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(57) Abstract: Disclosed is a method for monitoring early treatment response of a cancer treatment comprising measuring by mag-
netic resonance spectroscopy (MRS), for example, proton MRS, the amount of Choline present in the cancerous tissue before and
& after treatment; the treatment comprises administration of a cell surface receptor inhibitor, for example, an EGFR inhibitor, whereby
& a decrease in the amount of Choline after treatment is indicative of a positive response. The decrease in the amount of Choline
represents the decrease in the internal cell membrane as a result of down regulation of the organelles and their secretory granules and
their transport vesicles. Disclosed also is a method for determining effectiveness of a cell surface receptor inhibitor in the treatment
of cancer. Further, the present invention provides for a method for monitoring protein translation in an animal having a cancerous

tissue by MRS.
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METHOD FOR MONITORING EARLY TREATMENT RESPONSE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of copending U.S. Patent
Application No. 10/946,741, filed on September 22, 2004, the disclosure of which is
incorporated by reference.

FIELD OF THE INVENTION
[0002] This invention pertains to a method for monitoring early response to cancer
treatment, particularly in a treatment involving cell surface receptor inhibitors. The
method involves the use of Magnetic Resonance Spectroscopy (MRS).

BACKGROUND OF THE INVENTION
[0003] Some of the common approaches to cancer treatment include surgery,
radiation therapy, and chemotherapy. Radiation therapy and chemotherapy are effective
if they are capable of killing the tumor cells; i.e., when they act as cytotoxic agents.
Typically, the response to radiation therapy or chemotherapy is monitored by magnetic
resonance imaging (MRI) of the tumor, wherein a decrease in tumor size is indicative of
positive response to treatment.
[0004] MRS has been proposed as a tool for obtaining information on cellular
metabolism; see, for example, Norfray, J. et al., Ch. 110 in Pediatric Neurosurgery, 4™
ed., McLone, D.G., et al. (Eds), W.B. Saunders Co. (2001). MRS also has been
proposed for diagnosing the treatment response of tumors with cytotoxic agents; see, for
example, Fulham, M.J,, et al., Radiology, 185, 675-686 (1992), which discloses that
brain tumor metabolism was studied with "H MRS before and after treatment with
radiation therapy. MRS permits non-invasive examination of metabolic characteristics
of human cancers in a clinical environment. Accessible nuclei include *'P, °C, 'H, and
BNa. 3'P MRS contains information about energy status (phosphocreatine, inorganic
phosphate, and nucleoside triphosphates), phospholipids metabolites
(phosphomonoesters and phosphodiesters), intracellular pH (pH NMR), and free cellular
magnesium concentration (Mg** f). Water-suppressed 'H MRS shows total choline,
total creatine, lipids, glutamate, inositols, lactate, and the like. Negendank, W., NMR in
Biomedicine, 5, 303-324 (1992).
[0005] Further, U.S. Patent-6,681,132 (Katz et al.) discloses a method for
determining the effectiveness of.chemotherapy comprising administering a dose of a
cytotoxic antineoplastic agent to a subject prior to surgical removal of a cancerous
tumor, acquiring magnetic resonance data from the subject, and determining whether the
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treatment has affected the population of a nuclei, particularly 2Na. Negendank, W.,
supra, provides a review of various studies of human tumors by MRS.

[0006] See also Ross, B. et al., The Lancet, 641-646 (1984) discusses monitoring
response to cytotoxic chemotherapy of intact human tumors by *'P MRS; Griffiths, J.R.
et al., The Lancet, 1435-36, June 25, 1983 discloses the use of *'P MRS to follow the
progress of a human tumor during chemotherapy with doxorubicin; Ross, B. et al., Arch.
Surg., 122, 1464-69 (1987) discloses the monitoring of chemotherapeutic treatment
response of osteosarcoma and other neoplasms of the bone by >'P MRS; and Norfray,
J.F. etal., J Computer Assisted Tomography, 23(6), 994-1003 (1999) discloses an MRS
study of the neurofibromatosis type 1 intracranial lesions.

[0007] More recently, peptide inhibitors, e.g., cell surface receptor inhibitors have
been proposed for cancer treatment. See, for example, Blackledge, G. et al., British J.
Cancer, 90, 566-572 (2004), which discloses that the epidermal growth factor receptor
(EGFR) is a promising target for cancer therapy and that most advanced in development
are the EGFR tyrosine kinase inhibitors (TKI’s) gefitinib (Iressa, ZD 1839) and erlotinib
(Tarceva, OSI-774), and the monoclonal antibody cetuximab (Erbitux, IMC-C225);
Katz, A. et al., British J. Cancer, 89 (suppl. 2) S15-S18 (2003), which discloses the
quality-of-life benefits and evidence of antitumor activity for patients with brain
metastases treated with gefitinib; and Ranson, M. et al., J. Clin. Oncol., 20, 2240-50
(2002) which discloses that gefitinib is well tolerated and active in patients with solid,
malignant tumors. However, the peptide receptor inhibitors have a positive response in
only 15 to 50% of the patients treated.

[0008] The peptide inhibitors are cytostatic rather than cytotoxic; accordingly,
classical signs of treatment response, €.g., decreased tumor size or decreased
enhancement, common with cytotoxic agents, may not be present with cytostatic peptide
inhibitors. Accordingly, classical imaging techniques such as MRI alone may not be
suitable or adequate to monitor treatment response.

[0009] While MRS is effective as a tool for monitoring treatment response, the
disclosures in the art show that it has been applied to monitor the response to cytotoxic
agents (radiation and chemotherapy). In many cases, a detectable change in tumor size
is observed only after a significantly long period of time, for example, after treatment
for a period of about 3 months or more. Such long periods of time could be harmful to

" the patient, especially if the treatment has not been effective or only partially effective,
such as, for example, treatments involving the use of peptide inhibitors; during this long
period of time, tumor cells could multiply or metastasize, and lead to worsening of the
patient’s condition.
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[0010]  The foregoing shows that there exists a need for a method where an early
treatment response can be monitored, especially where the treatment involves cell
surface receptor inhibitors. Accordingly, the present invention provides such a method.
This and other advantages of the invention, as well as additional inventive features, will
be apparent from the description of the invention provided herein.

BRIEF SUMMARY OF THE INVENTION
[0011] The invention provides a method for monitoring early treatment response of a
cancer treatment comprising measuring by MRS, the amount of Choline present in the
cancerous tissue before and after treatment; the treatment comprises administration of a
cell surface receptor inhibitor, whereby a decrease in the amount of Choline after
treatment is indicative of a positive response. In accordance with the invention,
diagnosed cancers can be monitored by following cell membrane metabolism utilizing
the Choline peak on '"H MR spectroscopy. The Choline peak represents the visible
mobile Choline forming the plasma and organelle cell membranes. A decrease in the
Choline identifies treatment response; an increase in the Choline peak identifies
treatment failure.
[0012] The present invention provides several advantages, for example, the amount
of Choline changes prior to classical imaging findings, and the MRS peak corresponding
to Choline changes even with a treatment based on cytostatic peptide inhibitors. The
present invention offers the combined advantages of MRI and MRS and provides a
method to monitor early treatment response. The present invention also provides a
method for monitoring cancer treatment. In addition, the present invention provides for
a method for monitoring protein translation in an animal having a cancerous tissue
comprising administering a cell surface receptor inhibitor to the animal and measuring,
by Magnetic Resonance Spectroscopy, the amount of Choline present in the cancerous
tissue before and after administering the cell surface receptor inhibitor.

DETAILED DESCRIPTION OF THE INVENTION
[0013] The present invention is predicated on monitoring changes in the amount of
one or more metabolites occurring in an internal cell membrane, for example, changes
induced by the down regulation of one or more of the intracellular organelles and their
secretory granules and transport vesicles. The internal cell membranes, which constitute
nearly 90% of the total cell membranes, form the membranes of the nucleus, the
mitochondria, the lysosomes, the peroxisomes, the endoplasmic reticulums, the Golgi
apparatus, the secretory granules, and the transport vesicles. The cell surface receptor
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inhibitors down-regulate the intracellular organelles and their secretory granules and
transport vesicles.

[0014] Accordingly, the present invention provides a method for monitoring early
treatment response of a cancer treatment comprising measuring, by Magnetic Resonance
Spectroscopy (MRS), the amount of Choline present in the cancerous tissue before and
after treatment; the treatment comprises administration of a cell surface receptor
inhibitor, whereby a decrease in the amount of Choline after treatment is indicative of a
positive response. MRS can be based on the resonance of any suitable nuclei; for
example, nuclei selected from the group consisting of >'P, 'H, >C, and **Na, and any
combination thereof; preferably, 'H.

[0015] A decrease in the amount of Choline occurs very early as a result of the
down-regulation. Since Choline contains 9 protons per molecule (as trimethylamines or
trimethylammonium salts), the Choline signal is amplified nine-fold. Since up to 90%
of the cell membranes can be down regulated in a tumor, MRS provides a sensitive
method to monitor early treatment response.

[0016] The term “Choline” herein is used to denote choline ((CH;);N'CH,CH,0H),
a derivative of choline, or a combination of choline and/or one or more derivatives of
choline. Examples of choline derivatives include lysophosphatidylcholine, or
glycerophosphocholine, phosphomonoesters of choline (e.g., phosphocholine),
phosphodiesters of choline (e.g., phosphatidylcholine), sphingomyelin,
phosphoethanolamine, glycerophosphoethanolamine, or any combination thereof. In an
embodiment of the invention, the term “Choline” represents the sum of choline and all
choline derivatives (or total choline), for example, the sum of choline and
phosphocholine. Phosphoserine and glycerophosphoserine also can be monitored
Ruiz-Cabello, J. et al., NMR in Biomedicine, 5, 223-233 (1992); Podo, F., NMR in
Biomedicine, 12, 413-439 (1999); and Bliims, S. et al., Magn. Reson. Med., 42, 643-654
(1999).

[0017]  An embodiment of the present invention also provides for a method for
monitoring protein translation in an animal having a cancerous tissue comprising
administering a cell surface receptor inhibitor to the animal and measuring, by Magnetic
Resonance Spectroscopy, the amount of Choline present in the cancerous tissue before
and after administering the cell surface receptor inhibitor. The current invention can be
used for monitoring protein translation. Choline visualizes cellular membranes. The
quantity of choline directly correlates with the amount of intracellular organelles, which
make up 90% of cell membranes. Some organelles, such as rough endoplasmic
reticuliums, are the site of protein synthesis. Protein synthesis involves the translation
of the RNA nucleotide sequences into protein amino acid sequences. Protein translation
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is one of the three steps in Francis Crick’s central dogma of molecular biology, i.e.,
DNA is a template for RNA transcription and then RNA is a template that regulates
protein translation. Some of the proteins synthesized in the cell’s organelles are inserted
into cellular membranes, while other proteins synthesized in the cell’s organelles are
secreted as part of a coordinated cellular process. An increase in protein synthesis
increases mass of these organelles and a decrease in protein synthesis decreases the
mass of these organelles. Thus, the cellular Choline level also reflects cellular protein
synthesis. Accordingly, drugs up-regulating or down-regulating protein translation can
be monitored by following Choline levels (resulting from an increase or decrease in
organelles). Therefore, the current invention can monitor early treatment response by
quantifying Choline of intracellular organelles linked to protein synthesis (translation).
Further, the effect of drugs that can interrupt or up-regulate DNA replication (which
requires protein translation) or RNA transcription (which results in protein translation),
can be monitored by the current invention with protein translation visualized by
decreases or increases in Choline.

[0018] The amount of Choline can be measured by MRS in any suitable manner..
For example, the amount of Choline can be measured by measuring the height of a peak
or peaks corresponding to Choline. In another embodiment, the amount of Choline can
be measured by measuring the area under a peak or peaks corresponding to Choline. In
yet another embodiment, the amount of Choline can be measured by measufing the ratio
of the height of a peak or peaks corresponding to Choline relative to the height of a peak
or peaks of an internal standard. In a further embodiment, the amount of Choline can be
measured by measuring the ratio of the area under a peak or peaks corresponding to
Choline relative to the area under a peak or peaks of an internal standard.

[0019]  Any suitable internal standard can be used. For example, the internal
standard is total creatine when the MRS is based on 'H resonance, or internal standard is
adenosine triphosphate (ATP) when the MRS is based on *'P resonance. The term
“total creatine” refers to the combination of creatine and phosphocreatine. Creatine is
buffered in cell systems; accordingly, the amount of creatine remains substantially
constant.

[0020] It is contemplated that the present inventive method is applicable to
monitoring early treatment response wherein the treatment involves inhibition of any
suitable cell surface receptor, for example, the cell surface receptor is vascular
endothelial growth factor receptor (VEGFR) or epidermal growth factor receptor
(EGFR), fibroblast growth factor receptor (FGFR), platelet derived growth factor
receptor (PDGFR), stem cell receptor (SCFR), nerve growth factor receptor (NGFR),
hepatocyte growth factor (HGFR), insulin growth factor receptor (IGFR), a receptor
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having a tyrosine kinase domain, a receptor having a serine threonine kinase domain, a
receptor utilizing a cytoplasmic tyrosine kinase, an angiogenesis factor receptor, or
integrin receptor, preferably the EGFR.

[0021] In accordance with an embodiment of the present invention, inhibition of the
cell surface receptor causes an interruption in an up-regulated intracellular organelle; for
example, an interruption in the function of the secretory granules and/or the transporting
vesicles. In accordance with another embodiment of the invention, inhibition of the cell
surface receptor causes an interruption in the function of the Golgi apparatus. In further
embodiments of the invention, inhibition of the cell surface receptor causes an
interruption in the function of the lysosomes, the endoplasmic reticulum, the
mitochondrion, the nucleus, and/or the peroxisomes.

[0022]  Examples of suitable cell surface receptor inhibitors include gefitinib,
erlotinib, cetuximab, canertinib, EKB-569, lapatinib, and any combination thereof. It
has been reported that gefitinib (ZD1839) is an EGFR-tyrosine kinase inhibitor (EGFR-
TKI) that causes inhibition of EGF-stimulated autophosphorylation in cell lines at
submicromolar concentrations. Ranson et al., supra. It has been reported that ZD1839
has demonstrated, in preclinical studies, antitumor activity against a variety of human
cancer cell lines expressing EGFR, including ovarian, breast, and colon, and that it is
active in a range of xenograft models, including colon cancer, non-small cell lung
cancer (NSCLC), and prostate cancer. Ranson et al., supra. See also, Lynch et al., The
New England J. Medicine, 350, 2129-2139 (May 20, 2004), which discloses that about
10% of the NSCLC patients treated with gefitinib have a rapid and often dramatic
clinical response. Erlotinib is also an EGFR-TKI,; it is being studied in many different
cancers including breast cancer. Cetuximab is a monoclonal antibody that targets EGFR
and is approved for colorectal metastatic cancer. Canertinib is also an EGFR-TKI and is
targeted for cancer treatment. EKB-569 is an investigational cytostatic agent and an
EGEFR kinase inhibitor used to treat a variety of tumor cells that overexpress EGFR and
Her2, including non-small cell lung and colorectal cancers. Lapatinib is an EGFR and
ErbB-2 (Her2/neu) dual tyrosine kinase and is considered for treatment of solid tumors
such as breast and lung cancer.

[0023]  Protein tyrosine kinases are enzymes that provide a central switch mechanism
in cellular signal transduction pathways. As such they are involved in many cellular
processes such as cell proliferation, metabolism, survival, and apoptosis. Several
protein tyrosine kinases are known to be activated in cancer cells and to drive tumor
growth and progression. Therapeutic strategies include blocking kinase-substrate
interaction, inhibiting the enzyme's adenosine triphosphate (ATP) binding site and
blocking extracellular tyrosine kinase receptors on tumor cells.
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[0024]  The erbB or HER family of transmembrane tyrosine kinase receptors,
especially receptors erbB1 (or EGFR) and erbB2 (or Her2/neu), has been identified as
an important therapeutic target in a number of cancers. Her2/neu, for example, is
overexpressed in around 20% to 30% of patients with aggressive breast cancer, while
EGFR is overexpressed in several solid tumours.

[0025] In accordance with the present invention, any suitablé cancer or tumor can be
treated, for example, a cancer selected from the group consisting of brain cancer,
colorectal cancer, breast cancer, acute leukemia, lung cancer, kidney cancer, squamous
cell cancer, testicular cancer, stomach cancer, melanoma, sarcomas, ovarian cancer,
non-small cell lung cancer, esophageal cancer, pancreatic cancer, neuroblastoma,
mesothelioma, prostate cancer, bone cancer, kidney cancer, and heptocellular cancer.
[0026]  In accordance with the present inventive method, early treatment response
can be measured within a period of about 168 hours, preferably about 24 hours, and
more preferably about 12 hours, of the treatment. For example, the response can be
monitored every 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144, 156, or 168 hours, or
any combination thereof, after administration of the peptide inhibitor.

[0027]  Treatment response can also be documented using the current invention
within 24 to 168 hours by monitoring protein translation. This embodiment utilizes a
magnetic resonance magnet, equal to or greater than 1.5 Tesla, uses existing software
and coils which are commercially available, has high spatial resolution, lacks radiation,
employs user-friendly automatic sequences, allows non-invasive sequential analysis of
drug doses/combinations, provides quantification from multi-sites, and can be employed
with a plurality of drugs for trials. This embodiment can monitor treatment responses in
vivo and in vitro, in humans and laboratory animals, as well as, in tissues and perfused
cell extracts. This embodiment quantifies normal protein translation, as well as the
amplified protein translation seen in cancer and inflammation. Since protein translation
occurs in all cells, all cancer histologies can be studied. This embodiment is applicable
to cytostatic (e.g., growth factor inhibitors) and cytotoxic drugs (e.g., anti-apoptosis
receptor inhibitors). In addition, drugs augmenting protein translation can be monitored.
Potential uses of this embodiment include, but are not limited to, drug development and
documenting interruption of signaling pathways.

[0028])  The present invention also provides a method for monitoring cancer treatment
comprising: (a) localizing a tumor in a patient; (b) selecting a region of interest (ROI) of
the tumor; (c) obtaining magnetic resonance spectra (MRS) of the ROI; (d) measuring
the amount of Choline from the MRS spectra; (e) initiating treatment comprising
administering a cell surface receptor inhibitor; (f) obtaining MR spectra of the tumor at
the same ROI within a period of 7 days, preferably 3 days, and more preferably within 1



WO 2006/036288 PCT/US2005/027060

day, of initiating treatment; (g) measuring the amount of Choline from the MR spectra;
and (h) comparing the amount of Choline obtained before treatment with the amount of
- Choline obtained after treatment; whereby a decrease in the amount of Choline after
treatment is indicative of a positive response to treatment.

[0029] The basis for clinical MR studies (e.g., MRS or MRI) is the one of the nuclei,
for example, the hydrogen nucleus - the proton. The same machinery is used for these
studies. They differ in the software manipulation of the emitted radiofrequency (RF)
from the H nuclei. In MRI, the signal is used to create the image; in MRS, the signal is
used to create the spectrum. Fourier Transform principle is the basis of the computer
that allows the MRS software to separate the individual RFs within the signal. The
spectrum therefore represents the different RFs being emitted within the selected region
of interest (ROI). The points along the horizontal axis of the spectrum represent specific
RFs emitted from each metabolite. The vertical axis of the spectrum is proportional to
the amount of each metabolite forming the area beneath the RF peaks. Spectra can be
obtained on 0.5 to 2.0T MR scanners, although high-field strength scanners provide
better definition of the spectra. Spectra obtained with different-strength scanners can be
compared on a scale in parts per million (ppm) along the horizontal axis because
metabolites always reside at one or more specific sites, for example, alanine resides at
1.47, N-acetylaspartate resides at 2.0 and 2.6 ppm, creatine resides at 3.0 and 3.9 ppm,
Choline resides at 3.2 ppm, and water resides at 5.0 ppm.

[0030]  Any suitable MR spectrometer can be used in the practice of the present
invention. Clinical MR spectra can be obtained on MR scanners, for example, utilizing
the clinical spectroscopy package called proton brain exam/single voxel (PROBE/SV)
developed by General Electric Medical Systems (Milwaukee, WI) for use with GE’s 1.5
Tesla (T) MR scanner. See Norfray, J. et al., supra, and Norfray, J.F. et al., supra, for
procedures for obtaining MR spectra, identification of the peaks corresponding to
metabolites such as Choline, creatine, and others, and ratio of the peaks. See also
Danielsen and Ross, Magnetic Resonance Spectroscopy Diagnosis of Neurological
Diseases, Marcel Dekker, Inc. (1999); Ross, B. et al., Magnetic Resonance Quarterly,
10,.191-247 (1994); and Ross et al., U.S. Patent 5,617,861. Based on the information in
the above publications, as well as information available in the art, those of skill in the art
should be able to practice the invention on all types of tumors in accordance with the
present invention.

[0031] The present invention can be carried out in any suitable manner, for example,
as follows. Prior to initiating a therapy on a patient, the tumor is localized. Thus, for
example, magnetic resonance images (MRI’s) of the tumor, e.g., brain metastasis, breast
malignancy, or bone tumor, with axial, sagittal, and coronal T1 and T2 images are
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obtained with and without contrast. A region of interest (ROI) of tumor is selected.
This can be carried out based on the MRI findings to determine the tumor volume and
location to be studied. MR spectra of the ROI are obtained within the tumor utilizing
short and/or long TE (echo time) pulse sequences. The spectra obtained are interpreted.
The peak corresponding to Choline is identified, e.g., at a chemical shift of 3.22 ppm.
Based on the Choline peak, the amount of total cellular membranes is determined from
either the height of the peak or the area under the peak. An internal or external standard
is identified in the ROL. An example of an internal standard is creatine or total creatine.
An example of an external standard is 100% 2-(trimethylsilyl)ethanol (TSE), which may
be taped to the head coil of the MR spectrometer. Kreis, R. et al., J Magnetic
Resonance, Series B 102, 9-19 (1993). The ratio of the Choline to the standard is
calculated. The Choline to creatine ratio represents a measure of the total cell
membranes within the ROI of the tumor prior to treatment.

[0032] The treatment of the tumor is initiated by administering an effective amount
of the receptor inhibitor starting from time zero. The early treatment response can be
mohitored, for example, at 24 hours (day 1) to 168 hours (day 7), as follows. The tumor
is localized utilizing the same MRI pulse sequences as prior to the treatment. The same
ROI is selected within the tumor. MR spectra of the tumor are obtained utilizing the
same pulse sequences, the same TR (relaxation time), TE (echo time), phases, and
frequency averages. The MR spectra are interpreted as before and the Choline to
creatine ratios (e.g., height or area ratios) are calculated.

[0033] If the observed decrease in the Choline to creatine ratio is 15% or more,
preferably 20% or more, and more preferably 25% or more relative to pre-treatment
condition, then it can be concluded that an early response is positive and tumor
regression has been achieved. The early decrease in the Choline to creatine ratio
identifies a decrease in the intracellular cell membranes, for example, a decrease in the
organelles and their granules and/or vesicles. If the ratio of Choline to creatine
increases, €.g., a 15% or more, preferably 20% or more, and more preferably 25% or
more, of an early increase in the ratio is observed, the increase identifies an increase in
the intracellular membranes, for example, an increase in the organelles and their
granules and/or vesicles.

[0034]  The present invention further provides a method for determining
effectiveness of a molecule as a drug for treating cancer comprising administering an
amount of the molecule to an animal having a cancerous tissue and measuring, by
Magnetic Resonance Spectroscopy, the amount of Choline present in the cancerous
tissue before and after administering the molecule, wherein the molecule comprises a
cell surface receptor inhibitor, whereby a decrease in the amount of Choline after
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administering the molecule is indicative of its effectiveness. The animals to be used in
the present method can be, for example, mammals such as mice, rats, horses, guinea
pigs, rabbits, dogs, cats, cows, pig, and monkeys. The amount of cell surface receptor
inhibitor will vary with a number of factors, e.g., weight of the animal, type of cancer,
and severity of cancer, and is within the skill of the artisan. The potential drug can be
administered by any suitable route of administration, e.g., oral, aerosol, parenteral,
subcutaneous, intravenous, intraarterial, intramuscular, interperitoneal, rectal, and vaginal
routes. The cancer can be natural or induced. Thus, effectiveness of a potential drug
can be determined within a relatively short period of time, for example, within 12-168
hours, preferably 12-24 hours.

[0035] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth
in its entirety herein.

[0036] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. The terms “comprising,” “having,”
“including,” and “containing” are to be construed as open-ended terms (i.e., meaning
“including, but not limited to,”) unless otherwise noted. Recitation of ranges of values
herein are merely intended to serve as a shorthand method of referring individually to
each separate value falling within the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as if it were individually recited
herein. All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., “such as”) provided herein, is intended
merely to better illuminate the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential to the practice of the
invention.

[0037]  Preferred embodiments of this invention are described herein, including the
best mode known to the inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the invention to be practiced
otherwise than as specifically described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in the claims appended
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hereto as permitted by applicable law. Moreover, any combination of the above-
described elements in all possible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly contradicted by context.
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WHAT IS CLAIMED IS:

1. A method for monitoring early treatment response of a cancer treatment comprising
measuring, by Magnetic Resonance Spectroscopy (MRS), the amount of Choline
present in the cancerous tissue before and after treatment, wherein said treatment
comprises administration of a cell surface receptor inhibitor, whereby a decrease in the
amount of Choline after treatment is indicative of a positive response.

2. The method of claim 1, wherein the MRS is based on the resonance of nuclei selected
from the group consisting of 31p. 'H, *C, and #Na, and any combination thereof.

3. The method of claim 2, wherein the MRS is based on 'H resonance.

4. The method of claim 1, wherein measuring the amount of Choline comprises
measuring the height of a peak corresponding to Choline.

5. The method of claim 1, wherein measuring the amount of Choline comprises
measuring the area under a peak corresponding to Choline.

6. The method of claim 1, wherein measuring the amount of Choline comprises
measuring the ratio of the height of a peak corresponding to Choline relative to the
height of peak of an internal standard.

7. The method of claim 6, wherein the internal standard is total creatine when the MRS
is based on 'H resonance.

8. The method of claim 6, wherein the internal standard is adenosine triphosphate (ATP)
when the MRS is based on *'P resonance.

9. The method of claim 1, wherein measuring the amount of Choline comprises
measuring the ratio of the area under a peak corresponding to Choline relative to the
area under a peak of an internal standard.

10. The method of claim 9, wherein the MRS is based on 'H resonance and the internal
standard is total creatine.
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11. The method of claim 1, wherein the cell surface receptor is vascular endothelial
growth factor receptor (VEGFR) or epidermal growth factor receptor (EGFR), fibroblast
growth factor receptor (FGFR), platelet derived growth factor receptor (PDGFR), stem
cell receptor (SCFR), nerve growth factor receptor (NGFR), hepatocyte growth factor
(HGFR), insulin growth factor receptor (IGFR), a receptor having a tyrosine kinase
domain, a receptor having a serine threonine kinase domain, a receptor utilizing a
cytoplasmic tyrosine kinase, an angiogenesis factor receptor, or integrin receptor.

12. The method of claim 1, wherein measuring the amount of Choline comprises
measuring the amount of choline, phosphocholine, phosphatidylcholine,
lysophosphatidylcholine, or glycerophosphocholine, phosphomonoesters of choline,
phosphodiesters of choline, phosphoethanolamine, glycerophosphoethanolamine, or any
combination thereof.

13. The method of claim 1, wherein the amount of Choline is measured within a period
of about 168 hours of said treatment.

14. The method of claim 13, wherein the amount of Choline is measured within a period
of about 24 hours.

15. The method of claim 14, wherein the amount of Choline is measured within 12
hours of said treatment.

16. The method of claim 1, wherein the cell surface receptor inhibitor is selected from
the group consisting of gefitinib, erlotinib, cetuximab, canertinib, EKB-569, lapatinib,
and any combination thereof.

17. The method of claim 1, wherein the cancer is selected from the group consisting of
brain cancer, colorectal cancer, breast cancer, acute leukemia, lung cancer, kidney
cancer, squamous cell cancer, testicular cancer, stomach cancer, melanoma, sarcomas,
ovarian cancer, non-small cell lung cancer, esophageal cancer, pancreatic cancer,
neuroblastoma, mesothelioma, prostate cancer, bone cancer, and heptocellular cancer.

18. The method of claim 1, wherein inhibition of the cell surface receptor causes an
interruption in an up-regulated intracellular organelle.
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19. The method of claim 18, wherein the interruption in the up-regulated intracellular
organelle takes place in the secretory granules.

20. The method of claim 18, wherein the interruption in the up-regulated intracellular
organelle takes place in the transporting vesicles.

21. The method of claim 1, wherein inhibition of the cell surface receptor causes an
interruption in a function of the Golgi apparatus.

22. The method of claim 1, wherein inhibition of the cell surface receptor causes an
interruption in a function of the lysosomes.

23. The method of claim 1, wherein inhibition of the cell surface receptor causes an
interruption in a function of the endoplasmic reticulum.

24. The method of claim 1, wherein inhibition of the cell surface receptor causes an
interruption in a function of the mitochondrion.

25. The method of claim 1, wherein inhibition of the cell surface receptor causes an
interruption in a function of the nucleus.

26. The method of claim 1, wherein inhibition of the cell surface receptor causes an
interruption in a function of the peroxisomes.

27. A method for monitoring cancer treatment comprising: (a) localizing a tumor in a
patient; (b) selecting a region of interest (ROI) of the tumor; (c) obtaining magnetic
resonance spectra (MRS) of the ROI; (d) measuring the amount of Choline from the
MRS spectra; (e) initiating treatment comprising administering a cell surface receptor
inhibitor; (f) obtaining MR spectra of the tumor at the same ROI within a period of 7
days of initiating treatment; (g) measuring the amount of Choline from the MR spectra;
and (h) comparing the amount of Choline obtained before treatment with the amount of
Choline obtained after treatment; whereby a decrease in the amount of Choline after
treatment is indicative of a positive response to treatment.

28. The method of claim 27, wherein the MR spectra of the tumor is obtained within 3
days of initiating treatment.
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29. The method of claim 28, wherein the MR spectra of the tumor is obtained within 1
day of initiating treatment.

30. A method for determining effectiveness of a molecule as a drug for treating cancer
comprising administering an amount of the molecule to an animal having a cancerous
tissue and measuring, by Magnetic Resonance Spectroscopy, the amount of Choline
present in the cancerous tissue before and after administering the molecule, wherein said
molecule comprises a cell surface receptor inhibitor, whereby a decrease in the amount
of Choline after administering said molecule is indicative of its effectiveness.

31. A method for monitoring protein translation in an animal having a cancerous tissue
comprising administering a cell surface receptor inhibitor to the animal and measuring,
by Magnetic Resonance Spectroscopy, the amount of Choline present in the cancerous
tissue before and after administering the cell surface receptor inhibitor.
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