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Abstract
Purpose—The IGF1/IGF-1R signaling pathway has emerged as a potential determinant of
radiation resistance in human cancer cell lines. Therefore we investigated the potency of
monoclonal anti-IGF-1R antibody, A12, to enhance radiation response in upper respiratory tract
cancers.

Methods and Materials—Cell lines were assessed for IGF-1R expression and IGF1-dependent
response to A12 or radiation using viability and clonogenic cancer cell survival assays. In vivo
response of tumor xenografts to 10 or 20 Gy and A12 (0.25–2 mg × 3) was assessed using growth
delay assays. Combined treatment effects were also analyzed by immunohistochemical assays for
tumor cell proliferation, apoptosis, necrosis and VEGF expression at days 1 and 6 after start of
treatment.

Results—A12 enhanced the radiosensitivity of HN5 and FaDu head and neck carcinomas in
vitro (p<0.05) and amplified the radioresponse of FaDu xenografts in a dose-dependent manner
with enhancement factors ranging from 1.2 to 1.8 (p<0.01). Immunohistochemical analysis of
FaDu xenografts demonstrated that A12 inhibited tumor cell proliferation (P<0.05) and VEGF
expression. When A12 was combined with radiation, this resulted in apoptosis induction that
persisted till 6 days from the start of treatment and in increased necrosis at day 1 (p<0.01,
respectively). Combined treatment with A12 and radiation resulted in additive or sub-additive
growth delay in H460 or A549 xenografts, respectively.
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Conclusions—The results of this study strengthen the evidence for investigating how anti-
IGF-1R strategies can be integrated into radiation and radiation-cetuximab regimen in the
treatment of cancer of the upper aero-digestive tract cancers.
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INTRODUCTION
An emerging target in molecular cancer therapy is the insulin-like growth factor receptor 1
(IGF-1R) (1–5). The IGF-1R is a hetero-tetrameric protein with 2 identical α-subunits
containing an IGF binding site and two transmembrane β-subunits that possess intrinsic
tyrosine kinase activity. Binding of IGF results in conformational changes of the IGF-1R
and autophosphorylation of tyrosine residues (6). Major downstream signalling pathways of
IGF-1R are Ras-Raf-mitogen-activated protein kinase and phosphatidylinositol 3-kinase
(PI3K)/Akt signaling cascades (7–9). IGF-1R signaling can stimulate a wide variety of
responses in cells, including proliferation, differentiation, adhesion and motility,
angiogenesis and survival (6). Experiments using a constitutively active IGF-1R construct
demonstrated that altered IGF-1R signaling promoted tumorigenesis in the mouse mammary
gland (10). Further, expression of a dominant-negative IGF-1R blocked transformation of
murine fibroblasts by Ras (11). The fundamental role of IGF-1R as a cell survival factor has
been shown in a variety of cell types and IGF-1R expression is inversely related to
susceptibility to apoptosis (12–13). Clinical studies demonstrated that circulating IGF1
levels are associated with increased risk for development of colorectal, prostate, breast and
lung cancer (3). High expression of IGFs and IGF-1R has been associated with tumor
metastasis in preclinical studies (14–16). However, in MCF-7 breast cancer cells, lower
expression of IGF-1R was associated with metastasis (17).

There is increasing evidence suggesting that IGF-1R mediates treatment resistance to
cytotoxic agents (8,18–22) and ionizing radiation (23–27). For example, it was demonstrated
that downregulation of IGF-1R by antisense RNA impaired activation of ATM kinase and
enhanced radiosensitivity in mouse melanoma cells (25). Mechanistically, IGF-1R inhibition
was found to inhibit repair of radiation-induced DNA damage manifested by prolonged
expression of phosphorylated histone H2AX (23) and through interference with Ku-DNA
binding and Ku86 expression (24). An additional mechanism of radiosensitization
demonstrated in vitro in non-small cell lung cancer cells included radiation-induced
activation of the IGF-1R as a cell-protective stress response because its impairment
enhanced lung cancer cell radiosensitivity (24).

Several preclinical studies were conducted using monoclonal anti-IGF-1R antibody A12
(Imclone Systems Incorporated, NY) (20,28). A12 demonstrated activity against a wide
range of human tumor types in vitro as well as in xenograft and orthotopic tumor models.
The effects of A12 were initially evaluated in a series of studies involving human MCF7
breast, BxPC-3 pancreas and Colo205 colon carcinomas (28). In these tumors, A12
demonstrated significant inhibition of growth based on antiproliferative and proapoptotic
effects (28). A12 also demonstrated potency to enhance the effects of cytotoxic agents. In
myeloma models, A12 enhanced the effects of melphalan or bortezomib thereby prolonging
survival (21). In an androgen-independent prostate cancer model, the combination of A12
and docetaxel resulted in greater anticancer activity than docetaxel alone (22). A recent
study by Allen and colleagues showed that A12 enhances the effect of radiation in different
lung cancer cell lines in vitro (23). In H460 lung cancer xenografts, the combination of 1.5
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Gy given once a week with twice-weekly A12 (1 mg per mouse) for a total period of 4
weeks was shown to significantly inhibit tumor growth (23).

Based on preclinical results an extensive clinical research program has been initiated testing
A12 (cixutumumab) alone or in combination with other agents in various cancers, including
non-small cell lung cancer (NSCLC) and head and neck carcinoma (HNC). So far, 29
clinical trials were registered on the NIH website (clinicaltrials.gov). However, none of
these trials tested A12 in combination with radiation.

The present study was undertaken to first investigate whether A12 potentiates the response
of a human HNC and NSCLC models to radiation and to quantify the magnitude of
enhancement achievable and its dependence on IGF-1R expression level.

MATERIALS AND METHODS
Cell culture

Human HNC cell line HN-5 (kindly provided by Dr. Zhen Fan, University of Texas M. D.
Anderson Cancer Center, Houston, TX) and NSCLC cell lines H460 and A549 (ATCC;
Manassas, Va) were maintained in DMEM/F-12 medium supplemented with 10% fetal calf
serum and 10,000 U/ml of penicillin-streptomycin. A human HNC, FaDu (ATCC;
Manassas, Va.) was maintained in MEM medium supplemented with 10% fetal calf serum,
10,000 U/ml penicillin-streptomycin and 1% non-essential amino acids.

A12 monoclonal antibody
The fully human IgG1 monoclonal antibody IMC-A12 (A12) was provided by ImClone
Systems Incorporated (NY). This antibody was engineered to selectively bind to the IGF-1R
and was developed by screening a human Fab phage display library to specifically yield a
high-affinity monoclonal antibody (4.11 × 10−11 mol/L; IC50, 0.6-1 nmol/L). A12 readily
cross-reacts with the mouse IGF-1R (20).

Clonogenic cell survival determination
Between 50 and 400 cells were plated in 6 cm dishes in triplicate. The next day, the cells
were exposed to A12 (100 nM), and 5 h later they were irradiated with graded doses (2 or 4
Gy) of γ-rays using a 137Cs source (3.7 Gy/min). The cells were left in the incubator with
A12 in the medium. The medium was changed 67h after radiation (total 72 h of A12
treatment) and the cells were incubated in drug free medium. Cells were stained after 14
days with 0.5% crystal violet in absolute ethanol, and colonies with more than 50 cells were
counted under a dissection microscope. For treatment with IGF1 with or without A12, FaDu
cells were plated in 10% serum containing culture media and after 24 hours media was
changed to 0.5% serum media. The next day (16 h later) cells were exposed to A12, IGF1
(50 ng/ml), or A12 + IGF1 followed by radiation at five hours after A12 treatment. When
A12 and IGF1 were combined, A12 was added 4 hours before IGF1, because such time
period resulted in inhibition of IGF-1R activity including receptor downregulation (28).
Radiation survival curves were plotted after normalizing for the cytotoxicity induced by A12
alone. Clonogenic survival curves were constructed by fitting the survival levels using least
squares regression by the linear quadratic model (29). Clonogenic assays were plated in
triplicate and were repeated as independent experiments at least twice.

Immuno-precipitation and Western blot analysis
In vitro cell cultures were exposed to IGF1, A12 or both, similar to regimens summarized
above, and cell lysates were subjected to immuno-precipitation using anti-IGF-1R antibody,
after which Western analysis was performed as described (30) to detect phosphorylated form
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of IGF-1R (p-IGF-1R). Anti-IGF-1R and p-IGF-1R antibodies were purchased from Cell
Signaling (Danvers, MA).

Tumors and mice
Nude (nu/nu) mice were used for xenograft experiments, female mice for FaDu and male
mice for H460 and A549. Animals were housed 5 per cage in facilities approved by the
American Association for Accreditation of Laboratory Animal Care in accordance with
current regulations and standards of the U.S. Department of Agriculture and Department of
Health and Human Services. Tumor cell suspensions were prepared from cells grown as
monolayer in vitro. For generation of intramuscular (i.m.) tumors FaDu, H460 and A549
tumor cells were inoculated at concentrations of 1 × 106 (H460 and FaDu) or 5 × 106 (A549)
into the hind legs of mice. The studies were initiated when the tumors had grown to 7–8 mm
in diameter. Groups consisted of 8–10 mice each. All animals were examined twice to thrice
weekly after commencement of experiments for measurement of tumor diameter. For
growth delay assays mice were sacrificed when tumors had grown to 14–15 mm in diameter.

In vivo tumor irradiation
Irradiation was performed using a 137Caesium unit (dose rate 3.7 Gy/min). Mice were
immobilized in a jig, and tumors were centered in a 3-cm-diameter circular field.

Immunohistochemistry
Three tumors for each condition were excised at three days after the second dose of A12.
After fixation in 10% neutral-buffered formalin, 4-μm tissue sections were cut and mounted
on silane-coated slides. The sections were then deparaffinized in xylene and rehydrated
through decreasing ethanol concentrations to water. After deparaffinization and rehydration
as above, the sections were washed twice for 5 min in PBS. For proliferation marker Ki-67
staining, tissue sections were incubated with purified mouse anti-human Ki-67 antibody
(clone B56, BD Pharmingen, San Diego, CA) at a dilution of 1:30. The Ki-67 labeling index
(LI) was defined as the percentage of positive nuclei out of at least 103 cells counted per
tumor. For detection of VEGF expression a rabbit anti-human anti-VEGF antibody (A-20,
Santa Cruz Biotechnologies, Santa Cruz, CA) was used at 1:100 dilution. VEGF and Ki-67
were detected with secondary donkey anti rabbit -FITC (Jackson ImmunoResearch, West
Grove, PA), goat anti mouse – FITC (Sigma, St. Louis, MO) 1:100 respectively, followed
by counterstaining with propidium iodide. IGF-1 expression was investigated by using a
rabbit polyclonoal antibody (H-70, Santa Cruz Biotechnologies, Santa Cruz, CA) at 1:50
dilution and detection was performed by Rabbit Elite Kit (Vector Laboratories, Burlingame,
CA). Apoptosis was investigated by the terminal nucleotidyl transferase–mediated nick end
labeling (TUNEL) method according to the protocol of the manufacturer (Apop TAG Kit
Intergen, Burlington, MA).

Statistical analysis
For statistical comparisons unpaired t-test with two tailed p-values was performed using
graph pad software.

RESULTS
Sensitivity of head and neck cancer cell lines to A12 and radiation

The level of IGF-1R expression in HNC cell lines was measured by immunoblotting of total
protein derived from HN5 and FaDu cells. Fig. 1A shows that IGF-1R was expressed at
higher levels in HN5 than in FaDu cells. Subsequently, we determined the effect of the drug
alone on the cell lines using the MTT assay. The cells were treated with increasing
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concentrations of A12 (1 to 500 nM) for 3 days. Fig. 1B shows that A12 had moderate
effects in reducing the number of viable cells and that the effects were correlated with the
level of IGF-1R expression.

The effect of A12 on cellular radiosensitivity was assessed by the clonogenic cell survival
assay. At 24 hours after plating, cells were exposed to 100 nM A12 for five hours before
radiation with 2 or 4 Gy. After 14 days the colonies were stained and counted, and the
survival curves were constructed. Fig. 1C shows radiation enhancement by A12 in HN5
(p<0.05; EF=1.74 at 0.5 survival fraction), whereas the effect was only additive in FaDu
cells grown in 10% serum conditions.

Effect of ligand-receptor interaction on radiation response (IGF1-induced radiation
resistance is abrogated by A12 in FaDu)

This component of the study addressed whether the lack of radiation enhancement in FaDu
by A12 was dependent on the presence of IGF1, a ligand that is often upregulated in tumors
such as FaDu (31). FaDu cells were plated in 10% medium and after 24 hours of serum
deprivation (0.5% FCS) cells were exposed to A12, IGF1, or A12 + IGF1 with or without
radiation given at five hours after A12 treatment. The effects of IGF1 and A12 on receptor
expression were assessed with Western Blot. Since FaDu cells in vitro express low baseline
p-IGF-1R, immuno-precipitation of IGF-1R protein was performed first and then analyzed
for expression of p-IGF-1R by Western blots. As shown in Fig. 2A, exposure of cells to
IGF1 induced phosphorylation of IGF-1R, which was completely abolished by A12. Fig. 2B
shows that incubation of FaDu cells with IGF1 (50 ng/ml) increased cell viability and
radiation resistance and A12 counteracted the effects of IGF1 (p<0.05, respectively). Next
we performed a clonogenic cell survival assay in low serum (0.5% FCS) + IGF1 conditions
(50 ng/ml). For this experiment FaDu cells were plated in normal growth medium, serum-
deprived after 24 hours (0.5% FCS) and treated with A12 (5 hours pretreatment) and
radiation (2 or 5 Gy) in the presence of IGF1 (50 ng/ml). At 67 hours after radiation the
medium was changed to normal growth medium. As shown in Fig. 2C, A12 enhanced the
dose-dependent reduction of clonogenic survival by radiation in FaDu cells in IGF1 rich
conditions (p<0.05, EF=1.40 at 0.5 survival fraction).

A12 enhanced the response of FaDu xenografts to radiation
To recapitulate in vitro findings, tumor xenografts established in nude mice were treated
with increasing doses of A12 (between 0.25 and 2 mg) and single dose radiation (10 or 20
Gy) when reaching 7–8 mm in diameter. When given together, A12 was injected 6 hours
before radiation. As shown in Table 1 and Fig. 3, A12 at doses from 0.25 to 2 mg (data of 2
mg not shown in Fig. 3) induced negligible tumor growth delay without a clear dose-
dependency. However, combining A12 with radiation resulted in dose-dependent and
significant enhancement at the 1 to 2 mg dose level (p<0.01). The enhancement factors
ranged from 1.2 to 1.8 (Table 1). Immunohistochemical analysis showed that FaDu
xenograft expressed high levels of IGF-1 in vivo (Fig. 3C, right panel).

In vivo effect of A12 on tumor cell proliferation, apoptosis and angiogenesis
Immunohistochemical analysis was subsequently performed to assess the effect of A12 and/
or radiation at cellular level. Tumors were excised, three per treatment group and time point,
at days 1 and 6 after start of A12 treatment (1 mg × 3), radiation (10 Gy), or their
combination. Tumor cell proliferation was assessed by Ki-67 staining, apoptosis by terminal
nucleotidyl transferase–mediated nick end labeling (TUNEL), and necrosis by quantitative
pixel analysis of H&E stained sections. Fig. 4 shows that at 24 hours after start of combined
treatment with A12 and radiation tumors exhibited a significant reduction in proliferation
(p<0.05) and an increase in the proportion of apoptotic cells and necrotic area relative to
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controls (p<0.01, Fig. 4A, B and C) and that the significant increase in apoptosis persisted
until day 6 (p<0.01, Fig. 4B).

It has been demonstrated that IGF-1R signaling is involved in regulation of VEGF
expression in many tumor models in vitro (32–34). Therefore, we performed VEGF staining
of tumor sections, which showed (Fig. 4D) that FaDu tumors express significant levels of
VEGF and treatment with A12, particularly in combination with radiation, potently inhibited
VEGF expression at 30 hours (corresponding to 24 hours after radiation). This effect could
still be observed at day 6 (data not shown).

Effect of A12 and radiation on lung cancer xenografts
It has been recently demonstrated that A12 (1 mg) given twice weekly in combination with a
weekly 1.5 Gy regimen for 4 weeks induces significant reduction of tumor growth in H460
lung carcinoma xenografts. To investigate if A12 would enhance tumor radiation response in
human lung cancer xenografts with different growth kinetics, we performed tumor growth
delay studies on two human lung cancer lines grown as xenografts in mice. Human H460
and A549 non-small cell lung cancer (NSCLC) xenografts were treated at 7 mm in diameter
with A12 (1mg × 3), 10 Gy or combined. In H460 tumors (Fig. 5A), A12 by itself induced a
minor delay in tumor growth, which was less than the effect of 10 Gy single dose radiation.
Combining A12 with RT increased tumor growth delay but the effect was not supra-additive
(EF 1.2, p=0.2). In A549 tumors (Fig. 5B), A12 and RT given alone delayed tumor growth
considerably. Adding A12 to RT, however, only induced a transient enhancement of tumor
regression for up to about 15 days, after which the effect was minimal (EF 1.1, p = 0.7) or
even less than additive after 45 days.

DISCUSSION
The combination of inhibitors of IGF1/IGF-1R signaling pathway with ionizing radiation
has been considered a promising novel treatment approach (23–27). The concept emerged
from preclinical studies using IGF-1R and ATM gene knock-out systems demonstrated
IGF-1R-dependent radiation sensitivity and capacity of AT and mouse melanoma cells to
repair radiation-induced DNA damage (25–26). Several in vitro studies demonstrated that
IGF-1R antagonists induced tumor cell apoptosis (5,12,35–37) and cell cycle arrest (36,38).

One recent study showed that stimulation of U87 glioblastoma cells with IGF1 induced
radiation resistance (24). However, only one study so far investigated the effect of IGF-1R
inhibition and radiation in an in vivo xenograft model (23). This study showed, using H460
human NSCLC xenograft, that treatment with 1 mg of A12 twice weekly in combination
with weekly doses of 1.5 Gy induced significant inhibition of tumor growth. Given the
potential for clinical application, we investigated the effects of IGF-1R inhibition by A12 in
combination with radiation in HNC and NSCLC models with different IGF-1R expression
and growth kinetics. Data obtained from in vitro work on HNC cell lines suggest that
radiation sensitization by A12 correlated not only with the expression levels of IGF-1R but
also with the presence of its ligand IGF1 in the culture media. Western blot analysis showed
that IGF1 induced activation of IGF-1R that was blocked by A12 corroborating the
clonogenic cell survival data. These findings point to the importance of accounting for
tumor microenvironment when conducting in vitro studies.

In FaDu xenografts, we showed that A12 significantly enhanced tumor response to RT.
Morphologically, A12 alone significantly suppressed proliferation and inhibited VEGF
expression whereas RT alone induced apoptosis and terminal differentiation (data not
shown). The combination of A12 with RT resulted in the occurrence of patchy tumor
necrosis that did not exhibit TUNEL staining. This observation in combination with the
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finding of reduced VEGF expression by immunohistochemistry suggests that, in addition to
its direct effect on cellular radiation sensitivity, A12 exerts an indirect antiangiogenic
activity, particularly when combined with RT. Potent suppression of VEGF by inhibition of
IGF1/IGF-1R signaling has been demonstrated in a panel of colorectal carcinoma cell lines
(14,32,34) and L3.6pl pancreatic cancer (33). In addition, one of our previous experiments
testing selective antibodies against VEGFR2 demonstrated that FaDu xenografts are highly
sensitive to inhibition of VEGF/VEGFR2 in combination with RT.

In human lung cancer models H460 and A549, A12 and RT resulted in additive (H460) or
near additive growth delay (A549). Of note is that in A549, combined treatment resulted in
substantial early tumor regression but tumors began to regrow around day 10, which was 4
days after the last A12 administration. These data suggest that a prolonged administration of
A12 might be necessary in some tumors. Comprehension of molecular mechanisms
governing tumor response to inhibitors of epidermal growth factor receptor (EGFR) has
been improving steadily over the last few years. Similar lines of investigation are needed for
elucidating which tumors mostly depend on IGF-1R signaling and how to best target this
pathway for enhancing tumor response will contribute to rational therapy selection.

One of the current treatment options in patients with locally advanced HNSCC is the
combination of a monoclonal antibody against EGFR, cetuximab, and radiotherapy (39).
Interestingly, several recent studies demonstrated that IGF1/IGF-1R signaling confers
resistance to treatment with EGFR inhibitors (7,40–42). One study, for example, showed
that stimulation of head and neck cancer cells with either IGF or EGF resulted in IGF-1R
and EGFR receptor heterodimerization, but only IGF caused activating phosphorylation of
both receptors (43). This observation suggests that upregulation of IGF-1R could be an
important escape mechanism circumventing the effects of EGFR inhibition. In further
support of this notion is the finding that combined treatment with cetuximab and A12 was
more effective than either treatment alone at reducing cell proliferation and migration in
TU159 orthotopic tongue cancer xenografts (43). Thus, the integration of inhibitors of
IGF-1R and EGFR with radiation is promising and requires well-organized preclinical and
clinical investigation.
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Fig. 1.
Sensitivity of head and neck squamous cell carcinoma (HNSCC) cell lines HN5 and FaDu to
treatment with A12 in combination with radiation. (A) Western blot analysis of IGF-1R
expression. (B) The cells were incubated with increasing concentrations of A12 (1–100 nM)
and viability of treated cells relative to untreated cells at 72 hours was assessed using MTT
colorimetric assay. Statistical significance of A12 effect was reached for HN5 at 10 nM and
for FaDu at 100 nM dose levels (p<0.05). (C) Effect of A12 on radiosensitivity of HNSCC
cells in culture. Cells were plated in defined cell numbers for 24 hours, then treated with
A12 (100 nM) for five hours before radiation. The numbers of colonies were counted 14
days later and the survival curves were constructed with normalized values for the
cytotoxicity induced by A12 alone. The average results of three independent experiments
(HN5, *p<0.05, EF=1.74 at 0.5 survival fraction) or representative single experiments in
triplicate (FaDu) are shown. Bars represent ± SE.
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Fig. 2.
Effects of IGF1 on cell viability and radiation response of FaDu tumor cells in vitro. The
cells were plated in 10% serum and allowed to attach overnight, then they were incubated in
serum deprived (0.5%) medium for 72 hours. At 24 hours after start of serum deprivation the
cells were irradiated. A12 was added four hours before IGF1 and five hours before radiation.
(A) Immuno-precipitation and Western blot analysis of FaDu lysates after exposure to
IGF-1, A12 or both. IGF-1R antibody was used to immuno-precipitate IGF-1R protein and
p-IGF-1R antibody was used in immuno-blot analysis. (B) Cell viability was assessed at 48
hours after radiation (and 72 hours after serum deprivation) using the MTT colorimetric
assay. *p<0.05. (C) Radiation cell survival curves with or without A12. A12 significantly
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enhanced radiation response of FaDu to 5 Gy (p<0.05, EF=1.40 at 0.5 survival fraction). In
A and B the results of two independent experiments (in triplicate) are shown. Bars represent
± SE.
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Fig. 3.
Effect of A12 and radiation on the growth of FaDu xenograft tumors. Nude mice bearing 7
mm tumors in hind legs were treated with A12 (three injections of 0.25 to 1 mg per mouse
given three days apart) and/or local tumor radiation (10 or 20 Gy). When both treatments
were combined A12 was given at 6 hours before radiation. (A) Representative growth delay
assay with 1 mg A12 x3. In the group treated with 10 Gy + A12, two out of nine tumors
regressed completely at 24 and 28 days, respectively. (B) The graph shows normalized
growth delays (time to grow from 8 to 12 mm in the mice treated with the combination of
A12 and radiation minus the time in days to reach 12 mm in mice treated with A12 alone) of
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20 Gy single dose in combination with increasing doses of A12. *p<0.01. (C)
Immunohistochemical analysis of IGF-1 expression in FaDu xenografts (right panel).
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Fig. 4.
Immunohistochemical analyses of FaDu tumors. Mice were treated with A12 (1 mg × 3),
radiation (10 Gy), or their combination at a tumor diameter of 7 mm. When both treatments
were combined A12 was given 6 hours before radiation. Cell proliferation (Ki-67), apoptosis
(TUNEL), and necrosis (area by pixel analysis on H&E stained tumor sections) were
assessed at 1 and 6 days (panels A–C) after start of treatment. At least three tumors per
treatment group and time point were analyzed and at least 103 tumor cells were counted.
Panel D shows pictures (x 100) of VEGF expression (yellow) and nuclear staining (red) at
24 hours after radiation (i.e., 30 hours after A12 treatment). Bars represent mean values ±
standard errors (SE). *p<0.05, **p<0.01.
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Fig. 5.
Effect of A12 on the response of H460 and A549 lung cancer xenografts to radiation. Nude
mice bearing 7 mm tumors in the hind legs were treated with A12 (1 mg per mouse × 3
given three days apart) and/or local tumor radiation (10 Gy). When both treatments were
combined A12 was given 6 hours before radiation. Combined treatment with RT and A12
resulted in at least additive growth delay (time from 7 to 12 mm) in H460 and, after initial
transient tumor regression, in additive to sub-additive growth delay in A549 xenografts at 60
days after start of treatment (Enhancement factors: 1.2 and 1.1; p-values: 0.17 and 0.7;
respectively).
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