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Abstract
Background—Recurrent head and neck squamous cell carcinoma (HNSCC) remains a difficult
cancer to treat. Here, we describe a patient with HNSCC who had complete response to
methotrexate (MTX) after progressing on multiple cytotoxic agents, cetuximab, and AMG-479
(monoclonal antibody against insulin-like growth factor-1 receptor [IGF-1R]).

Methods—The clinical information was collected by a retrospective medical record review under
an Institutional Review Board–approved protocol. From 4 tumors and 2 normal mucosal epithelia,
global gene expression, and IGF-1R and dihydrofolate reductase (DHFR) protein levels were
determined.

Results—Effective target inhibition in the tumor was confirmed by the decreased protein levels
of total and phospho-IGF-1R after treatment with AMG-479. Decreased level of DHFR and
conversion of a gene expression profile associated with cetuximab-resistance to cetuximab-
sensitivity were also observed.

Conclusion—This suggests that the combination of AMG- 479 and MTX or cetuximab may be
a promising therapeutic approach in refractory HNSCC.
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Recurrent and/or metastatic head and neck squamous cell carcinoma (HNSCC) remains 1 of
the most difficult cancers to treat with limited chemotherapeutic options. Here, we describe
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a patient with HNSCC who had complete response to methotrexate (MTX) after progressing
on multiple cytotoxic agents, cetuximab, and AMG-479 (monoclonal antibody against
insulin-like growth factor-1 receptor [IGF-1R]). In a tumor tissue biopsy of this patient, we
observed a decreased level of dihydrofolate reductase (DHFR) and conversion of gene
expression profile from cetuximab resistance to cetuximab sensitivity after AMG-479
treatment, suggesting that AMG-479 may have sensitized the tumor to MTX and cetuximab.
This represents a promising approach to the implementation of IGF-1R inhibitors in
refractory HNSCC.

CASE REPORT
A 54-year-old woman was referred to our hospital for the management of recurrent HNSCC
in 2004. She was a nonsmoker and was initially diagnosed with T1N1M0 SCC of the oral
tongue in September 2001. She underwent a right partial glossectomy with right suprahyoid
neck dissection without adjuvant chemotherapy or radiation therapy. She remained clinically
disease free until May 2003, when she developed a new mass in the right lower alveolar
ridge and was treated with radiation therapy. She developed local recurrences on 3
subsequent occasions. She underwent surgical resections for the first 2 recurrences in
December 2003 and May 2004, but when the mass recurred for the third time in March
2005, it was deemed inoperable and she was referred for palliative systemic chemotherapy.
She was treated with a combination of cisplatin and irinotecan on a clinical trial until her
disease progressed after 10 weeks of therapy. She then received weekly docetaxel; however,
the disease progressed after 3 weeks and treatment was discontinued. Due to poor
performance status, in July 2005 she was not considered a candidate for further cytotoxic
chemotherapy and was started on cetuximab monotherapy. After 11 weeks of cetuximab,
she experienced a complete clinical response, but her disease progressed after 18 months
(Figures 1A and 1D). Cetuximab was discontinued in November 2006. In January 2007, she
was enrolled in a phase I clinical trial and received 3 doses of AMG-479 12 mg/kg every 2
weeks. AMG-479 was discontinued due to the rapid progression of disease (Figures 1B and
1E). As the last effort for palliation, she was started on a low dose of weekly MTX 40 mg/
m2 in April 2007. After 12 weeks of MTX, she achieved a near-complete response and
remained without progression for 6 months (Figures 1C and 1F). In October 2007, she
developed progressive disease while on MTX. At that point, the decision was made to re-
challenge the tumor with cetuximab. The patient again experienced a significant clinical
response as determined by consecutive measurements of the tumor size (decreasing from 10
× 6 cm to 3 × 3 cm within 3 weeks) and by palliation of her pain. However, this second
response was brief. Unfortunately, her disease progressed in 8 weeks and she died in
January 2008 under hospice care.

The clinical information was collected by a retrospective medical record review. Formalin-
fixed paraffin-embedded tumor and adjacent normal mucosal epithelia from surgical
resections in 2001 (original diagnosis) and 2004 (tumor recurrence after radiation therapy
and before chemotherapies), and frozen tumors from biopsies post-cetuximab (pre-
AMG-479) and post-AMG-479 treatments in 2007 were obtained under an Institutional
Review Board–approved protocol. A signed consent form for publication of this case report
was also obtained from the patient during her treatments. Biopsies from the tumor in 4
different time points and of normal mucosa from 2 different time points were available for
translational studies.

Gene expression data were generated and analyzed in duplicate for each tumor, as
previously described.1 The AMG-479 modulated genes were determined by comparing the
pre-AMG-479 and post-AMG-479 treatment frozen tumor biopsies. The biological
relatedness of the selected genes was examined using Ingenuity Pathways Analysis (IPA).
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The protein levels of total and phosphorylated IGF-1R, protein kinase B (AKT), DHFR, and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were determined by Western blots
(IGF-1R, IGF-1R-Tyr1135/1136, AKT, and AKT-Ser473, Cell Signaling Technology,
Danvers, MA; DHFR, BD Biosciences, San Jose, CA; and GAPDH, Santa Cruz
Biotechnology, Santa Cruz, CA). Detection of human papillomavirus, and DNA mutation
analyses of exons 18, 19, and 21 of epidermal growth factor receptor (EGFR), and codon 12
of KRAS in frozen tumors were determined, as previously described.2–4

RESULTS
Gene expression data were obtained from the tumor collected at 4 different time points: (1)
at original diagnosis in 2001, (2) at recurrence after radiation therapy and before systemic
chemotherapy or cetuximab treatment in 2004, (3) after cetuximab for 18 months and before
AMG-479 treatment in 2007, and (4) after AMG-479 and before MTX treatment in 2007.
Gene expression microarray data were also obtained from 2 areas of normal mucosal
epithelium adjacent to the tumors: (1) at diagnosis in 2001 and (2) at recurrence after
radiation therapy in 2004. Because the tumor rapidly grew during the AMG-479 treatment,
effective target inhibition was confirmed by the decreased protein levels of total and
phospho-IGF-1R and phospho-AKT after treatment with AMG-479 using Western blots
(Figure 2). To examine the genes that were modulated by AMG-479 and the relatedness of
the genes with various biological functions, differentially expressed genes with greater than
2-fold between pre-AMG-479 and post-AMG-479 treatment were determined by supervised
analysis (Figure 3A and Supplemental Table, online only). Both the normal mucosa and
tumor samples taken at the time of diagnosis before any treatment (samples obtained in
2001) differed in the expression signature when compared with samples at the time of
recurrence (samples in 2004). This could be attributable to radiation effects because the
recurrent tumor and normal mucosa samples were taken from the previously radiated field.
Interestingly, after AMG-479 treatment, the expression signature reverted to the pattern
observed in the pre-cetuximab-treated tumor which was sensitive to cetuximab.

The differentially expressed genes were further interrogated using IPA. The statistically
significant networks of genes were those involved in DNA replication, recombination and
repair, cell cycle, cellular assembly and organization, cell signaling, and immune response.
One of the AMG-479-modulated genes with statistical significance was DHFR (Figure 3B)
which was downregulated by AMG-479. DHFR is the binding target of MTX and its active
metabolite, which results in S-phase cell cycle inhibition.2 Eight additional genes in the
folate biosynthesis pathway were not significantly altered by AMG-479. Decrease in the
protein level of DHFR after AMG-479 treatment was confirmed by Western blot (Figure 2).
The tumor was negative for human papillomavirus infection or mutations in EGFR tyrosine
kinase (TK) domain or KRAS. Additionally, this tumor was 1 of the tumors analyzed for
EGFR gene copy number by fluorescent in situ hybridization in our previous study, and
shown to have normal EGFR gene copy number.3

DISCUSSION
Recently, the dearth of therapeutic options for HNSCC has motivated the search for
molecularly targeted therapies. One of the most common approaches has been inhibition of
receptor tyrosine kinases (RTK) using either small molecules that bind to the TK domain of
the receptors, or antibodies against epitopes located at the extracellular domains or against
their ligands. Although recent therapeutic successes of small molecule RTK inhibitors have
been linked to oncogenic dependency, usually caused by mutations in the functional TK
domains,4,5 the mechanism(s) of response to RTK inhibition by antibody-based targeted
agents such as cetuximab, bevacizumab, or trastuzumab is less clear. The mechanism of
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action could be a direct inhibition of signal transduction through the inhibited receptors, but
indirect mechanisms such as antibody-dependent cell-mediated cytotoxicity may play a role.
6

The most studied molecular target in HNSCC has been EGFR due to frequent
overexpression in tumors compared to normal mucosal epithelia.7 There is also increasing
evidence for IGF-1R as a potential molecular target in HNSCC.8 The IGF-1R is highly
expressed in HNSCC compared to normal mucosal epithelia, and IGF-1 stimulates S-phase
transition in a phosphoinositide-3-kinase/AKT and mitogen-activated protein kinase-
dependent manner in HNSCC cell lines.8,9 The findings in our patient were consistent with
the current data indicating that AMG-479 downregulates IGF-1R and AKT.10 However, the
tumor rapidly grew in the setting of effective target inhibition. It is unclear which signaling
pathway is the dominant compensatory pathway for IGF-1R. When AMG-479-modulated
genes were interrogated by IPA, multiple networks were identified suggesting the
interconnected nature of the signaling pathways that are affected by inhibition of a single
receptor. For example, the EGFR pathway may be involved considering the expression
signature reverted to the pattern in the pre-cetuximab treated tumor after AMG-479.
Although AKT activation through IGF-1R is independent of EGFR, activation of mitogen-
activated protein kinase is thought to be mediated through crosstalk between EGFR and
IGF-1R in oral carcinoma cells, probably through IGF-1 stimulation of matrix
metalloproteinases (MMPs), release of EGFR ligands, and subsequent activation of EGFR.
11,12 In addition, EGFR and IGF-1R are known to heterodimerize upon receptor activation,
and a combination of EGFR and IGF-1R inhibitors is more effective in reducing cell
proliferation and migration compared to each inhibitor alone.8 The clinical observation that
the patient regained cetuximab sensitivity upon re-challenge after having progressive disease
suggests that AMG-479 may modulate cetuximab sensitivity.

The dramatic response to MTX with an unusual degree of sensitivity has not been reported
using MTX as the fifth-line treatment in a recurrent/metastatic setting. Possible explanations
for this response are: (1) an MTX-specific response due to downregulation of DHFR after
AMG-479, (2) cell cycle–specific effect due to increased proliferation as a compensatory
response to IGF-1R inhibition, or (3) decreased AKT signaling by AMG-479 and
subsequently increased proapoptotic response to a cytotoxic agent. One may speculate that
the response was MTX-specific due to downregulation of DHFR, because increased
expression or activating mutations in DHFR have been associated with MTX resistance.13
There is also evidence that a targeted agent such as gefitinib can affect the response to other
cell cycle-specific cytotoxic agents such as paclitaxel. Solit et al14 reported that continuous
inhibition of EGFR antagonized the effects of paclitaxel, a mitosis-specific cytotoxic agent,
by causing cell cycle arrest.

In the development of novel targeted therapeutics, the antitumor effects of specific
antibodies as a monotherapy in the treatment of solid tumors have been disappointing with
minimal response rates.15,16 However, the therapeutic strategy to combine antibody-based
agents with existing chemotherapies has been extremely successful in breast cancer, non-
small cell lung cancer, colon cancer, and HNSCC.15,17–19 This report supports the
rationale for combination therapies using antibody-based targeted agents as chemo-
sensitizers for conventional cytotoxic agents. In contrast to the general perception of
targeted agents being less toxic than cytotoxic agents, our findings suggest that the use of a
targeted agent alone may even be harmful by activating compensatory pathways. This brings
into question the validity of limiting the evaluation of targeted agents based on response
rates in monotherapy phase II trials. This case report suggests that the clinical development
of IGF-1R inhibitors in combination with cetuximab or MTX warrants further investigation
in refractory HNSCC.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
This project was funded by the Damon Runyon Clinical Investigator Award (CI-28–05) and 1 RO1 DE017982-01
to Dr. Chung.

REFERENCES
1. Chung CH, Parker JS, Ely K, et al. Gene expression profiles identify epithelial-to-mesenchymal

transition and activation of nuclear factor-kappaB signaling as characteristics of a high-risk head
and neck squamous cell carcinoma. Cancer Res. 2006; 66:8210–8218. [PubMed: 16912200]

2. Goldman ID, Fyfe MJ. The mechanism of action of methotrexate. II. Augmentation by vincristine of
inhibition of deoxyribonucleic aic synthesis by methotrexate in Ehrlich ascites tumor cells. Mol
Pharmacol. 1974; 10:275–282. [PubMed: 4859543]

3. Chung CH, Ely K, McGavran L, et al. Increased epidermal growth factor receptor gene copy
number is associated with poor prognosis in head and neck squamous cell carcinomas. J Clin Oncol.
2006; 24:4170–4176. [PubMed: 16943533]

4. Paez JG, Jänne PA, Lee JC, et al. EGFR mutations in lung cancer: correlation with clinical response
to gefitinib therapy. Science. 2004; 304:1497–1500. [PubMed: 15118125]

5. Druker BJ, Sawyers CL, Kantarjian H, et al. Activity of a specific inhibitor of the BCR-ABL
tyrosine kinase in the blast crisis of chronic myeloid leukemia and acute lymphoblastic leukemia
with the Philadelphia chromosome. N Engl J Med. 2001; 344:1038–1042. [PubMed: 11287973]

6. Zhang W, Gordon M, Schultheis AM, et al. FCGR2A and FCGR3A polymorphisms associated with
clinical outcome of epidermal growth factor receptor expressing metastatic colorectal cancer
patients treated with single-agent cetuximab. J Clin Oncol. 2007; 25:3712–3718. [PubMed:
17704420]

7. Rubin Grandis J, Melhem MF, Gooding WE, et al. Levels of TGF-alpha and EGFR protein in head
and neck squamous cell carcinoma and patient survival. J Natl Cancer Inst. 1998; 90:824–832.
[PubMed: 9625170]

8. Barnes CJ, Ohshiro K, Rayala SK, El-Naggar AK, Kumar R. Insulin-like growth factor receptor as a
therapeutic target in head and neck cancer. Clin Cancer Res. 2007; 13:4291–4299. [PubMed:
17634559]

9. Slomiany MG, Black LA, Kibbey MM, Tingler MA, Day TA, Rosenzweig SA. Insulin-like growth
factor-1 receptor and ligand targeting in head and neck squamous cell carcinoma. Cancer Lett.
2007; 248:269–279. [PubMed: 16996205]

10. Beltran PJ, Mitchell P, Chung YA, et al. AMG 479, a fully human anti-insulin-like growth factor
receptor type I monoclonal antibody, inhibits the growth and survival of pancreatic carcinoma
cells. Mol Cancer Ther. 2009 [Epub ahead of print].

11. Kuribayashi A, Kataoka K, Kurabayashi T, Miura M. Evidence that basal activity, but not
transactivation, of the epidermal growth factor receptor tyrosine kinase is required for insulin-like
growth factor I-induced activation of extracellular signal-regulated kinase in oral carcinoma cells.
Endocrinology. 2004; 145:4976–4984. [PubMed: 15271882]

12. Gilmore AP, Valentijn AJ, Wang P, et al. Activation of BAD by therapeutic inhibition of
epidermal growth factor receptor and transactivation by insulin-like growth factor receptor. J Biol
Chem. 2002; 277:27643–27650. [PubMed: 12011069]

13. Volpato JP, Fossati E, Pelletier JN. Increasing methotrexate resistance by combination of active-
site mutations in human dihydrofolate reductase. J Mol Biol. 2007; 373:599–611. [PubMed:
17868689]

14. Solit DB, She Y, Lobo J, et al. Pulsatile administration of the epidermal growth factor receptor
inhibitor gefitinib is significantly more effective than continuous dosing for sensitizing tumors to
paclitaxel. Clin Cancer Res. 2005; 11:1983–1989. [PubMed: 15756024]

Chung et al. Page 5

Head Neck. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



15. Giantonio BJ, Catalano PJ, Meropol NJ, et al. Bevacizumab in combination with oxaliplatin,
fluorouracil, and leucovorin (FOLFOX4) for previously treated metastatic colorectal cancer:
results from the Eastern Cooperative Oncology Group Study E3200. J Clin Oncol. 2007; 25:1539–
1544. [PubMed: 17442997]

16. Vermorken JB, Trigo J, Hitt R, et al. Open-label, uncontrolled, multicenter phase II study to
evaluate the efficacy and toxicity of cetuximab as a single agent in patients with recurrent and/or
metastatic squamous cell carcinoma of the head and neck who failed to respond to platinum-based
therapy. J Clin Oncol. 2007; 25:2171–2177. [PubMed: 17538161]

17. Vermorken JB, Mesia R, Rivera F, et al. Platinum-based chemotherapy plus cetuximab in head and
neck cancer. N Engl J Med. 2008; 359:1116–1127. [PubMed: 18784101]

18. Sandler A, Gray R, Perry MC, et al. Paclitaxel-carboplatin alone or with bevacizumab for non-
small-cell lung cancer. N Engl J Med. 2006; 355:2542–2550. [PubMed: 17167137]

19. Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a monoclonal antibody
against HER2 for metastatic breast cancer that overexpresses HER2. N Engl J Med. 2001;
344:783–792. [PubMed: 11248153]

Chung et al. Page 6

Head Neck. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 1.
Physical examination for tumor measurements: (A) after 18 months of cetuximab and on the
day of first AMG-479 treatment, (B) after 4 weeks of AMG-479 treatment and determined
to have progression of disease, and (C) after 12 weeks of methotrexate treatment.
Radiographic examination for tumor measurements: (D) 4 days before AMG-479 treatment,
(E) after 4 weeks of AMG-479 treatment, and (F) after 20 weeks of methotrexate treatment.
The white line indicates the longest diameter of the measured tumor.
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FIGURE 2.
Western blot comparison of protein levels in the tumors before and after AMG-479
treatment. IGF-1R, insulin-like growth factor-1 receptor; AKT, protein kinase B; DHFR,
dihydrofolate reductase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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FIGURE 3.
Hierarchical clustering of tumors and normal mucosal epithelia taken at 4 different time
points. The gene expression experiments were performed in duplicate; “At Dx NL 2001
FFPE” - normal mucosal epithelium taken from a formalin-fixed paraffin-embedded (FFPE)
tissue at original diagnosis in 2001, “Pre-Cetux NL 2004 FFPE” - normal mucosal
epithelium taken from a FFPE tissue at recurrence after radiation therapy and before
systemic chemotherapy or cetuximab treatment in 2004, “Pre-Cetux 2004 FFPE” - tumor
taken from a FFPE tissue at recurrence after radiation therapy and before systemic
chemotherapy or cetuximab treatment in 2004, “Pre-AMG-479 2007 frozen” - tumor taken
from a frozen tissue taken after cetuximab for 18 months and before AMG-479 treatment in
2007, and “Pre-AMG-479 2007 frozen” - tumor taken from a frozen tissue taken after
AMG-479 and before methotrexate treatment in 2007. (A) Gene expression data were
clustered using 2886 microarray probes that were differentially expressed between before
and after the AMG-479 treatment. The genes indicated in a blue box strongly defined the
expression pattern after the AMG-479 treatment. (B) Gene expression data were clustered
using genes in folate biosynthesis obtained from Kyoto Encyclopedia of Genes and
Genomes Pathway Database. Dihydrofolate reductase was down-regulated after the
AMG-479 treatment. The intensity of the colors represents the range of gene expression
levels: Red - higher expression, Green - lower expression, and Black - equal expression.
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