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Preclinical modeling of EGFR inhibitor resistance
in head and neck cancer
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The epidermal growth factor receptor (EGFR) is widely expressed in head and neck squamous cell carcinomas (HNSCC)
and can activate many growth and survival pathways within tumor cells. Despite ubiquitous EGFR expression, therapies
targeting the receptor are only modestly effective in the treatment of HNSCC. A consistent mechanism of resistance to
EGFR targeting agents has not yet been identified in HNSCC likely due, in part, to the paucity of preclinical models. We
assessed the in vitro and in vivo responses of a panel of 10 genotypically validated HNSCC cell lines to the EGFR inhibitors
erlotinib and cetuximab to determine their validity as models of resistance to these agents. We defined a narrow range
of response to erlotinib in HNSCC cells in vitro and found a positive correlation between EGFR protein expression and
erlotinib response. We observed cross-sensitivity in one HNSCC cell line, 686LN, between erlotinib and cetuximab in
vivo. We attempted to generate models of cetuximab resistance in HNSCC cell line-derived xenografts and heterotopic
tumorgrafts generated directly from primary patient tumors. While all 10 HNSCC cell line xenografts tested were sensitive
to cetuximab in vivo, heterotopic patient tumorgrafts varied in response to cetuximab indicating that these models
may be more representative of clinical responses. These studies demonstrate the limitations of using HNSCC cell lines to
reflect the heterogeneous clinical responses to erlotinib and cetuximab, and suggest that different approaches including
heterotopic tumorgrafts may prove more valuable to elucidate mechanisms of clinical resistance to EGFR inhibitors in

HNSCC.

Introduction

Head and neck cancer accounts for approximately 4% of all
malignancies in the United States' and it is the sixth most com-
mon cancer worldwide.? The 5-year survival rate for squamous cell
carcinoma of the head and neck (HNSCC) is approximately 50%?°
despite aggressive multimodality therapy. Wild type EGFR protein
is expressed at moderate to high levels in up to 90% of HNSCC
where EGFR expression levels have been reported to correlate with
decreased survival.*> There are currently two primary approaches to
targeting EGFR, monoclonal antibodies against EGFR (mAb) and
small molecule tyrosine kinase inhibitors (TKI) specific for EGFR.

The EGFR antibody cetuximab was FDA-approved for the
treatment of primary HNSCC in 2006 in combination with
radiation and in 2011 in combination with platinum for recur-
rent or metastatic disease, based on positive clinical trial results.®
However, despite some evidence of clinical activity, many patients
remain resistant to these agents. EGFR TKIs have been studied
and despite demonstrated clinical response rates of about 5-10%
there are no positive phase I1I trials.” Elucidating mechanisms of
intrinsic resistance has proven challenging, partially due to the
lack of preclinical models available with which to study EGFR
inhibitor resistance in HNSCC.

*Correspondence to: Jennifer R. Grandis; Email: grandisjr@upmc.edu
Submitted: 03/20/12; Revised: 05/04/12; Accepted: 05/22/12
http://dx.doi.org/10.4161/cbt.20846
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Cetuximab is currently the only EGFR targeting agent
approved by the Food and Drug Administration for the treat-
ment of head and neck cancer. Data suggests that approximately
85% of heavily pre-treated HNSCC patients have primary resis-
tance to cetuximab when used as a monotherapy.® There are cur-
rently no models of this type of resistance in HNSCC that have
been published to date. This may be due to challenges of detect-
ing growth inhibition with cetuximab treatment in vitro.”!?

Estimates from other cancers suggest that acquired resistance
to cetuximab is a common phenomenon." Acquired resistance
to cetuximab is traditionally modeled by growing cells in vitro
under chronic exposure to increasing concentrations of drug
to select for cells that can grow in the presence of cetuximab.
This approach has been used to generate a model of resistance
to cetuximab in HNSCC, although the reproducibility of cetux-
imab resistance has been challenging.'?

Efforts to generate models of cetuximab resistance from xeno-
graft tumors in vivo have been limited to date. One group was
able to generate xenografts derived from a colon cancer cell line
that re-grew in the presence of cetuximab, but these tumors were
generated from a cell line known to harbor an activating K-Ras
mutation.” Others reported an in vivo model of cetuximab
resistance but were unable to propagate the model.” We previously
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Figure 1. HNSCC cells demonstrate a relatively narrow range of sensitivity to erlotinib. A panel of eight HNSCC cell lines (HN-5, PCI-15B, 686LN, OSC-19,
UM-22B, SCC1, CAL33, UM-22A) were treated in triplicate with erlotinib for 72 h followed by MTT assay. Relative IC, s were calculated from three inde-
pendent experiments. IC, values range from 1.56-6.6 LM in HNSCC cell lines. HeLa cells were used as a control to demonstrate in vitro resistance to
erlotinib (IC, = 44.60 uM).

generated an in vivo model of cetuximab resistance using a blad-
der cancer cell line known to harbor an H-Ras mutation.!?
EGER is also targeted clinically with erlotinib, a TKI, and
several groups have generated models of acquired resistance to
the EGFR TKI erlotinib using HNSCC cell lines.”'¢ Like with
cetuximab, these models have been created by exposing an erlo-
tinib-sensitive cancer cell line to increasing concentrations of
erlotinib in vitro over an extended period of time. These models
can theoretically be used to study acquired resistance to erlotinib,
a phenomenon that is thought to occur eventually in nearly all
patients who are treated with TKI. Studies in other cancer types
suggest that the majority of EGFR-expressing tumors, however,
demonstrate primary resistance to EGFR TKIs."” Modeling pri-
mary resistance to etlotinib in preclinical models is challenging
due to the relatively arbitrary nature of establishing dose thresh-
olds for erlotinib response using in vitro cell systems. Many
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breast and lung cancer cell lines demonstrate IC, s that are below
10 pM for erlotinib, where acquired models of erlotinib resis-
tance typically have IC_s exceeding 10 uM."*"

In the current study, we attempted to generate in vivo models
of cetuximab resistance in HNSCC. We also sought to assess the
range of responses of a panel of HNSCC cell lines to erlotinib
and cetuximab to establish the role of HNSCC cell lines as mod-
els of resistance to EGFR inhibitors.

Results

HNSCC cell lines have a narrow range of sensitivity to erlotinib.
Because many HNSCC tumors are initially resistant to erlotinib
treatment, we chose to focus our studies on models of primary
resistance. We obtained the previously published isogenic cell

pair consisting of the HNSCC cell line 686LN and its subclone
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with acquired resistance to erlotinib, 686LNR30.? However,
cellular genotyping to confirm the isogenicity of these cell lines
determined that the resistant subclone was not an HNSCC cell
line but rather a type of cervical cancer cell line, HeLa. These
erlotinib-resistant HeLa cells were thus included as an erlotinib
resistant control cell line while we determined responses to erlo-
tinib across a panel of HNSCC cell lines with the goal of identi-
fying primary resistance to erlotinib in HNSCC.

We performed cell viability assays on a panel of eight HNSCC
cell lines after 72 h of growth in the presence of erlotinib or vehi-
cle control to determine erlotinib sensitivity. There was a nar-
row range of erlotinib IC s from 1.56 uM (HN-5) to 6.6 pM
(UM-22A, Fig. 1). One published report describes the response
of 27 cell lines to erlotinib,?! but these cell lines were not geno-
typically validated so the authenticity of these models cannot be
verified. Because all of the validated HNSCC cell lines that we
tested demonstrated IC_ s to erlotinib below 10 pM, we included
HeLa cells as an erlotinib-resistant control (IC, = 44.60 uM).
The narrow range of IC s to erlotinib in HNSCC cell lines,
coupled with the scarcity of information regarding intratumoral
erlotinib concentrations in head and neck cancer, underscores
the challenges of delineating sensitivity vs. resistance based on
in vitro data.

To determine erlotinib sensitivity in vivo, we used 686LN as
a representative HNSCC cell line since the range of sensitivities
to erlotinib was relatively narrow. HeLa cells were employed to
generate an EGFR-inhibitor resistant model in vivo. Nine mice
were inoculated with equal numbers of 686LN and HelLa cells
on opposite flanks and we observed a significant difference in
tumor volumes following 10 d of erlotinib treatment (p = 0.0036,
Fig. 2). Tumors derived from HelLa cells were not sensitive to
erlotinib in vivo, while 686LN cells were significantly growth
inhibited by erlotinib treatment. We next tested these models for
cetuximab responses in vivo, to determine if cross-sensitivity to
EGER inhibitors occurs using HNSCC cell line-derived xeno-
grafts. To that end, nine mice were inoculated with equal num-
bers of 686LN and HeLa cells on opposite flanks and following
10 d of cetuximab treatment we observed a significant difference
in tumor volumes between 686LN and HeLa cells (p = 0.0013,
Fig. 2). These data demonstrate that 686LN cells are sensitive to
EGER inhibition in vivo, and that response to EGFR inhibition
is consistent for both cetuximab and erlotinib, implying a shared
mechanism of sensitivity to these inhibitors.

Sensitivity to erlotinib correlates with EGFR protein expres-
sion levels. High EGFR expression levels have been reported to
correlate with enhanced clinical responses to erlotinib in head
and neck cancer and non-small cell lung cancer patients.?*%° This
suggests that erlotinib-resistant cells may not be dependent on
EGER signaling. To test this in our models, we first determined
the cell surface levels of EGFR in 686LN cells, which we have
shown to be sensitive to both erlotinib and cetuximab in vitro
and in vivo, compared with HeLa cells, which we have shown to
be resistant to both erlotinib and cetuximab in vitro and in vivo.
We detected a lower number of EGFR-negative cells in 686LN
vs. HeLa (0.20 + 0.01% for 686LN cells and 14.85 + 0.24% for
HeLa cells, p = 0.0003, Fig. 3A).

www.landesbioscience.com
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Figure 2. 686LN cells are sensitive to erlotinib in vivo. (A) The HNSCC
cell line 686LN was used to create xenografts in nude mice from one
million cells per xenograft with Matrigel (n = 9). Hela cells were used as
an erlotinib-resistant control at a rate of one million cells per inocula-
tion to create erlotinib-resistant control xenografts (n = 9). Animals
were treated with 50 mg/kg erlotinib five times per week by oral gavage
and a significant difference in tumor volumes was observed between
the two cell lines on day 10 (p = 0.0036). (B) The 686LN cell line was used
to create xenografts in nude mice from one million cells per xenograft
with Matrigel (n = 9). HeLa cells were used as a cetuximab-resistant
control at a rate of one million cells per inoculation to create xenografts
(n=9). Animals were treated with a higher than therapeutic dose of
cetuximab, 2 mg weekly, by intraperitoneal injection and a significant
difference in tumor volumes was observed between the two cell lines
on day 10 (p = 0.0013).

We attempted to extrapolate this finding to our panel of eight
HNSCC cell lines by assessing EGFR protein expression levels
from whole cell lysates normalized it to B-tubulin expression lev-
els in the same lysates (Fig. 3B). A Spearman correlation analysis
of densitometry from three representative experiments showed a
statistically significant correlation between EGFR protein level
and erlotinib response in vitro (r = -0.8333, p = 0.0154, Fig. 3C).

HNSCC cell line-derived xenografts are uniformly sensitive
to therapeutic doses of cetuximab in vivo. Based on our previ-
ous success in generating a model of cetuximab resistance using
bladder cancer cells,'* we attempted to generate models of cetux-
imab resistance using a similar approach in a panel of HNSCC
cell lines. Our previous study was conducted using a starting dose
of cetuximab that is equivalent to four times the human dose of

Cancer Biology & Therapy 937
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Figure 3. EGFR protein levels correlate with sensitivity
to erlotinib. (A) 686LN cells have higher levels of EGFR
on the cell surface compared with the EGFR-inhibitor
resistant HelLa cell line. Live cell sorting was used on
686LN cells and Hela cells with gating to exclude cells
that uptake propidium iodine and to identify a popula-
tion of low-EGFR expressing cells (0.20 + 0.01% for
686LN cells and 14.85 + 0.24% for HeLa cells). (B) Whole
cell lysates were created from cells plated at 70% conflu-
ency in standard media and proteins were resolved
and immunostained (o-EGFR, BD Transduction Labs).
Densitometry was calculated as an average from three
independent experiments. (C) Spearman correlation of
EGFR protein level with erlotinib IC, .

of cetuximab to mimic the therapeutic dose used in
humans (0.4 mg/week). We attempted to generate
six xenografts each from eight HNSCC cell lines:
PCI-52, UM-22A, HN-5, 1483, CAL27, OSC-
19, SCC1 and SCClc8. Each of these cell lines
has been reported previously in the literature to
form tumors in mice.”” The SCC1c8 cell line is the
reported model of cetuximab resistance generated
in vitro from the HNSCC cell line SCC1.2® Neither
SCC1 nor SCCc8 were resistant to cetuximab in
our previous study.?

Treatment was initiated when tumors were
palpable (generally 5-7 d post-inoculation) with
low doses of cetuximab (0.4 mg weekly dosed as
0.2 mg twice per week) with the rationale that
treating smaller tumors with lower doses of cetux-
imab would facilitate the selection of resistant
tumor cells. When treatment began, the median
tumor volume was < 40 mm?® across all tumor
types. All but three tumors responded to treatment
with this low dose of cetuximab (Fig. 4). We main-
tained cetuximab treatment for a total of 2—-3 mo
for each cell line xenograft model to determine the
incidence of spontaneous tumor recurrence as was
observed for in vivo generated models of trastu-
zumab resistance.”” However, no HNSCC cell
line-derived xenograft recurrence was observed; all
but three cell line-derived xenografts were sensitive
to cetuximab.

Three tumors demonstrated persistent growth
in the presence of cetuximab treatment, one xeno-
graft from the PCI-52 cell line (PCI-52A) and two
xenografts from the OSC-19 cell line (OSC-19E
and OSC-19F, Fig. 4). We were unable to isolate
any epidermal cells in culture from the PCI-52A
xenograft; only fibroblasts were grown from this
tumor in culture and differential digestion meth-
ods were unsuccessful to remove contaminating
fibroblasts. Further, cells isolated in vitro from
PCI-52A did not generate new xenografts when

inoculated into another athymic nude mouse. Likewise, cells
from the OSC-19E tumor did not propagate in culture or as a
xenograft when inoculated into another athymic nude mouse.

Volume 13 Issue 10



Cells from OSC-19F failed initially to grow in cul- A100

ture, but they did form another small xenograft that
never exceeded 15 mm?®. Efforts to propagate this
secondary tumor were unsuccessful in culture or
as another xenograft suggesting a paucity of viable
tumor cells in this tumor.

HNSCC cell line-derived xenografts are sensi-
tive to sub-therapeutic doses of cetuximab in vivo.
In an attempt to generate models of cetuximab resis-
tance from HNSCC cell-line derived xenografts, we
used larger starting tumor volumes and lower doses of

TUMOR VOLUME (mm?3)

cetuximab. Increases in gross tumor volume have been
shown to decrease response to cetuximab in HNSCC
patients,®® so we hypothesized that increasing tumor
volumes concurrently with decreasing the starting
dose of cetuximab may permit the selection of cetux-
imab resistant cells. We generated six xenografts using
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animals until the median tumor volume exceeded

50 mm?® (Fig. 5A). A summary of the treatment regi-
mens used in this experiment can be found in Table 1.
Animals were treated initially with approximately
one-tenth the therapeutic dose of cetuximab, admin-
istered as 0.02 mg twice weekly by i.p. injection. The
xenografts did not respond to cetuximab at this dose

weeks as

Figure 4. HNSCC cell lines are sensitive to cetuximab at therapeutic doses in vivo.
Xenografts were created in nude mice from eight HNSCC cell lines (PCI-52, UM-22A,
CAL27, HN-5, 1483, OSC-19, SCC1, SCC1c8) using 2 million cells per inoculation. Ani-
mals were treated with 0.2 mg of cetuximab 2x/week by i.p. injection using, for 7-11

d following inoculation. Median tumor volume at the start of treatment is less than
40 mm? for all cell lines.

indicated. Treatment was initiated upon tumor palpitation, generally 7-14

during the first week of treatment. We then increased
the dose of cetuximab to 0.04 mg five times per
week. There was a mixed response to this sub-therapeutic dose,
but after two weeks at this dose no tumors had regressed com-
pletely (Fig. 5A). Finally, we increased treatments to the thera-
peutic dose of cetuximab, 0.2 mg twice per week. All tumors
had dramatic responses to this dose of cetuximab (Fig. 5A) but
tumor regression was delayed by up to 14 d in UM-22B-derived
xenografts (Fig. 5A) compared with the other HNSCC cell line
xenografts (Fig. 4), suggesting that larger tumor volumes and
sub-therapeutic doses of cetuximab may facilitate the selection of
cetuximab-resistant cells.

In order to enhance the selection of cetuximab-resistant cells,
we further increased tumor starting volumes and the amount of
time during which animals were treated with sub-therapeutic
doses of cetuximab. We did not begin treatment on the CAL33
xenografts until the median tumor volume exceeded 300 mm?.
One xenograft (CAL33F) was nearly 600 mm?® when treatment
began (Fig. 5B). Further, we allowed 4 weeks of sub-therapeutic
cetuximab administration to mice harboring CAL33-derived
xenografts.

During the first seven days on treatment, animals with xeno-
grafts from CAL33 cells received 0.02 mg of cetuximab twice
weekly. No tumors responded to treatment at this dose. During
days 7—14 of treatment, animals received 0.04 mg of cetuximab
twice weekly. No tumors responded to this dose of cetuximab.
Animals were then given 0.08 mg of cetuximab twice weekly
during days 14-28 of treatment. During this 2 week period, we
observed dramatic reductions in tumor volume for all xenografts
(Fig. 5B). Following this month of treatment at sub-therapeutic
doses, we treated animals with a therapeutic dose of cetuximab,

www.landesbioscience.com
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0.2 mg twice weekly for an additional month. During this time,
all tumors regressed but one tumor subsequently had spontane-
ous re-growth (CAL33B, Fig. 5B). A summary of the treatment
regimens used in this experiment can be found in Table 1.

To determine if this spontaneous re-growth was indicative
of acquired cetuximab resistance, the CAL33B tumor was dis-
aggregated and grown under cetuximab selection pressure in
vitro. This cell strain was labeled CAL33AR1. Equal numbers
of CAL33AR1 and CAL33 parental cells were used to generate
xenografts in athymic nude mice (n = 5 per cell line). Once tumor
volumes exceeded 50 mm?, animals were treated with 0.2 mg of
cetuximab twice weekly for two weeks. After 15 d, no significant
differences in tumor volumes were observed (Fig. 5C), suggest-
ing that this model of cetuximab resistance is not reproducible.

HNSCC heterotopic tumorgrafts may serve as models of
cetuximab resistance. Others have reported that therapeutic
results in preclinical cell line xenograft models of cancer may not
accurately predict for human response to the same agents.® A
more translational model system that may be more representative
of human responses to anti-cancer agents is “ex” plant xenografts
or tumor grafts.**3 This model is sometimes also referred to as
heterotopic xenografts. Tumorgrafts are tumors that are surgi-
cally transplanted directly from human patients into severe com-
bined immunodeficiency (SCID) mice. Mice bearing the SCID
mutation have impaired T and B cell lymphocytes, as compared
with the immunocompromised athymic nude mice that lack only
T cells. The combined immunodeficiency of SCID mice provides
enhanced abrogation of the immune system compared with nude
mice.

939
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Figure 5. HNSCC cell lines are sensitive to cetuximab at sub-therapeutic
doses in vivo. (A) Xenografts were created in nude mice from UM-22B
cells using 2 million cells per inoculation. Treatment was initiated when
tumors reached a median tumor volume of approximately 50 mm?, gen-
erally 7-14 d post inoculation. Animals received cetuximab as 0.02 mg
2x/week by i.p. injection. After 1 week of treatment (dashed line) the
dose was increased to 0.4 mg 5x /week for 2 weeks and then raised to
0.2 mg 2x/week (dashed line). (B) Xenografts were created in nude mice
from CAL33 cells using 2 million cells per inoculation. Treatment was ini-
tiated when tumors reached a median tumor volume of approximately
300 mm?3, generally 7-14 d post inoculation. Animals initially received
cetuximab as 0.02 mg 2x/week by i.p. injection. After one week of treat-
ment (dashed line), the dose was increased to 0.04 mg 2x/week. After
another week (dashed line), the dose was increased to 0.08 mg 2x/week.
After two more weeks (dashed line) the animals began one month of
treatment at the therapeutic dose, 0.2 mg 2x/week. (C) Xenografts were
created in nude mice from the resistant CAL33 tumor cell line (Cal33AR1)
and the parental CAL33 cell line (n =5 tumors per cell line). Two million
cells were used per inoculation, and animals were treated once median
tumor volume reached 50 mm?. Animals were treated for 2 weeks with
the therapeutic dose of cetuximab, 0.2 mg 2x/week. No significant dif-
ferences were observed in tumor volumes (p = 0.732).

Because our attempts to generate cetuximab resistance mod-
els with HNSCC cell lines in nude mice were not reproducible,
we next attempted to generate cetuximab resistance models with

940 Cancer Biology & Therapy

HNSCC tumorgrafts. Tumorgrafts from three HNSCC patient
tumors were created by implanting approximately 25 mm of
each human tumor into the flanks of anesthetized SCID mice.
Once tumor volume reached 50 mm?, animals were treated with
sub-therapeutic doses of cetuximab (0.02 mg twice weekly). All
tumors progressed at these doses to the maximum allowable
tumor volume under IACUC guidelines. Once maximum tumor
volume was reached, tumorgrafts were passaged into new SCID
mice and the dose of cetuximab was increased with each subse-
quent passage of the tumors. During the third passage of these
tumorgrafts, we started treatment at a sub-therapeutic dose of
cetuximab (0.08 mg twice weekly) and increased to the thera-
peutic dose of cetuximab (0.2 mg twice weekly) in non-respon-
sive tumorgrafts. A summary of this treatment can be found in
Table 2.

We created tumorgrafts from three HNSCC patient tumors,
identified as 11-6031, 11-5845, 11-5822 and at least 30% of
tumorgrafts from each patient tumor demonstrated growth in
the presence of therapeutic doses of cetuximab (0.2 mg twice
weekly, Table 2). From the 11-6031 tumor, 2/2 tumorgrafts
(100%) demonstrated growth during treatment with 0.2 mg
of cetuximab twice weekly. The final volume of these tumor-
grafts after 18 d of treatment was 240% greater, on average,
than their starting volumes. From the 11-5845 tumor, 11/15
tumorgrafts (73%) demonstrated growth during treatment
with 0.2 mg of cetuximab twice weekly. The final volume of
these 11 tumorgrafts after an average of 14 d on treatment was
a 270% increase, on average, relative to the starting tumor vol-
umes. From the 11-5822 tumor, 5/16 tumorgrafts (31%) dem-
onstrated growth during treatment with the therapeutic dose of
cetuximab, 0.2 mg twice weekly. The final volume of these five
tumorgrafts after an average of 16 d on treatment was an 89%
increase, on average, relative to the starting tumor volumes.
These rates of resistance (31-100%) are much more representa-
tive of HNSCC patient response rates to cetuximab, suggesting
the translational relevance of tumorgrafts for modeling cetux-
imab resistance.

Discussion

Resistance to EGFR inhibitors remains a challenging clinical
problem, and validated models of resistance to EGFR targeting
agents are necessary but underdeveloped tools for studying such
resistance. The work presented here has described the response
of HNSCC cell lines to erlotinib and cetuximab to elucidate the
role that HNSCC cell lines play in modeling response to EGFR
inhibitors.

Defining primary resistance to erlotinib is challenging
because the physiological concentration of intratumoral erlotinib
has not been reported in HNSCC. The maximum plasma con-
centration, C__, of erlotinib in cancer patients receiving the stan-
dard oral dose of 150 mg/day has been reported in non-smokers
as 950 ng/mL (2.45 pmol/L) and in smokers as 1,055 ng/mL
(2.2 pmol/L).* A study using carbon-labeled erlotinib to detect
tissue distribution of erlotinib in mice with lung cancer xenografts
suggested that erlotinib concentrations in the tumor can be up to
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Table 1. Summary of cetuximab dosing in HNSCC xenograft model generation

Cetuximab dose (mg) x frequency

Total amount of cetuximab per week Days on

Cell line Treatment initiation requirements ] e dose

PCI-52 Upon.palpitation, generally 7-14 d. 0.2x2 04 35
Median tumor volume < 40 mm?

UM-22A 0.2x2 0.4 65
CAL27 0.2x2 0.4 65
HN-5 0.2x2 0.4 80
1483 0.2x2 0.4 80
0SC-19 0.2x2 0.4 80
SCC 0.2x2 0.4 49
SCC1c8 0.2x2 0.4 49
UM-22B Median tumor volume > 50 mm? 0.02x2 0.04 7
0.04 x5 0.2 14
0.2x2 0.4 14
CAL33 Median tumor volume > 300 mm? 0.02x2 0.04 7
0.04 x 2 0.08 7
0.08 x 2 0.16 14
0.2x2 0.4 28

The dosing schemes for the animal studies in Figures 4 and 5 are listed here.

4-fold higher than blood concentrations. This effect is correlated
with erlotinib sensitivity, i.e., erlotinib-sensitive tumors can have
up to 4-fold higher intratumoral erlotinib concentrations where
erlotinib-resistant tumors have intratumoral erlotinib concen-
trations similar to those of the blood.” There is only one study
reporting clinical concentrations of intratumoral erlotinib and
this was performed in a cohort of four patients with acrodigestive
tract tumors. This study corroborates the preclinical findings and
reports higher intratumoral erlotinib concentrations in patients
who responded to erlotinib treatment. Erlotinib-responding
tumors had intratumoral erlotinib concentrations of 4.1 and
4.8 WM, where erlotinib-resistant tumors had lower intratumoral
erlotinib concentrations, 1.7 and 0.3 wM.*® This suggests that
concentrations higher than the maximum blood plasma concen-
tration are achievable intratumorally in erlotinib-sensitive tumor
tissues, but studies examining this in large cohorts of patients
have not yet been reported.

The in vitro range of response to etlotinib in HNSCC cell
lines has been reported previously by one group. The study shows
a broad range of response to erlotinib with IC, s ranging from
10 nM to 10 wM.?! However, this report uses cell lines that were
not genotypically validated. The misidentification and cross-
contamination of HNSCC cell lines has recently been docu-
mented and a panel of 85 HNSCC cell lines have been genotyped
and published.” Only 6 of the 27 cell lines for which erlotinib
response was originally reported have been subsequently geno-
typically validated and recommended for future studies, making
ours the largest study to date describing erlotinib response across
a panel of HNSCC cell lines.

We have shown previously that EGFR is downregulated in
cetuximab resistant preclinical models compared with cetuximab
sensitive cells.”” Data from recent trials in NSCLC and in vitro
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work in HNSCC suggests that high EGFR expression may cor-
relate with response to cetuximab.?®% This trend is also observed
in non-small cell lung cancer for EGFR TKI response’*® and
high EGFR copy number has also been reported to correlate with
erlotinib response in HNSCC patients.® One trial of clinical
erlotinib use in HNSCC reports that EGFR protein levels are not
indicative of erlotinib response.” Because of this conflicting data,
we examined EGFR expression levels in our cell lines and found
that total levels of EGFR protein correlate with EGFR inhibitor
sensitivity (Fig. 3B). Reduced levels of EGFR at the cell surface
are thought to play a role in both erlotinib and cetuximab resis-
tance,®*! and here we observed decreased EGFR levels both on
the cell surface and in the whole cell lysates of EGFR inhibitor
resistant cells.

Our attempts to generate models of resistance using geno-
typically validated HNSCC cell lines were unsuccessful across
all ten cell lines. Alterations in tumor size, cetuximab dose, and
dosing frequency were all performed in attempts to optimize
the conditions under which resistant models may be generated.
Unfortunately, none of these alterations managed to yield a cell
line that was less sensitive to cetuximab than the original paren-
tal cell line from which they were generated.

Literature has shown that tumor size correlates with decreased
sensitivity to chemotherapy and EGFR inhibitor response in
mice.*>® Gross tumor volume is also correlated with worse
outcome for head and neck cancer patients receiving cetux-
imab with radiation.?® We hypothesized that increasing tumor
size may decrease the responsiveness of tumors to cetuximab.
Our data did not support this hypothesis, however, since even
greater than 10-fold increases in tumor volume did not seem to
affect response to cetuximab in the HNSCC cell line xenografts
(Fig. B).
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Table 2. HNSCC explant xenografts may serve as models of cetuximab resistance

HN identifier )-(enoqr.aft Initial tumor Final tumor volume
identifier volume (mm?3) (mm?3)
11-6031 442.R1.1L 334.35 1058.25
442.R1.1R 240.28 873.38
11-5845 210.R1.1.1L 108.46 418.12
210.R1.1.1IR 76.70 467.74
210.R1.4.1R 209.19 212.95
210.R1.4.1L did not grow did not grow
210.R1.4.2L 71.68 0.00
210.R1.4.2R 74.39 89.10
210.R1.2.2L 160.38 708.66
210.R1.2.2R 0.00 203.84
210.R2.4.1L 51.72 0.00
210.R2.4.1R 75.40 89.10
210.R2.2.1L 47.31 0.00
210.R2.2.1R 36.68 0.00
210.R2.4.2L 0.00 104.37
210.R2.4.2R 224.45 2982.10
210.R2.2.2L 0.00 91.00
210.R2.2.2R 94.94 250.58
11-5822 197.R3.2.2L did not grow did not grow
197.R3.2.2R 146.96 334.34
197.R3.1.2L 138.53 102.24
197.R3.1.2R 48.10 81.55
197.R2.1.1L 80.36 64.70
197.R2.1.1R 57.92 132.95
197.R2.2.1L 136.66 91.40
197.R2.2.1R 170.39 151.76
197.R2.2.2L 519.38 962.78
197.R2.2.2R 366.58 484.38
197.R3.1.1L 193.97 59.73
197.R3.1.1R 288.34 74.91
197.R2.1.2L did not grow did not grow
197.R2.1.2R 116.40 7.30
197.R2.3.1L 559.33 27.05
197.R2.3.1R 316.16 83.20
197.R2.3.2L 399.98 50.34
197.R2.3.2R 7117 3411

Days of cetuximab Weekly dose of Change in tumor
treatment cetuximab volume (%)
18 0.16-0.4 mg 217
18 0.16-0.4 mg 263
19 0.16-0.4 mg 286
19 0.16-0.4 mg 510

19 0.16-0.4 mg 2
19 0.16-0.4 mg n.a.
8 0.16-0.4 mg -100
8 0.16-0.4 mg 20
15 0.16-0.4 mg 342
15 0.16-0.4 mg 204
12 0.16-0.4 mg -100
12 0.16-0.4 mg 18
8 0.16-0.4 mg -100
8 0.16-0.4 mg -100
12 0.16-0.4 mg 104
12 0.16-0.4 mg 1229
12 0.16-0.4 mg 91
12 0.16-0.4 mg 164
17 0.16-0.4 mg n.a.
17 0.16-0.4 mg 128
21 0.16-0.4 mg -26
21 0.16-0.4 mg 70
14 0.16-0.4 mg -19
14 0.16-0.4 mg 130
14 0.16-0.4 mg -33
14 0.16-0.4 mg -1
14 0.16-0.4 mg 85
14 0.16-0.4 mg 32
22 0.16 mg -69
22 0.16 mg -74
12 0.16 mg n.a.
12 0.16 mg -94
14 0.16 mg -95
14 0.16 mg -74
14 0.16 mg -87
14 0.16 mg -52

Heterotopic xenografts generated from three unique HNSCC patient tumors demonstrated selection to cetuximab at sub-therapeutic doses (0.16 mg
per week) of cetuximab. Xenografts that did not regress more than 50% under these conditions were increased to a therapeutic dose of cetuximab
(0.4 mg per week). Starting and ending tumor volumes for 36 heterotopic xenografts are shown here.

We were met with more success in terms of model generation
by using the explant xenograft model from human tumor tis-
sues. Our efforts at generating cell strains from these tumorgrafts
have been unsuccessful to date, but the fact that 25-100% of
tumorgrafts are resistant to cetuximab is much more represen-
tative to human response rates to cetuximab than our cell line
xenograft results (0% cetuximab resistance). There was a range
of tumorgraft response rates to cetuximab at the therapeutic dose
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(25, 53 and 100% for our three tumors). While these are inter-
esting data that may correlate with variations in patient response
or molecular pathogenesis determinants such as the presence
of HPV or EGFRVIII, our sample size in the current study is
too limited to perform these types of correlations. The data we
have presented on this model suggests that larger sample sizes
are warranted for future studies in which clinical correlations
can be addressed. Our study is the first study to treat a large
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number of HNSCC tumorgrafts (n = 33) with the targeted anti-
cancer agent cetuximab, suggesting a novel use for this model
in assessing response to therapeutic agents in HNSCC. Further,
our detailed report of specific tumor volumes for each replicate
tumorgraft exemplify the variability inherent to tumorgraft
assays and underscores the need for a large number of biologi-
cal replicates in tumorgraft assays when testing the response of
therapeutic agents.

In conclusion, we determined the response of a panel of
HNSCC cell lines to erlotinib and correlated this sensitivity with
EGER expression levels. We also examined antitumor responses
to cetuximab using a panel of HNSCC cell line xenografts as
well as tumorgrafts from human tumor tissues. In accordance
with literature for other tumor types, we find that tumorgrafts
are potentially more representative of patient response to cetux-
imab than HNSCC cell line xenografts.

Materials and Methods

Cells and reagents. SCC1 was derived from a primary HNSCC
tumor and both SCC1 and the cetuximab-resistant clone
SCClc8 were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) with 10% fetal bovine serum (FBS) and
0.4 ug/mL hydrocortisone.®® HN-5, OSC-19, PCI-52, UM-22A,
CAL33, 1483 and CAL27 are primary HNSCC cell lines and
UM-22B, 686LN and PCI-15B are derived from metastatic cer-
vical lymph nodes from patients with HNSCC.?” OSC-19 cells
were maintained in modified Eagle’s medium (MEM) with 10%
FBS and 1% non-essential amino acids. HN-5 and 686LN cells
were maintained in DMEM/F-12 + 10% FBS. PCI-52, PCI-
15B, UM-22A, UM-22B, CAL33, 1483, CAL27, T24 and A431
cells were maintained in DMEM + 10% FBS. T24 is derived
from a transitional bladder carcinoma®t and A431 is an epider-
moid carcinoma of the vulva.”” UM-22A and UM-22B cells were
a generous gift from Dr Tom Carey (University of Michigan)
and PCI-52 and PCI-15B cells were a generous gift from Dr
Theresa Whiteside (University of Pittsburgh). HeLa cells are a
cervical cancer cell line maintained in DMEM + 10% FBS.“ All
cell lines were validated by genotyping within 6 mo of their use
using the AmpFISTR Identifiler System (Applied Biosystems).
Cetuximab-resistant clones were maintained in media with
100 nM cetuximab. Cetuximab (Erbitux, ImClone Systems and
Bristol-Myers Squibb) was purchased from the University of
Pittsburgh Pharmacy. Erlotinib was purchased from Chemietek
and resuspended in DMSO for cell studies and methyl cellulose
for animal studies.

Animal studies. Animal use and care was in strict compli-
ance with institutional guidelines established by the Institutional
Animal Care and Use Committee at the University of Pittsburgh.
For the HNSCC cetuximab model generation, subcutane-
ous xenografts were created from PCI-52, UM-22A, UM-22B,
CAL27, HN-5, 1483, OSC-19, SCCI1, SCC1c8 and CAL33 cell
lines. Two million cells were inoculated subcutaneously onto
each flank of athymic nude mice (n = 6 xenografts per cell line).
Cetuximab treatment was initiated at 0.2 mg twice weekly by
i.p. injection immediately following tumor formation (generally
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7-14 d post-inoculation) for PCI-52, UM-22A, CAL27, HN-5,
1483, OSC-19, SCCI and SCClc8 cells. Cetuximab treat-
ment was initiated by i.p. injection at 0.02 mg twice weekly in
UM-22B cells once median tumor volume exceeded 50 mm?
(generally 7-14 d post-inoculation). After the first week at these
doses, cetuximab dose was increased to 0.04 mg five times per
week. After 2 weeks at this dose, cetuximab dose was increased to
0.2 mg twice weekly for the remainder of the study. Cetuximab
treatment was initiated at 0.02 mg twice weekly by i.p. injec-
tion in CAL33 cells once the median tumor volume exceeded
300 mm? (generally 10-14 d post-inoculation). Cetuximab dos-
ing was increased to 0.04 mg twice weekly after one the first week
of treatment and 0.08 mg twice weekly after the second week of
treatment. Following two weeks of treatment at 0.08 mg twice
weekly, cetuximab dose was increased to 0.2 mg twice weekly for
the remainder of the study.

Heterotopic tumorgrafts. For HNSCC tumorgraft model
generation, tumors were generated as follows. Following HNSCC
tumor resection, patient samples were quality controlled by
the University of Pittsburgh Medical Center’s Department of
Pathology for 70% tumor composition, de-identified and deliv-
ered in antibiotic/antimycotic solution. Surgical patients who
were treated with curative intent for pathologically-confirmed
HNSCC of the oral cavity, oropharynx, hypopharyx or larynx
gave written informed consent and donated tumor tissues for
study. All tissues were collected under a tissue bank protocol
approved by the University of Pittsburgh Institutional Review
Board.

Tumor samples were cut into 25 mg pieces and fresh frozen
or used for implantation. NOD/SCID gamma mice (Jackson
Laboratories) were anesthetized using isofluorane and a small
incision made in the flank. Twenty-five milligrams of patient
tumor was placed in the pocket of the incision site and the wound
closed with surgical adhesive. Analgesic was administered and
the animals were monitored until fully ambulatory. Mice were
kept in isolation for 7-10 d and checked daily for wound healing.
Mice were checked weekly for tumor formation.

Once tumor size reached approximately 50 mm?, generally
4—6 weeks after surgery, mice were treated with 0.02 mg of
cetuximab by i.p. injection twice weekly. These tumors can be
referred to as passage 1. When tumor size increased beyond the
maximum allowable size under IACUC guidelines, the animals
were sacrificed and 25 mg of the tumor was used to create new
tumorgrafts in two to four animals as described above, this time
termed passage 2. This process was repeated and the data shown
here are from passage 3. Passage 2 tumors received cetuximab at
0.04 mg of cetuximab twice weekly. Passage 3 tumors received
cetuximab initially at 0.08 mg twice weekly, and then this dose
was increased to 0.2 mg twice weekly.

Metabolicactivity assays. Cells were plated to 50% confluency
a 24-well plate. Media was changed to contain new media and
the appropriate drug or control at 24 h. 3-(4,5-Dimethylthiazol-
2-Y1)-2,5-diphenyltetrazolium bromide (MTT) was added for
30 min 72 h following drug treatment. Cells were rinsed with
PBS and lysed with DMSO. DMSO extracts were measured at
570 nm in an uQuant spectrophotometer to determine formazan
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production vs. standard controls. Each drug treatment or control
was run in triplicate wells.

Flow cytometry. Flow cytometry was conducted at the UPCI
Flow Cytometry Core Facility using a Beckman Coulter MoFlo
High Speed Sorter. Cells were stained with Alexafluor488 anti-
EGFR (Millipore) and counter-stained with Propidium Iodine.
Propidium-lodine labeled cells were excluded from analysis, and
then cells were bracketed to capture a low percentage tail popula-
tion of EGFR-null cells on 686LN. These same brackets were
applied to the HeLa cell line and gated events were calculated
from 50,000 live events for each cell line.

Immunoblotting. Immunoblots were performed on cell lysates
collected at 70-80% confluency in normal growth media. Lysates
were resolved on SDS-Page gels and transferred to nitrocellulose
membranes prior to antibody staining (EGFR, BD Transduction
Lab 60017s). Densitometry was performed using Image J.

Statistical analysis. Statistical analyses for the animal experi-
ments using 686LN and HeLa cells are non-paired, two-tailed
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