adenoviruses. The recombinant replication-selective, tumor-specific
adenovirus vector OBP-301 (Telomelysin), in which the hTERT
promoter element drives the expression of E1A and E1B genes linked
with an IRES, was previously constructed and characterized (8-10).
OBP-401 is a telomerase-specific replication-competent adenovirus
variant with the replication cassette, and GFP gene under the control
of the cytomegalovirus promoter was inserted into the E3 region for
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monitoring viral replication (11, 14). The viruses were purified by
ultracentrifugation in cesium chloride step gradients, their titers were
determined by a plaque-forming assay using 293 cells, and they were
stored at -80°C,

Cell viability assay. Au sodium 30-{1-(phenylaminocarbonyl)-3,4-
tetrazolium]-bis(4-methoxy-6-nitro)benzene sulfonic acid hydrate
(XTT) assay was done to assess the viability of tumor cells. Human
SCCHN cells {1,000 per well) were seeded onto 96-well plates 18 to
20 h before viral infection. Cells were then infected with OBP-301 at
a multiplicity of infection (MOI) of 1, 10, 50, and 100 plaque-forming
units (pfu) per cell. Cell viability was determined at the indicated time
points by using a Cell Proliferation Kit II (Roche Molecular
Biochemicals) according to the protocol provided by the manufacturer.

Fluorescence microplate reader.  Cells were infected with OBP-401 at
the indicated MOI values in a 96-well black-bottomed culture plate and
further incubated for the indicated timne periods. GFP fluorescence was
measured by using a fluorescence microplate reader (DS Pharma
Biomedical) with excitation/emission at 485 nm/528 nm.

Animal experiments, SAS-L. and HSC-3 human oral squamous cell
carcinoma cells were harvested and suspended at a concentration of
5 x 10%/mL in the medium. To generate an orthotopic head and neck
cancer model, 6-wk-old fernale BALB/c nu/nu mice were anesthetized
and injected directly with 20 pL of cell suspension at a density of 10°
cells. The cells were injected into the right lateral border of the tongue
with a 27-gauge needle. When the tumor grew to 2 to 3 mm in diameter
~5 to 7 days later, 20 pL of solution containing 1 x 10 pfu of
OBP-301, OBP-401, or PBS were injected into the tumor. The perpen-
dicular diameter of each tumor was measured every 3 d, and tumor
volume was calculated by using the following formula: tumor volume
{mm?) = a x b” x 0.5, where a is the longest diameter, b is the shortest
diameter, and 0.5 is a constant to calculate the volume of an ellipsoid.
The body weights of mice were monitored and recorded. The
experimental protocol was approved by the Ethics Review Committee
for Animal Experimentation of Okayama University.

In vivo fluorescence imaging. 1In vivo GFP fluorescence imaging was
acquired by illuminating the animal with a Xenon 150-W lamp. The
reemitted fluorescence was collected through a long-pass filter on a
Hamammnatsu C5810 3-chip color charge-coupled device camera {Hama-
matsu Photonics Systems). High-resolution image acquisition was
accomplished by using an EPSON PC. lmages were processed for
contrast and brightness with the use of Adobe Photoshop 4.0.1)
software (Adobe). A fluorescence stereomicroscope (SZX7; Olympus)
was also used to visualize GFP-positive tissues.

Statistical analysis. The statistical significance of the differences in
the in vitre and in vivo antitumor effects of viruses was determined by
using the Student’s t test (two-tailed). The antitumor effect viruses
on orthatopically implanted tumors in nude mice were assessed by
plotting susvival curves according to the Kaplan-Meier method. P values
<0,05 were considered statistically significant.

Results

In vitro cptopathic efficacy of OBP-301 on human SCCHN cell
lines. We examined the cytopathic effect of OBP-301, which is
an attenuated adenovirus in which the hTERT promoter
element drives expression of E1A and E1B genes linked with
an internal ribosome entry site (IRES; Fig. 1A), on various
human SCCHN cell lines by the XTT cell viability assay. OBP-
301 infection induced cell death in human SCCHN cells in a
dose-dependent manner; the sensitivity, however, varied
among different cell lines (Fig. 1B). The IDsq values calculated
from the dose-response curves confirmed that SAS-L cells could
be efficiently killed by OBP-301 at an multiplicity of infection
{MOI) of <150 (IDs = 148), whereas HSGC-3 cells were less
sensitive to OBP-301 (IDs, = 500; Fig. 1C).

www.aacrjournals.org

~ 238 ~



