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Abstract Immunocytokines (IC), consisting of tumor-

specific monoclonal antibodies fused to the immunostim-

ulatory cytokine interleukin 2 (IL2), exert significant

antitumor effects in several murine tumor models. We

investigated whether intratumoral (IT) administration of IC

provided enhanced antitumor effects against subcutaneous

tumors. Three unique ICs (huKS-IL2, hu14.18-IL2, and

GcT84.66-IL2) were administered systemically or IT to

evaluate their antitumor effects against tumors expressing

the appropriate IC-targeted tumor antigens. The effect of

IT injection of the primary tumor on a distant tumor was

also evaluated. Here, we show that IT injection of IC

resulted in enhanced antitumor effects against B16-KSA

melanoma, NXS2 neuroblastoma, and human M21 mela-

noma xenografts when compared to intravenous (IV) IC

injection. Resolution of both primary and distant subcuta-

neous tumors and a tumor-specific memory response were

demonstrated following IT treatment in immunocompetent

mice bearing NXS2 tumors. The IT effect of huKS-IL2 IC

was antigen-specific, enhanced compared to IL2 alone, and

dose-dependent. Hu14.18-IL2 also showed greater IT

effects than IL2 alone. The antitumor effect of IT IC did

not always require T cells since IT IC induced antitumor

effects against tumors in both SCID and nude mice.

Localization studies using radiolabeled 111In-GcT84.66-

IL2 IC confirmed that IT injection resulted in a higher

concentration of IC at the tumor site than IV administra-

tion. In conclusion, we suggest that IT IC is more effective

than IV administration against palpable tumors. Further

testing is required to determine how to potentially incor-

porate IT administration of IC into an antitumor regimen

that optimizes local and systemic anticancer therapy.
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Introduction

Immune-based cancer therapy involves a combination of

two separate modalities to eradicate tumor cells. Thera-

pies must be targeted to the tumor and stimulate the

immune system to kill cancer cells selectively [38].
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Immunocytokines (IC) are synthetic proteins that combine

both of these strategies via a tumor antigen-specific mAb

fused to an immune-stimulating cytokine. Members of

this novel class of immunotherapy have been shown to

have significant antitumor and anti metastatic effects in

several murine tumor models and are currently being

investigated for clinical safety and anticancer potential in

human patients with neuroblastoma (NB), melanoma,

ovarian and prostate cancers [8, 21, 22, 32]. Our labora-

tories have been involved in the preclinical and clinical

development of two ICs [39]: huKS-IL2, which consists

of the humanized mAb huKS1/4 that recognizes epithelial

cell adhesion molecule (EpCAM) and is linked to IL2;

and hu14.18-IL2, which is an anti-disialoganglioside GD2

mAb also linked to IL2. These ICs selectively bind tumor

cells, activate IL2-responsive immune cells, and facilitate

antibody dependent cell-mediated cytotoxicity (ADCC) by

FcR+ effector cells [15]. Both ICs were shown to activate

a strong antitumor innate immune response involving NK

cells that induced antimetastatic effects [18, 24]. These

antimetastatic effects occurred when ICs were adminis-

tered systemically via tail vein injection. However, IV

hu14.18-IL2 IC at the doses used resulted in only a

transient antitumor response against well-established

primary subcutaneous (s.c.) murine NXS2 NB tumors,

followed by tumor recurrence [29]. In this setting, addi-

tion of s.c. continuous infusion IL2 to systemic hu14.18-

IL2 IC enabled durable resolution of established NXS2

tumors [30]. Clinically, administration of higher doses of

IC has been limited by the IL2-related toxicities of the IC

[21, 33]. Thus, administration of additional constant

infusion IL2 would be expected to cause unacceptable IL2

toxicity if given to patients already receiving hu14.18-IL2

IC at the maximum tolerated dose. Therefore, in this

study we hypothesized that IT administration of IC to

established, primary tumors would result in greater local

tumor destruction compared to IV administration. Since

IT delivery of IL2 alone has been shown to mediate

tumor regression via an enhanced tumor-specific cytotoxic

T lymphocyte (CTL) response [19], IT IC therapy may

induce a T cell memory response due to enhanced

sequestration of the IL2-containing IC in the tumor

microenvironment and subsequent improved local tumor-

specific T cell sensitization.

Our studies focus on the antitumor activity of IT huKS-

IL2 and hu14.18-IL2 ICs in s.c. murine tumor models.

HuKS-IL2 IC recognizes B16-KSA melanoma, a subclone

of the parental B16 cell line transfected with human EpCAM.

Hu14.18-IL2 IC targets the GD2-expressing cells, including

the murine NXS2 NB and human M21 melanoma [15, 23].

The antitumor activity of IT hu14.18-IL2 was tested in a

xenograft model consisting of human M21 melanoma

tumors grown in nude mice. To determine the in vivo dis-

tribution of IT IC, we used the anti-carcinoembryonic

antigen (CEA) 111In-GcT84.66-IL2 IC because it is radio-

labeled and tumor localization studies following systemic

administration have previously been done [42]. T84.66-IL2

has been shown to target CEA-positive MC-38.CEA murine

tumors and inhibit tumor growth [7]. The ICs and tumor

models used in this study are summarized in Table 1.

In the in vivo studies reported here, we demonstrate a

greater antitumor response with IT IC compared to sys-

temic IV IC injection in the treatment of localized palpable

s.c. tumors that was antigen-specific, dose-dependent, and

greater than IL2 alone. In addition, IT IC delivery resulted

in resolution of both the directly treated primary tumor, as

well as the non-locally treated distant tumor. A tumor-

specific memory response was also seen. Localization

studies using a radiolabeled IC confirmed that IT injection

resulted in a higher concentration of IC at the tumor site

compared to IV administration. Therefore, we suggest that

IT IC administration may be combined with other immune

or cytotoxic therapies to enhance local and systemic anti-

tumor effects.

Materials and methods

Mice

Female A/J and C57BL/6 mice, 7–8 weeks old, were

obtained from Harlan Sprague Dawley (Madison, WI,

USA); B6.CB17 scid/scid mice, 5–6 weeks old, were

obtained from Jackson (Bar Harbor, ME, USA); and male

Table 1 Tumor models, specific antigen expression and corresponding ICs

Tumor model Tumor type Mouse strain Tumor antigen Immunocytokine

B16-KSA Melanoma C57BL/6 EpCAM HuKS-IL2a

B16-KSA Melanoma SCID EpCAM HuKS -IL2

NXS2 Neuroblastoma A/J GD2 Hu14.18-IL2

M21 (human) Melanoma NCr nude GD2 Hu14.18-IL2

MC-38.CEA Colon carcinoma C57BL/6.CEA CEA 111In-GcT84.66-IL2

a Designated huKS1/4-IL2 in some studies [9]
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NCr nude mice, 6–7 weeks old, were obtained from

Taconic (Germantown, NY, USA). All animals were

housed in university-approved facilities and were handled

according to National Institutes of Health and University of

Wisconsin-Madison Research Animal Resource Center

guidelines. The C57BL/6.CEA transgenic mouse was

developed at City of Hope by Clarke et al. [7] and used in

IC localization studies as previously described.

Cell lines

NXS2 is a poorly immunogenic, highly metastatic, murine

NB hybrid cell line that was created as previously described

[23]. This GD2
+ cell line is sensitive to NK cell-mediated

therapies [25]. The murine NXS2 cell line was grown in

DMEM medium (Mediatech, Herndon, VA, USA) supple-

mented with penicillin (100 U/ml), streptomycin (100 lg/

ml), l-glutamine (2 mM) (all from Life Technologies, Inc.,

Grand Island, NY, USA) and 10% heat-inactivated fetal calf

serum (FCS, Sigma Chemicals, St. Louis, MO, USA). Cells

were maintained at 37�C in a humidified 5% CO2 atmo-

sphere. The B16-KSA cell line was generated by transfecting

the murine melanoma cell line B16 with the gene encoding

human EpCAM. Constitutive expression of EpCAM on a

subclone designated B16-KSA was maintained by growing

the cells as monolayers in the presence of 1 mg/ml G418.

This cell line was cultured in RPMI-1640 medium (Media-

tech, Herndon, VA, USA) with the same additives as

described for NXS2 cells above. The GD2
+ M21 human

melanoma cell line was also cultured in RPMI medium with

the same additives as described above [15]. The MC-38.CEA

cell line was generated by transfection of CEA into MC-38

cells as previously described, and cultured in RPMI media in

the absence of antibiotics [7].

Flow cytometry

Expression of antigens on tumor cell lines was evaluated

by flow cytometry. Briefly, tumor cells were collected and

resuspended in PBS with 2% FCS (flow buffer) at a con-

centration of 3 9 106 cells/ml, and 3 9 105 NXS2 or

B16-KSA cells were incubated with hu14.18-IL2 IC or

huKS-IL2 IC, respectively, 10 lg per 3 9 105 cells at 4�C

for 40 min. Cells were washed and stained with a sec-

ondary Ab, anti-human IL2-PE (BD Biosciences, San

Diego, CA, USA), 2 lg per 3 9 105 cells, for an additional

40 min. at 4�C. Staining of cells with secondary Ab only,

without IC, was used as a negative control. Cells were

washed and resuspended in 0.3 ml flow buffer and

analyzed using a FACScan cytofluorometer (Becton

Dickinson, San Jose, CA, USA). Analysis of data collected

for 10,000 events/sample was performed using the

CellQuest software (Becton Dickinson, San Jose, CA).

ICs and immunotherapy

The humanized hu14.18-IL2 and huKS-IL2 ICs were gen-

erated and provided by EMD-Lexigen Research Center

(Billerica, MA, USA). HuKS-IL2 was originally designated

huKS1/4-IL2, and shown to be effective against human

prostate carcinoma metastases in SCID mice [9]. For the

B16-KSA melanoma tumor model, C57BL/6 or SCID mice

were injected s.c. with 3 9 105 cells in 100 ll PBS on the

abdomen. For the NXS2 NB single tumor and tumor re-

challenge models, A/J mice were injected s.c. with 2 9 106

NXS2 NB cells in 100 ll PBS on the abdomen. For the

primary and distant tumor model, 1 9 106 NXS2 NB cells

were implanted on one flank on day 0 and again on day 4 on

the opposite flank. Smaller tumor cell inoculates were used in

this model to allow the implantation of two adjacent tumors.

The specific IC, doses and treatment schedule are indicated

for each experiment. Mice were given IV IC by tail vein

injection in 200 ll PBS. IT injections consisted of IC in 50 ll

PBS, placed into the center of the s.c. tumor with the needle

perpendicular to the plane of the skin. Whenever possible,

the same site of injection was used for each injection; how-

ever, in rare cases, the 30 gauge needle tract had not

completely healed on subsequent injections and a new

injection entry site was selected. Control treatments con-

sisted of an equivalent volume of PBS administered by IV or

IT injection. Human recombinant IL2 (Tecin�, 5 mil-

lion IU/vial) was purchased from Hoffmann-La Roche Inc.

(Nutley, NJ, USA), reconstituted and stored at 4�C according

to manufacturer’s instructions. Appropriate amounts of IL2

were delivered based on 1 lg IC containing approximately

3,000 IU of human recombinant IL2, as determined by molar

components and in vitro functional studies [30]. For the

human M21 melanoma model, 3 9 106 cells were implan-

ted s.c. into nude mice. Since nude mice do not have T-cells

and do not develop a mouse anti-human antibody (MAHA)

response following IC treatment (our unpublished data),

two courses of the humanized IC were administered. Tumor

size was measured every third day with a digital caliper,

and volume was calculated by applying the formula

½volume mm3ð Þ ¼ length � width � width=2�: The end

point of these studies was death of the animal or excessive

tumor burden as determined by both tumor size and the

condition and behavior of the animal. The decision to

euthanize an animal was made by an independent observer

without regard for treatment group.

IC localization studies

These studies, performed at City of Hope, involved Indium

labeling of the anti-CEA IC, designated 111In-GcT84.66-

IL2. CEA transgenic C57BL/6 mice bearing day 10

MC38.CEA s.c. tumors were treated IV (25 lg of IC with
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4 lCi of In-111 DOTA conjugated radiolabeled IC). Fol-

lowing IV IC injection, mice were sacrificed (five per

group) at a variety of time points and radioactivity was

measured in a gamma-counter. Parallel studies were per-

formed after IT injections (2.3 lg of IC with 6.3 lCi of

In-111 DOTA conjugated radiolabeled IC). Two mice

were imaged on a dedicated small animal gamma camera

(BioSpace c-Imager) and regions of interest drawn around

the tumor to measure radioactivity using Gamma-

Vision + software. For comparison purposes, all data was

converted to percent injected dose (ID) and normalized to

the initial scan after correcting for radionuclide decay.

Statistical analysis

A two-tailed Student’s t-test was used to determine sig-

nificance of differences between experimental and relevant

control values. Survival curves were generated and statis-

tically compared using the method described by Kaplan

and Meier. We determined whether the difference between

the proportion of tumor-free animals in particular treatment

groups (Table 2) was significant by using a standard

comparison of two proportions and calculating z ¼
p01 � p02
� �

� p1 � p2ð Þ
� �

=
p

p0 1� p0ð Þð Þ 1=n1ð Þþ½½ 1=n2ð Þ��,
where p01 ¼ x1=n1; p02 ¼ x2=n2; p0 ¼ n1p01 þ n2p02

� �
=ðn1 þ

n2Þ: Variables include: z = Z score (estimate of the area

under the curve of the standard normal distribution), p01 and

p02are proportions 1 and 2 given by the number of tumor

free animals (x) divided by the total animals in that group

(n), and n1 and n2 are the total number of animals in each

group. Data are presented as mean ± SE and considered

significant for p values less than 0.05.

Results

IT IC resulted in greater antitumor effects than IV IC

First, we confirmed that the tumor cell lines used in our

antitumor studies expressed the antigens recognized by the

hu14.18-IL2 and huKS-IL2 ICs. The specific expression of

tumor-associated antigens, EpCAM on B16-KSA cells and

disialoganglioside GD2 on NXS2 cells, is shown in

Fig. 1A. Next, the antitumor effect of IC was tested via IT

or IV administration. The dose of IC utilized corresponded

to IV doses previously determined to be sub-optimal

against s.c. tumors, but which resulted in less systemic

toxicity [29]. In our experiments, IC was given via IV or IT

administration to animals bearing established, palpable day

7 tumors. Figure 1b shows the effect of IT huKS-IL2 IC

against s.c. B16-KSA melanoma tumors. Administration of

IT huKS-IL2 IC resulted in greater suppression of tumor

growth compared to both the equivalent IV administered

IC dose and IT PBS (p = 0.02 day 16, p = 0.03 day 19 for

IT IC vs. IV IC; p = 0.01 day 16, p \ 0.001 day 19 for IT

IC vs. PBS). In a second model (Fig. 1c), treatment of s.c.

NXS2 tumors with hu14.18-IL2 IC administered IT also

resulted in significant antitumor effects compared to PBS-

treated tumors (p \ 0.0015, beginning on day 11), and

enhanced antitumor effects compared to the same dose of

hu14.18-IL2 IC given IV (p \ 0.02, days 11–18). In

addition to significant differences in the mean calculated

tumor volume based on caliper measurements of length and

width (see ‘‘Materials and methods’’ section), the IT IC-

treated tumors also appeared visually flatter, with less

elevation above the abdominal wall, compared to either

PBS or IV IC-treated tumors. Thus, because tumor height

is not serially measurable with calipers, the calculated

values for tumor volumes were overestimated for the flatter

tumors resulting from IT IC treatment. The specificity of

the antitumor effects of IT IC are addressed in Fig. 3. Thus,

IT delivery of IC resulted in enhanced antitumor effects

compared to systemic delivery in these two murine tumor

models.

NXS2 tumor regressions were seen in a majority of

animals (12 of 17) that received IT treatment (Table 2,

p = 0.002 for the proportion of tumor-free animals fol-

lowing IT vs. IV IC treatment). In Experiment 1 (Table 2),

mice with palpable tumors on day 7 received IT IC on days

7–11, and five of five mice became tumor free by day 14

compared to none of five in the IV IC group. All five mice

continued to be tumor-free through day 28, though two of

these mice showed delayed tumor re-growth at the primary

tumor site on days 30 and 32. On day 35, the remaining

three tumor-free mice were re-challenged with 2 9 106

NXS2 cells to determine if anti-NXS2 memory had

developed. Four naive A/J mice received s.c. injection of

Table 2 IT treatment induced tumor regression of NXS2 tumors with

hu14.18-IL2 IC

Treatment Number of tumor-free A/J mice

Exp 1 Exp 2 Exp 3 Total

IC dose 15 lg 15 lg 5 lg

IV PBS 0 of 3 0 of 6 0 of 6 0/15

IV hu14.18-IL2 0 of 5 3 of 6 0 of 6 3/17

IT hu14.18-IL2 5 of 5 5 of 6 2 of 6 12/17

A/J mice were implanted with s.c. NXS2 tumors and treated with

hu14.18-IL2 IC on days 7–11, as described in ‘‘Materials and

methods’’

The numbers of animals showing complete tumor regressions without

tumor recurrence for at least 3 weeks are noted for each treatment

group from three separate experiments

The increased proportion of tumor-free mice in groups treated IT vs.

IV with hu14.18-IL2 IC treatment for the combination of all 3

experiments was significant (p = 0.002)
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2 9 106 NXS2 cells as a control, and developed palpable

tumors by day 5. Of the three tumor-free mice that were

re-challenged, two mice remained tumor-free for greater

than 35 days after re-challenge, while one showed tumor

development beginning on day 13. The remaining tumor-

free mice also rejected a second NXS2 cell re-challenge on

day 49 after the first re-challenge (84 days after the original

NXS2 tumor implantation). In Experiment 2 (Table 2), all

mice remained tumor-free for at least 3 weeks after initial

NXS2 tumor resolution. These animals also showed a

specific antitumor immune response where NXS2 tumor

cells, but not the non-specific YAC-1 tumor cells, were

rejected following tumor challenge (data not shown). IT

hu14.18-IL2 IC even resulted in two of six tumor resolu-

tions at very low doses (Experiment 3, Table 2). Taken

together, these experiments show that IT IC administration

resulted in enhanced antitumor effects against well-estab-

lished primary NXS2 NB compared to IV IC, as well as

resolution of NXS2 tumors and induction of a tumor-spe-

cific memory response in some mice after IT IC treatment.

IT IC resulted in antitumor effects against both primary

and distant tumors

Previous studies have demonstrated enhanced survival after

IV administration of IC and a therapeutic effect on sys-

temic metastases [18, 23]. We sought to determine the

effect of IT hu14.18-IL2 IC on primary and distant NXS2

tumors in A/J mice. NXS2 tumor cells were implanted s.c.

on one side of the abdomen on day 0 and a second tumor

was initiated on the opposite flank on day 4, as described in

the ‘‘Material and methods’’ section. The primary abdom-

inal tumor was treated with either IT IC or IT PBS and both

tumors were serially measured. Two additional groups,

each bearing only one abdominal tumor were included as

controls: one group was treated with IT IC and the other

group received s.c. injection of IC at a tumor-free site on

the flank. As expected, Fig. 2a demonstrates that IT IC had

a significant antitumor effect on the IT-treated primary

abdominal tumor compared to IT PBS (p = 0.001 for IC

vs. PBS treatment, day 16 of primary tumor growth).

Fig. 2b shows that treatment of the primary tumor starting

on day 7 (corresponding to day 3 after implantation for the

distant tumor) also resulted in a significant antitumor effect

on the growth of the distant flank tumor (p = 0.007 for IC

vs. PBS treatment, measured on day 16 of flank tumor

growth). In this experiment, two of five primary abdominal

tumors showed complete resolution after IT IC, and three

of five animals showed complete resolution of the flank

tumor after IT IC treatment of the primary tumor. All five

primary and distant tumors progressed in animals that

received IT PBS injection of the primary abdominal tumor

(p = 0.02 for proportion of distant, flank tumor-free
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Fig. 1 Tumor-associated antigens expression and enhanced antitumor

effect of IT ICs compared to IV IC administration. a Flow cytometric

expression of tumor-associated antigens, EpCAM on B16-KSA cells

(left panel) and GD2 on NXS2 cells (right panel), is shown by binding

of huKS-IL2 (filled histogram, left panel) and hu14.18-IL2 (filled
histogram, right panel). Gray lines represent control staining with

anti-human IL2-PE alone. The y-axis shows the relative cell counts

and the x-axis shows the fluorescence intensity units. b Groups of

C57BL/6 mice (eight per group) were implanted with 3 9 105 B16-

KSA tumor cells on day 0 and treated with 15 lg IV huKS-IL2 (in

200 ll) or IT IC (in 50 ll) on days 7–11. Control mice were treated

with IT PBS (50 ll). (p = 0.02 day 16, p = 0.03 day 19 for IT IC vs.

IV IC; p = 0.01 day 16, p \ 0.001 day 19 for IT IC vs. IT PBS)

Results are representative of 2 similar experiments. c Groups of A/J

mice (five per group) were implanted with 2 9 106 NXS2 cells (day 0)

and treated with IT PBS, 15 lg IV hu14.18-IL2 (in 200 ll) or IT IC (in

50 ll) on days 7–11. (p \ 0.0015 for IT hu14.18-IL2 vs. IT PBS, days

11–18; p \ 0.02 for IT hu14.18-IL2 vs. IV hu14.18-IL2 days 11–18.)

Results are representative of three similar experiments
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animals for IC vs. PBS; p = 0.057 for proportion of pri-

mary, abdominal tumor-free animals for IC vs. PBS). This

result was confirmed in a second experiment using five

animals per group. In the second experiment (not shown),

three of five animals resolved the primary tumor and four

of five resolved the distant tumor. Overall, the antitumor

effect seen in Fig. 2b suggests that IT IC at the primary

tumor site resulted in an immune effect seen at the distant

flank tumor. In contrast, Fig. 2c shows that s.c. IC injected

at a site on the flank away from the tumor had little anti-

tumor effect on the tumor. Here, one of three animals

receiving IT IC became tumor-free, while none of the three

mice receiving s.c. IC in the flank showed tumor resolution

(p = 0.04 for IT IC vs. s.c. IC, days 13–16). This result

suggests that the antitumor effect seen in the non-injected

distant flank tumors following IT IC treatment of the pri-

mary tumor (Fig. 2b) is related to the local effects of IC at

the primary tumor site. IT IC may induce a systemic

immunologic response that provides a greater antitumor

effect compared to the effect of systemic IC after s.c.

injection at the doses tested. Further studies are required to

determine the mechanisms underlying the effect of IT IC

on the distant tumor site.

We also note that the distant flank tumors in PBS treated

mice grew somewhat slower compared to the primary

abdominal tumors (compare PBS treated groups in Fig. 2a,

b). This may reflect different rates of tumor growth at these

2 anatomic sites, as well as innate or adaptive mechanisms

induced by prior implantation of the primary abdominal

tumor. The mechanisms underlying this difference in flank

and abdominal tumor sizes are not the focus of this study.

IT IC antitumor efficacy has Ab-specific

and non-specific components.

To determine whether the antitumor effect of IT IC is

tumor specific, we compared huKS-IL2 IC with the non-

specific hu14.18-IL2 IC in the treatment of B16-KSA

tumors. The data presented in Fig. 3a show that huKS-IL2

IC, which specifically targets huEpCAM expressed on

B16-KSA cells, resulted in greater antitumor effects com-

pared to the effects of the non-specific hu14.18-IL2 IC

(p = 0.02 day 16; p = 0.06 day 19 for specific, huKS-IL2

IC vs. non-specific, hu14.18-IL2 IC). Notably, the non-

specific hu14.18-IL2 IC had significant antitumor activity

against B16-KSA tumors (p = 0.003, day 16; p = 0.04,

day 19 for IT hu14.18-IL2 vs. IT PBS). This may be due to

the effect of sustained, localized IL2 within the tumor

microenvironment related to the large molecular size of the

IC, as well as to non-specific interactions that occur

through the Fc-component of the IC. When compared to IT

treatment with an equivalent amount of soluble recombi-

nant IL2 as contained in the dose of IC, the tumor-specific
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Fig. 2 IT IC effect on primary and distant tumor growth. Groups of A/J

mice (five per group) were injected with 1 9106 NXS2 cells on day 0 on

the abdomen (primary tumor). A second injection of 1 9 106 NXS2

cells was placed on the opposite flank on day 4 (distant tumor). The

abdominal tumor was treated IT with either 50 ll PBS or 15 lg

hu14.18-IL2 on days 7–11, while the flank tumor was not treated. a
Tumor volume of the IT hu14.18-IL2- or IT PBS-treated primary

tumors (p = 0.001 for IT IC vs. IT PBS, day 16). Day 0 corresponds to

implantation of the primary tumor. b Tumor volume of the non-treated

distant tumor in animals where the primary tumor was treated with

15 lg IT hu14.18-IL2 or IT PBS (p = 0.007 for IT IC vs. IT PBS, day

16). Day 0 corresponds to implantation of the distant tumor (day 4 of

primary tumor growth), where treatment of the primary tumor occurred

on days 3–7 of distant tumor growth (days 7–11 of primary tumor

growth). c Groups of A/J mice (three per group) were injected with

1 9 106 NXS2 cells on day 0 on the abdomen. Mice were treated with

15 lg IT hu14.18-IL2 or an equivalent dose of s.c. IC into the flank at a

site away from the tumor. Tumor volume of the single abdominal tumor

is shown (p = 0.04 for IT IC vs. s.c. IC, days 13–16)
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IC had greater antitumor effects in both tumor models

(p = 0.002, days 16 and 19 for huKS-IL2 vs. IL2 in

Fig. 3b; p = 0.03, day 17 for hu14.18 IL2 vs. IL2 in

Fig. 3c). Suppression of B16-KSA tumor growth was also

shown to be huKS-IL2 IC dose-dependent in Fig. 3d

(p = 0.05, day16 for 15 lg and 20 lg vs. 30 lg huKS-

IL2). These data show that IT IC resulted in a specific

antitumor response that was dose-dependent and due to the

unique properties of the IC, which combine tumor speci-

ficity with the antitumor effects of localized IL2.

Effective IT response in the absence of T cells

Systemic huKS-IL2 and hu14.18-IL2 ICs have been shown

to mediate antitumor effects that can be T cell-independent

and involve NK cells [18, 23]. To determine whether T

cells were required in the antitumor effects of IT huKS-IL2

IC, SCID mice bearing established B16-KSA tumors were

treated with IT huKS-IL2 or PBS as a control. Fig. 4a

shows that significant antitumor effects due to IT huKS-IL2

persisted in the absence of T cells (p = 0.006, day 16). In a

separate model, GD2
+ human M21 melanoma tumors were

xenografted into nude mice and treated with IT hu14.18-

IL2 (Fig. 4b). Again, even in the absence of mature T cells,

IT hu14.18-IL2 resulted in significant antitumor effects

(p = 0.04 for IT IC vs. IT PBS, days 22–28). IC treatment

also resulted in a significant survival advantage where three

of five IC-treated mice were still alive on day 79, while

PBS-treated mice required euthanasia between days 22–40

due to large tumor burden (data not shown, p \ 0.0018,

day 79). Together, these studies indicate that the antitumor

immunotherapeutic effects of IT IC against B16-KSA and

M21 melanoma can occur in SCID and nude mice, sug-

gesting a T-cell independent activity. Since SCID and nude

mice have functional NK cells, the role of NK cells in this

model requires further study.

IT administration of radiolabeled IC induced greater

sustained IC tumor localization

As previously introduced, T84.66-IL2 is an anti-CEA IC

with antitumor activity against the CEA+ murine
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Fig. 3 Specificity and dose response of IT IC. a C57BL/6 mice (eight

per group) were implanted with 3 9 105 B16-KSA tumor cells on the

abdomen on day 0. Mice were treated with 15 lg IT huKS-IL2,

hu14.18-IL2, or PBS (in 50 ll) on days 7–11. Data are representative

of two experiments. (p = 0.02 day 16 for huKS-IL2 vs. hu14.18-IL2,

p = 0.06 day 19 for huKS-IL2 vs. hu14.18-IL2; p = 0.003 day 16

hu14.18-IL2 vs. PBS, p = 0.04 day 19 hu14.18-IL2 vs. PBS). b
C57BL/6 mice (eight per group) were implanted with 3 9 105 B16-

KSA cells on day 0. Mice were treated with 15 lg IT huKS-IL2,

45,000 IU IL2, or PBS (in 50 ll) on days 7–11. (p = 0.01 for IT PBS

vs. IT huKS-IL2, p = 0.002 for IT huKS-IL2 vs. IT IL2, p = NS for

IT PBS vs. IT IL2 days 16–19) Data are representative of two

experiments. c Groups of A/J mice (5–6 per group) were implanted

with 2 9 106 NXS2 cells on day 0. Mice were treated with 15 lg IT

hu14.18-IL2, 45,000 IU IL2, or PBS (in 50 ll) on days 7–11.

(p \ 0.001 for IT PBS vs. IT hu14.18-IL2 days 10–17, p \ 0.01 for

IT PBS vs. IT IL2 days 14–17, p = 0.03 for IT hu14.18-IL2 vs. IT

IL2 days 10–17). d C57BL/6 mice (six per group) were implanted

with 3 9 105 B16-KSA cells on day 0. Mice were treated IT with 15,

20, or 30 lg of huKS-IL2 (in 50 ll) on days 7–11. Control mice

received 50 ll IT PBS on days 7–11. (p = 0.05 for 15 ug huKS-IL2

and 20 lg huKS-IL2 vs. 30 lg huKS-IL2 day 16)
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MC-38.CEA colon carcinoma [42]. The availability of a

radiolabeled form of this IC, 111In-GcT84.66-IL2, enabled

the determination of tumor localization following systemic

or IT administration. For this tumor model, transgenic

C57BL/6.CEA mice were implanted with s.c.MC-38.CEA

tumors and treated with a single dose of IV (25 lg) or IT

(2.3 lg) 111In-GcT84.66-IL2. Whole blood and tumor

samples were obtained from IV-treated mice for gamma

counter analysis, and IT-treated mice were imaged with a

small animal gamma camera, as described in ‘‘Materials

and methods’’. Figure 5 demonstrates that the relative

amount of total radioactivity that accumulated at the tumor

site was significantly greater after IT IC administration

compared to IV IC. The detectable radioactivity after IT IC

had a higher level and longer persistence at the tumor site,

with over 50% of the injected dose (ID) present at 8 h and

still detectable after 72 h. We hypothesize that most of this

radioactivity is intact IC that was bound to the tumor cell

surface or has been internalized by the tumor cells, thereby

representing delivered drug. There was a rapid decline in

detectable radiolabeled IC in circulating blood after IV

injection (data not shown) that corresponded to previously

determined pharmacokinetics of ICs in mice [20], which

may have led to less accumulation of IC at the tumor site

over time. The IV administered IC should be metabolized

in the same manner, suggesting that IT administration

results in more than an order of magnitude difference in

drug delivery at the earliest time points. Although IV IC

does localize to the tumor as shown previously [23, 42],

our data show that IT injection increased the amount of IC

delivered and retained at the tumor site.

Discussion

While ICs enable targeting of immunomodulatory cyto-

kines to the tumor microenvironment, systemic admini-

stration is still limited by dose-limiting toxicities [21, 33].

In this study, we show enhanced antitumor effects and

increased tumor localization of IC following IT adminis-

tration. Using the B16-KSA melanoma and NXS2 NB

models, we demonstrated a greater antitumor response with

IT IC compared to an equivalent systemic IC dose in the

treatment of localized palpable s.c. tumors. Interestingly,

IT hu14.18-IL2 IC delivery resulted in resolution of both

the directly treated primary NXS2 tumor, as well as the

non-locally treated distant NXS2 tumor in some animals.

Evidence of a tumor-specific memory response was seen
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after primary NXS2 tumor regression. In the B16-KSA

model, we show that the antitumor effect of IT IC was

antigen-specific, dose-dependent, and greater than IL2

alone. The enhanced antitumor effect of IT IC compared to

recombinant IL2 was also shown in the NXS2 model.

These preclinical data suggest that the antitumor activities

of huKS-IL2 and hu14.18-IL2, two ICs already undergoing

clinical testing via systemic delivery, may result in

enhanced tumor control when administered directly into

the tumor microenvironment.

The advantage of local administration of IC compared to

IV IC has been described previously using SCID mice

bearing human tumor xenografts and infused with HLA

identical human peripheral blood lymphocytes as effector

cells [6]. In that study, ICs consisting of anti-EGFR mAb

linked to IL2 or TNF showed greater in vivo antitumor

effects when administered IT compared to IV. Further-

more, IT injection of intact IC resulted in a survival

advantage compared to IT injection of the mAb and IL2 as

separate IT injections. In another model, IT injection of

huKS-IL12/IL2, where huKS1/4 mAb was linked to the

synergizing cytokine combination of IL2 and IL12, resul-

ted in complete resolution of s.c. Lewis lung carcinomas

transfected with EpCAM [12]. Our studies confirm and

extend this previous work by evaluating IT administration

of IC in several unique systems, including immunodeficient

mice (Table 1). HuKS-IL2 IC delivered IT resulted in

significant antitumor effects in both immunocompetent and

T-cell deficient SCID mice bearing syngeneic B16-KSA

tumors. Hu14.18-IL2 IC was also effective against human

M21 melanoma xenograft tumors in nude mice. These data

provide further insight into the mechanism of IC-mediated

tumor cell destruction, suggesting that T cells are not the

only potential effectors of antitumor activity in IT IC

immunotherapy. Indeed, our studies show that IT IC

induced antitumor effects in a T-cell independent manner.

Based on previous studies that have shown a role for NK

cells in the antitumor effects of IC, these innate immune

cells are likely to be playing a significant role in the anti-

tumor effects of IT IC [18]. Since SCID and nude mice

have expanded NK cell populations, the specific contri-

bution of NK cells needs to be further evaluated through

the use of depletion studies in immunocompetent animals

to specifically characterize the immune effector cells

involved in IT IC therapy.

The preclinical data presented in this report demonstrate

several unique antitumor effects of IT IC compared to

equivalent doses of systemic IC. In the NXS2 model, IC

administration resulted in significantly more tumor reso-

lutions when given IT. Complete tumor regressions are not

typical at these doses when given systemically [30].

Interestingly, IT IC also induced a tumor-specific memory

response in tumor-free mice as evidenced by multiple

rejections of NXS2 tumor rechallenges. These data indicate

the likely development of a T cell memory response fol-

lowing initial tumor eradication, similar to what we have

previously shown in an NXS2 model where T cells were

involved in the resolution of tumors due to IV IC supple-

mented with systemic IL2 [30]. The exact mechanism of

this specific immune response in our IT IC model remains

to be determined. While we observed complete resolution

of some NXS2 tumors with IT IC therapy, we have not

been able to demonstrate this curative effect against B16-

KSA melanoma at the doses tested. This may be reflective

of the quickly replicating, aggressive nature of the B16 cell

line compared to the much slower growth pattern of the

NXS2 NB cell line, as well as to differences in effector cell

functions between the A/J and C57BL/6 mouse strains. In

the same way that combination with chemotherapy seems

to augment the efficacy of IV IC [16], we hypothesize that

combination therapy using IT IC will be more effective

than IT IC alone against aggressive or more established

tumors. On-going murine studies are attempting to aug-

ment the antitumor effect of IT IC with chemotherapeutic

agents or antitumor immune stimulants such as aCD40 or

CpG [2, 3, 26]. In addition, since IV IC has been shown to

have significant antimetastatic effects, combinatorial IT

and IV IC therapy is a clinical possibility.

Also in the NXS2 model, we showed IT hu14.18-IL2 IC

had significant antitumor effects on both the primary

abdominal tumor treated directly with IT IC as well as a

distant s.c. NXS2 tumor. Although the distant tumor was

smaller at the initiation of treatment to the primary tumor,

our data support a significant antitumor effect due to IT IC

that is evident soon after IT IC administration. Here again,

IT IC therapy induced tumor resolution in some animals.

Additionally, we found that the effects at the distant tumor

required IC delivery into the tumor microenvironment.

Only IT IC, but not s.c. IC injected at a tumor-free site,

resulted in the antitumor effect seen in the non-injected

distant NXS2 flank tumors. These data suggest that the

local effects of IC at the primary tumor site may induce

systemic immunologic activity that provides a significant

antitumor effect at the doses tested. Another model of

intralesional immunomodulatory therapy, involving the

chemotactic CC chemokine CCL16, also showed both local

antitumor effects as well as reduced mortality due to distant

metastatic disease [13]. In this model, IT immunotherapy

caused attraction and activation of immune effector cells in

the tumor environment that led to significant antitumor

effects. Local administration has been tested with other

anticancer therapeutics as well. Altenschmidt, et al. used

the antibody toxin scFV(FRP6)-ETA, consisting of a mAb

against erbB2-receptor tyrosine kinase fused to Pseudo-

monas endotoxin A, against established schwannomas in a

preclinical murine model. They similarly demonstrated
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greater antitumor effect with IT administration compared

to IV injection [1]. Administration of the non-specific

immune stimulant CpG directly into s.c. CT-26 colon

adenocarcinoma and B16 melanoma has also been shown

to suppress tumor growth and increase survival in mice via

CD8+ T effector cells [35]. Finally, IT injection of the

chemotherapeutic agent doxorubicin in liposomes into

Meth-A tumors in mice showed greater suppression of

tumor growth when compared to the same agent adminis-

tered IV [17]. In the future, these individual agents may

be combined with IC to enhance the therapeutic efficacy

of each agent, with the ultimate goal of both local and

systemic tumor eradication.

Localization studies using radiolabeled 111In-GcT84.

66-IL2 IC demonstrated that IT delivery resulted in more

than an order of magnitude greater concentration of IC in

the tumor microenvironment compared to systemic IC

administration (Fig. 5). Our results are consistent with a

previous report that showed approximately 5% of the ID

of systemically injected IC was detectable in s.c. tumors

8 h later [23]. We found that over 50% of the ID was

detectable at the earliest time point after IT injection, and

that radiolabeled-IC remained detectable at later time

points than after IV IC, representing persistence of the

drug in the tumor microenvironment. These analyses

suggest that the enhanced efficacy of IT IC compared to

IV IC may be due to higher and sustained concentrations

of IC at the tumor site. We hypothesize that most of this

radioactivity is retained at the tumor by cells which have

bound the IC through specific Fab-mediated recognition

of tumor antigen by the antibody component of the IC,

thereby representing delivered drug. As non-specific IC

(which is unable to recognize tumor antigen with its Fab

component) also provides some antitumor effect when

given IT (Fig. 3a), further studies are needed to determine

how each component of the IC molecule (mAb, FcR

binding capability, IL2, or the larger complete protein)

may be additionally contributing to the overall retention

of the IC in the tumor microenvironment and the antitu-

mor efficacy after IT delivery. Finally, it should be noted

that IL2-containing IC are only one method of providing

enhanced IL2-related effects. IT injection of liposomal

IL2 or polyethylene glycol-modified recombinant IL2

have both been shown to induce significant antitumor

effects against both primary and distant non-injected

tumors in animal models [27, 31]. Comparison of IL2-

containing IC to other methods of increasing the delivery

of IL2 are indicated to understand the relative efficacy

and toxicities related to these modalities. Additionally,

comparisons of the dose-response curves of IT soluble

IL2, formulations of IL2 with longer half-lives, and IL2-

containing IC (with specific vs. non-specific antibody

components) are necessary to further characterize

the antitumor effects related to the IL2 component of

the IC.

In our studies, the antitumor effect of IT huKS-IL2 was

found to be significantly greater than that of IT adminis-

tration of either IL2 alone or the non-specific IC hu14.18-

IL2 against B16-KSA melanoma. Similarly, specific IC

hu14.18-IL2 was also found to be more effective than IL2

alone in the treatment of NXS2 tumors. The mechanisms of

IC-mediated antitumor activity are hypothesized to involve

IC binding to specific antigens expressed on the tumor cell

surface, followed by ADCC or complement mediated

cytotoxicity (CMC). The studies performed in this study

confirm that IC can localize to tumors after IV and IT

administration. Tumor cell killing after antibody binding

involves activation of FcR+ cells such as macrophages,

granulocytes, monocytes, and NK cells, as well as CMC

[37]. Since the non-specific IC resulted in a limited but

significant antitumor effect, it is likely that the localization

of IL2 and/or non-specific activation through the Fc-com-

ponent of the IC contributed to this effect. In this regard, a

previous study involving genetically-modified ICs such

that FcR-binding capability was eliminated showed that

IC-mediated antitumor effects could be obtained without

FcR-binding [11]. MAb therapy has been used effectively

in clinical trials as single agents, including the anti-GD2 Ab

3F8 and precursors to the hu14.18-IL2 IC including the

14.G2a murine mAb and ch14.18 chimeric mAb [4, 5, 14,

34]. The IL2 component of the IC augments the effects of

mAb, and has been shown to increase the number and

activation state of NK cells, as well as to stimulate tumor

cell killing by antigen-specific T-cells [36]. In addition, the

IL2 component can stimulate both NK and T-cells via the

IL2 receptor, independent of Fc or T-cell receptor binding,

respectively [10, 28, 40, 41]. Taken together, our studies

suggest that the proposed mechanisms of action for sys-

temic IC also occur when IC therapy is administered

directly to the tumor microenvironment. Currently, we are

attempting to further characterize the immune effector cells

within the tumor microenvironment and their activation

following IT IC through immunohistochemistry and flow

cytometry studies.

In summary, this study demonstrates that IT adminis-

tration of IC is more effective than IV injection.

Furthermore, the effect is greater than IT injection of IL2

alone or nonspecific IC. Complete tumor eradication of

treated and untreated tumors, with development of a

memory response, was demonstrated in immunocompetent

mice. Furthermore, in immunocompetent mice, IT admin-

istration of IC induced an antitumor effect at a distant site

that far exceeded the antitumor effect of s.c. injection of IC

into a distant site of normal skin. Further characterization

of the effector cell populations involved in the local anti-

tumor effect at the IT site and at the distant, non-injected
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tumor site following this immunotherapeutic strategy may

help to determine the local and systemic mechanisms

involved in immunocompetent mice, and enable develop-

ment of novel strategies to simultaneously activate multiple

arms of the host antitumor immune response. Further

testing is required to determine how to potentially incor-

porate IT administration of IC into a regimen with IV IC in

order to optimize local and systemic antitumor effects, and

in combination with other antitumor therapies.
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