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1.0 PROTOCOL SUMMARY AND/OR SCHEMA       

Our aim is to perform pretreatment dynamic contrast enhanced – magnetic resonance imaging 
(DCE-MRI) and proton magnetic resonance spectroscopy (1H-MRS) on 200 patients with head 
and neck cancer eligible for surgery or chemo-radiation treatment. The pretreatment DCE-MRI 
and 1H-MRS exam will add about 20 minutes of scanning time to the routine MRI study with 
contrast agent performed at MSKCC.  Patients undergoing chemo-radiation will also have an 
additional followup DCE-MRI and 1H-MRS exam between 10-14 days into the course of 
treatment. The followup DCE-MRI and 1H-MRS exam will be about 30-35 minutes (the DCE-
MRI images will take about 10 minutes, the 1H-MRS images about 10 minutes and setup on the 
MRI table will require 10-15 minutes).   
 
The DCE-MRI data will provide insight into the tumor pathophysiology.  With proper 
compartmental modelling, the data will yield results on tumor-vessel permeability, tumor 
perfusion, and extracellular-extravascular volume fraction, i.e. data relating to the tumor 
microenvironment.  In addition, MR spectroscopy data show the metabolic signature of the 
tumor and an elevated choline level (resulting from the enhanced phospholipid cell membrane 
turnover associated with tumor proliferation, increased cellularity, and growth) which may serve 
as an indicator of active tumor and a decrease in choline may reflect tumor response.  These 
results will determine the potential of DCE-MRI and 1H-MRS data as a priori or early markers of 
tumor response to chemo-radiation as well as long term disease-free survival after surgery or 
chemo-radiation therapy. The a priori DCE-MRI and 1H-MRS data may ultimately help 
physicians in selecting patient specific therapy.   

 
2.0 OBJECTIVES AND SCIENTIFIC AIMS 

The main objective of the study is to identify a priori prognostic markers for head and neck 
cancer patients using DCE-MRI and 1H-MRS data, which may help in stratifying patients into 
“good risk” and “poor risk” categories to improve outcome and quality of life.  The scientific 
aims are as follows:  
 
1) To assess whether a priori or early dynamic contrast enhanced magnetic resonance imaging 
(DCE-MRI) and proton magnetic resonance spectroscopy (1H-MRS) changes can reliably predict 
early chemo-radiation clinical response (before apparent tumor regression) and/or long term 
disease-free survival in patients with head and neck cancer undergoing either chemo-radiation 
therapy (subset 1) or surgery (subset 2).  
 
2) To determine if the a-priori DCE-MRI and 1H-MRS results provide independent markers of 
tumor response and/or long term disease-free survival compared to clinical prognosticators. 
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3.0 BACKGROUND AND RATIONALE 

Head and neck cancer is the sixth most common malignancy worldwide, with an anticipated 
yearly incidence of about 400,000 (1,2) and the survival rate of such patients has remained 
relatively unchanged over the past decade (3).  Surgery is the historic corner stone of curative 
treatment, but may result in major functional loss and dysfunction.  In an effort to improve the 
probability of disease control without surgery, chemotherapy has been incorporated with 
radiation therapy (XRT) into the initial nonsurgical management of newly diagnosed cases.  A 
cisplatin or carboplatin based chemotherapy program is most commonly employed with XRT to 
treat head and neck cancers (4-9).  Randomized trials have evaluated alternative treatments, 
among them chemotherapy before XRT (i.e. induction chemotherapy), chemotherapy concurrent 
with XRT, and altered fractionation XRT (10-14).  Today, with many treatment options 
available, an early or a priori predictor of response is essential to allow the oncologist to 
intervene and modify the treatment plan if the chosen one is likely to fail.  Similarly, in untreated 
patients to be managed by planned aggressive surgical resection, it would be important to know 
prior to surgery whether they could be spared a major and potentially debilitating procedure, or 
whether they might benefit from some alternative experimental therapy due to a high risk of 
failure.  Reported tumor-based clinical prognostic factors for locoregional tumor control include 
the presence and extent of nodal metastases, T-stage, tumor site, total tumor volume, and tumor 
size (15-19).  Despite the multiplicity of prognostic factors, considerable variance in outcome 
remains unexplained.   

The relationship between microvascular blood flow, pO2, and radio- or chemo-resistance is of 
considerable interest (20,21), and DCE-MRI may provide a simple, readily available tool for 
probing the tumor microenvironment and possibly hypoxia and relate them to outcome.  Several 
recent studies by Dewhirst et al. (22), Berezcki et al. (23) and others (24-31) have suggested that 
DCE-MRI data (i) are correlated with pO2 measured by Eppendorf probes, (ii) may predict rectal 
tumor response to treatment, and (iii) may be used to evaluate angiogenesis in carcinomas. 

DCE-MRI data in tumors will evaluate the hypothesis that poorer perfusion is a marker for poor 
outcome. DCE-MRI has shown the ability to correlate with treatment outcome and provides data 
related to tumor cell hypoxia, perfusion and permeability (20,25,26,28,29,32-34).  A study by 
DeVries et al (28) suggests that pre-treatment noninvasive perfusion index (PI) measurements by 
dynamic MRI are predictive of chemoradiation therapy outcome in rectal cancer patients.  When 
the patients were grouped by treatment outcome, therapy responders showed a significantly 
lower mean PI value than nonresponders. Cooper et al (24) studied 30 patients with carcinoma of 
the cervix by performing pO2 histograph and DCE-MRI before and after (n=9 patients) 
treatment with external beam radiotherapy.  Using these measurements, the data revealed a 
significant correlation between maximum enhancement over baseline obtained from the DCE-
MRI time/signal intensity curve, and tumor oxygenation, as measured by the pO2 histograph. 
The study emphasized that DCE-MRI may be a method for measuring hypoxia in human tumors, 
although spatial correlation of pO2 and DCE-MRI was not demonstrated.  
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Hypoxia as a prognostic marker of outcome in HN cancers has shown its promises as well as 
challenges.  The reference standard for measurement of hypoxia has been the Eppendorf 
electrode method due to its known correlation with outcome (35,36).  However, it is not without 
problems and the most problematic factor is that it cannot distinguish between tumor tissue and 
necrosis, which can bias the relevant oxygenation values to spuriously low levels in tumors with 
extensive necrosis.  Because of these problems with the Eppendorf electrode, there are a number 
of ongoing efforts to find alternative methods of estimating tumor oxygenation.  The main 
candidates that have been used clinically over the past few years are nitroimidazole hypoxia 
markers (37,38) which can be imaged by PET (positron imaging tomography).  However, PET 
imaging requires radioisotope, which is produced by a cyclotron.  This would require in-house 
availability of both technologies, PET and cyclotron, which is not available in many centers.  
The above data, and the theoretical study of Wang et al using DCE-MRI (20), suggest that DCE-
MRI, may also provide a qualitative measure of hypoxia which could correlate with treatment 
and outcome.    

DCE-MRI has been applied to many clinical problems including detecting/diagnosing breast 
tumors and evaluating response to treatment (39-41).  Knopp et al (25) studied 27 patients with 
breast lesions by dynamic MRI and compared the data to histologic analysis of the breast tissue.  
The data showed that the exchange rates from the dynamic MRI were significantly faster in 
malignant vs benign breast lesions.  Among the malignant breast lesions, differences in 
vascularization between histologic types were demonstrated by dynamic MRI showing a more 
rapid enhancement and elimination of the contrast agent in invasive ductal carcinoma (IDC) than 
invasive lobular carcinoma (ILC).  The authors suggest that DCE-MRI can potentially be used as 
a non-invasive prognostic tool analogous to VEGF expression and microvessel count.   

Hawighorst et al (30) examined the relationship between DCE-MRI derived characteristics and 
histological microvessel density counts, a recognized surrogate of tumor angiogenesis, from 
primary or recurrent cancers of the uterine cervix.  The data revealed that pharmacokinetic MRI-
derived parameters increased with increasing histological microvessel density counts.  Another 
study by the same group (29) compared histomorphological markers of tumor angiogenesis with 
dynamic MRI-derived pharmacokinetic analysis in 37 patients with biopsy-proven primary 
cervical cancer.  The results suggested that DCE-MRI approach maybe better suited to assess 
angiogenesis activity in terms of patient survival than the current histomorphological-based 
markers of tumor angiogenesis.     

Shapeero et al (31) discuss the role and limitations of different imaging modalities for evaluating 
the chemotherapy response in high-grade osteosarcoma and Ewing sarcoma.  They summarized 
the role of DCE-MRI as “the most effective imaging modality for differentiating viable tumor 
from nonviable tumor, necrosis, and inflammation in these bone sarcomas, and thereby the poor 
responder from the good responder to chemotherapy”.  Dyke et al from our group have also 
demonstrated a relationship between DCE-MRI data and tumor necrosis and angiogenesis 
(42,43).  NCI (National Cancer Institute) workshop title “Expanding the use of MR in the 
assessment of tumor response to therapy” reported by Evelhoch et al (39), emphasized the utility 
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of DCE-MRI and consensus recommendations were made for standardizing DCE-MRI 
methodologies for studying tumor response. The National Cancer Institute (NCI) has included 
DCE-MRI study in protocols involved in evaluating new anti-angiogenic drugs in human trials. 
A MSKCC IRB protocol number 03-138, title “An Open Label, Long-Term, Safety and 
Tolerability Study of VEGF Trap Administered Intravenously in Patients with Advanced Solid 
Tumors or Lymphoma” is using DCE-MRI to correlate DCE-MRI changes with clinical response 
and to assess tumor blood flow and vascular permeability. The Co-PI in this study is a co-
investigator in the above-mentioned protocol. 
 
Our preliminary DCE-MRI data on 14 HNSCC patients with nodal disease was fit by linear 
regression to determine initial slope as well as analyzed with a two compartmental fit for the rate 
constants by software previously written (42).  Follow up of HNSCC patients was done 
radiologically based on response at 3-6 months after the end of treatment; patients were grouped 
as complete responders (CR, no evidence of disease), partial responders (PR, 50% or greater 
response to treatment), or non-responders (NR, failed treatment).  The data showed a rapid rise in 
the characteristic time intensity curves for the tumor that appeared viable whereas the necrotic 
area showed minimal signal change.  For the whole tumor, the mean Akep value was higher for 
complete responders (n = 7) than incomplete responders (partial responders plus nonresponders, 
n = 7) (12.29/min±4.09 vs 7.11/min±2.51) [P = 0.04].  The histogram analysis for the slope 
showed that the width and median were able to differentiate between complete responders versus 
the partial and non-responders, P=0.039 and P=0.013 respectively.  The follow-up response data 
for these patients are being updated.  
 
So far, few studies have described the characteristic enhanced patterns of tumors with DCE-MRI 
in the oral region (32,33).  Konouchi et al have studied 30 patients with primary oral cavity and 
oropharyngeal squamous cell cancer with DCE-MRI and correlated the findings with PCNA 
(proliferating cell nuclear antigen) (32).  They have calculated the signal intensity (SI) (as 
opposed to concentration) of a region of interest (ROI) from the mean pixel value on each 
acquired dynamic image.  The contrast index (CI) was calculated from the equation: 
CI(t)=SI(t)(post-contrast)-SI0(pre-contrast)/SI0(pre-contrast).  The time versus CI curve was 
obtained by plotting the CI on a time course.  They evaluated the maximum CI and the maximum 
CI gain for the dynamic MRI parameters.  The CI gain presumably indicates the maximum 
gradient on the upslope phase of the enhancement curve.  The maximum CI presumably 
represent the maximum amplitude of enhancement.  The CI gain indicates the difference in the 
CI between the 2 consecutive images.  The time CI curves in all cases showed a rapid and high 
uptake pattern.  The PCNA labeling index showed a significant correlation with maximum CI 
and maximum CI gain (P<0.0001, r=0.866 and P=0.0019, r=0.544, respectively).  Hoskin et al 
found in 13 patients with advanced head and neck cancer that tumors with diminished tumor 
perfusion at the end of radiotherapy are those most sensitive to treatment and that tumors which 
show greater tumor enhancement after accelerated radiotherapy are likely to fail locally (33).  
This may reflect the persistence of viable perfused tumor at completion of radiotherapy.  
Nevertheless, DCE-MRI studies in head and neck cancers need to be confirmed in larger 
prospective trials.  Most importantly, previous studies did not correlate the pretreatment contrast 
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enhancement index with long term disease-free survival and secondly they did not perform a 
quantitative analysis.  
 
There are two approaches to analyzing the data which include a quantitative modelling approach 
(44-47) and semiquantitative analyses (29,34,40,41,48-50).  Parametric maps of the tumor can be 
obtained from these data which provide spatial information about physiologic parameters that 
can be calculated from the Gd-DTPA uptake data.  DCE-MRI studies may also provide insight 
into underlying mechanisms and physiology that induce differences in tumor contrast uptake.  In 
the quantitative methodology, accurate T1 (longitudinal relaxation time) values are critical for 
precise quantitation of Gd-DTPA (51,52).  Semi-quantitative analyses are based on measuring 
changes in signal intensity (as opposed to concentration) and are not related to physiologic 
parameters, although it is important to note that they do provide clinically useful data (34,40). 
 
There has been much interest recently in tumor hypoxia and tumor proliferation as prognostic 
indicators in human tumors. 1H-MRS studies of brain tumors have shown elevated choline-
containing compounds likely reflecting an elevated cell proliferation rate, low Nacetylaspartate 
and the presence of lactate or lipids (53-55), and have related decrease in choline metabolite to 
tumor response (56-59). Our studies in prostate cancer using proton 3D MR spectroscopic 
imaging (MRSI) have shown that MRSI is a predictor of tumor aggressiveness based on the 
Choline+Creatine/Citrate ratio, and that MRSI detection of cancer is related to tumor grade and 
volume (60). A study exhibited the significant role of a priori MRSI in predicting treatment 
outcome, especially in high risk prostate cancer patients treated with neo-adjuvant chemo-
hormonal therapy as part of a clinical trial (61). In vitro 1D and 2D -1H MRS studies have been 
correlated with clinical studies in HNSCC (62-67). These studies and a recent study by Bisdas et 
al (68) have shown that the Cho/Cr ratio was elevated in the lymph node metastases of HNSCC. 
Our preliminary proton decoupled phosphorus MRSI study of HN cancers showed that the 
pretreatment PME/NTP metabolic ratio was able to differentiate between complete responders 
and not complete responders before the onset of therapy (69). Similar results have been 
published in Non-Hodgkin’s Lymphoma (70). Our recent bone sarcoma study showed that 
pretreatment NTP/Pi was significant (P=0.003) in differentiating event-free survivors from those 
who died (71). Thus metabolic data has been linked with outcome. 
   
In patients with head and neck cancer, early identification of patients likely to respond, or not to 
respond, to a specific treatment, would allow physicians to optimally match patients to a 
treatment approach and/or alter the treatment plan and thus avoid the morbidity and added costs 
of ineffective therapy.  The anatomic location of these tumors, frequent superficial regional node 
involvement, and the availability of alternative treatment options with differing associated 
morbidities for a given clinical scenario, make this an ideal tumor for study by using DCE-MRI 
as a potential early predictor of outcome.  The results of this study could have a direct clinical 
impact in addition to providing new scientific data.  Additionally, the study will help to better 
identify patients whose cancers can be treated with standard therapies and be spared aggressive 
therapies; this would have major benefits for these patients’ quality of life and would also benefit 
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society by decreasing the overall cost of treatment and the burden of treatment-induced 
morbidity. 
 
Summary: If these studies are successful, they will provide a non-invasive early predictor of 
tumor response and/or long-term disease-free survival, which could allow for patient specific 
treatment. 
 
4.0 OVERVIEW OF STUDY DESIGN/INTERVENTION 

4.1 Design 

Patients will undergo DCE-MRI and 1H-MRS study prior to surgery or prior to chemo-
radiation treatment.  Those patients undergoing chemo-radiation therapy will have a 
second study 10-14 days after starting chemo-radiation. Due to side effects from chemo-
radiation, some patients feel poorly and, in our experience, are at times unable to undergo 
the second study.  We will contact the patient after start of chemo-radiation and if the 
patient is willing, the second study will be performed. The amount of time needed to 
complete the DCE-MRI part of the study will be about 10 minutes and for the 1H-MRS 
part of the study, about 10 minutes.  These studies are designed to determine if the DCE-
MRI and 1H-MRS data will provide an a priori or early prognostic marker of tumor 
response and/or long term disease-free survival.  These data will be compared with 
clinical markers (presence and extent of nodal metastases, primary disease site, primary 
disease size (length and volume), stage).  Data from the baseline study will be evaluated 
to see whether it is an a priori predictor of long-term disease-free survival. The 10-14 day 
study will be examined independently and together with the baseline study to determine 
response to treatment.   
 

4.2 Intervention 

After informed consent, patients will undergo DCE-MRI and 1H-MRS as part of their 
initial staging prior to surgery or chemo-radiation therapy.  Baseline MRI from outside 
institutions includes routine MRI sequences used for diagnostic purposes and does not 
include additional DCE-MRI and 1H-MRS sequences.  If a patient has an adequate 
baseline MRI from outside, then only the DCE-MRI and 1H-MRS parts will be done here 
at MSKCC for research purposes and the study will not be billed to the patient.  Patients 
who have not had a prior adequate staging MRI will undergo the routine pretreatment 
staging MRI including DCE-MRI and 1H-MRS as part of their care.  Patients who 
participate in chemo-radiation therapy protocols will undergo a second study after 10-14 
days of starting treatment, if they feel well enough to do so.   

 
DCE-MRI and 1H-MRS studies will be acquired on a 1.5T GE (Milwaukee, WI) Excite 
scanner and a standard neurovascular phase array coil (General Electric, Milwaukee, WI). 
A full clinical staging exam includes T1-weighted images and T2-weighted fat saturated 
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images in the axial plane as well as the sagittal or coronal planes.  DCE-MRI studies will 
be acquired using a fast multi-phase spoiled gradient echo sequence.  The entire tumor 
will be covered contiguously with 5-8 mm thick sections yielding 4-6 slices depending on 
tumor extent.  The first 6 images obtained during the study will be pre-contrast injection 
to assure accurate baseline signal intensity.  A pre-contrast proton density weighted 
gradient echo sequence will be obtained.  
 
During DCE-MRI, injection of gadolinium-diethylenetriamine pentaacetic acid (Gd-
DTPA) intravenously is followed by the agent passing from the intravascular space to the 
interstitial space at a rate that depends on perfusion and tissue permeability.  Gd-DTPA is 
administered into the right antecubital vein at a concentration of 0.1 mmol/kg resulting in 
a standard dose of 2 ml gadopentetate dimeglumine per 10 kg of patient weight.  A saline 
flush is administered at the same flow rate with a volume of 20 ml following Gd-DTPA 
administration to insure complete mixing of the bolus upon delivery.  A power injector 
delivery system (Medrad, Inc., Indianola, PA) is used to provide accurate flow rates.  
Patients with a central venous silastic catheter (Hickman/Broviac [HC/BC]) require a 
slower flow rate of 0.8-1.0 ml/s to prevent damage to the catheter.  All other patients 
receive contrast at a rate of 2 ml/s.  All patients receive contrast while at scan position in 
the magnet. 

 
In patients with nodal disease, MR spectroscopy will be done after the DCE-MRI 
sequence. During 1H-MRS, spectral data will be acquired on the tumor identified on T2-
weighted images, and a volume of interest (≥1cc) will be placed over the node.  Single 
voxel spectroscopy data (TR/TE=1600/136 and 256 or 512 averages, scan time ~5-10 
min) will be obtained using Probe –P (64) or Press CSI sequence (GE, software for 
acquiring data). If the excitation box for the single voxel is <1cc, the 1H-MRS part of the 
exam will not be performed.  From our earlier experience, we know that for voxels less 
than 1cc, the data collected from single voxel spectroscopy has a poor signal to noise 
ratio. The amount of time needed to complete the DCE-MRI and 1H-MRS parts of the 
study will be about 20 minutes. 

 
 
5.0 THERAPEUTIC/DIAGNOSTIC AGENTS:   

This study utilizes FDA approved equipment (MR scanner, 1.5 Tesla General Electric (GE) 
Milwaukee, WI), neurovascular phase array coil (GE) and drug (GD-DTPA).  DCE-MRI studies 
will be acquired using a fast multi-phase spoiled gradient echo (FMPSPGR) GE sequence.  1H-
MRS images will be acquired using single voxel spectroscopy.  Probe-P is a commercially 
available, FDA approved spectroscopy program based on the PRESS localization technique(64).  
PRESS-CSI is a research version of the program, provided by GE, that allows more flexibility in 
setting acquisition parameters.  We have used PRESS-CSI extensively in the brain in over 40 
patients (59) with no ill effects. Data will be exported to a Sun Ultra 10 workstation or a Dell 
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(Austin, TX) 1.4 GHz P4 system for analysis.  Software to display and analyze the data was 
written with interactive data language (IDL, version 5.4; Research Systems, Boulder, CO).   
 
Gadolinium-diethylenetriamine pentaacetic acid (Gd-DTPA) is the standard contrast agent used 
with MRIs.  

 
 

6.0 CRITERIA FOR SUBJECT ELIGIBILITY 

All patients with head and neck cancer, no prior treatment, undergoing surgery or chemo-
radiation treatment are eligible for study.  Anti-neoplastic therapy will be determined by the 
primary physician and will not be impacted upon by this study.  Patients/guardians must provide 
written consent. 
 

6.1 Subject Inclusion Criteria 

1. Histologically proven diagnosis of head and neck cancer  
 
2. No prior treatment  
 
3. Will undergo surgery or chemo-radiation treatment 
 
4. Presence of evaluable primary tumor   
 
5. Patients must be 18 years or older and have the ability to give informed consent 
 
 
6.2 Subject Exclusion Criteria 

1. Claustrophobia 
 

2. Absence of evaluable primary tumor 
 

3. Known reaction to Gd-DTPA 
 

4. Pre-operative radiation to primary tumor site 
 

5. Contraindication to MRI 
 

a. Pacemaker 
 

b. Aneurysmal clips 
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c. Metal implants in field of view 
 

d. Pregnant or nursing women 
 

e. Age and mental status wherein he/she is unable to cooperate for MRI study 
 
  

7.0 RECRUITMENT PLAN 

Patients for this study will be referred by the Departments of Surgery (Drs. Shah, Shaha, Kraus, 
Wong, Patel, Singh), Radiation Oncology (Dr. Lee) and Medicine (Drs. Pfister).  All patients, 18 
years or older, regardless of sex or race will be approached for participation.   
 
Potential research subjects will be identified by a member of the patient’s treatment team, the 
protocol investigator, or research team at Memorial Sloan-Kettering Cancer Center (MSKCC).  
If the investigator is a member of the treatment team, s/he will screen their patient’s medical 
records for suitable research study participants and discuss the study and their potential for 
enrolling in the research study.  Potential subjects contacted by their treating physician will be 
referred to the investigator/research staff of the study. 
 
The principal investigator may also screen the medical records of patients with whom they do 
not have a treatment relationship for the limited purpose of identifying patients who would be 
eligible to enroll in the study and to record appropriate contact information in order to approach 
these patients regarding the possibility of enrolling in the study. 
 
During the initial conversation between the investigator/research staff and the patient, the patient 
may be asked to provide certain health information that is necessary to the recruitment and 
enrollment process.  The investigator/research staff may also review portions of their medical 
records at MSKCC in order to further assess eligibility.  They will use the information provided 
by the patient and/or medical record to confirm that the patient is eligible and to contact the 
patient regarding study enrollment.  If the patient turns out to be ineligible for the research study, 
the research staff will destroy all information collected on the patient during the initial 
conversation and medical records review, except for any information that must be maintained for 
screening log purposes.  
 
In most cases, the initial contact with the prospective subject will be conducted either by the 
treatment team, investigator or the research staff working in consultation with the treatment 
team.  The recruitment process outlined presents no more than minimal risk to the privacy of the 
patients who are screened and minimal PHI will be maintained as part of a screening log.  For 
these reasons, we seek a (partial) limited waiver of authorization for the purposes of (1) 
reviewing medical records to identify potential research subjects and obtain information relevant 
to the enrollment process; (2) conversing with patients regarding possible enrollment; (3) 
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handling of PHI contained within those records and provided by the potential subjects; and (4) 
maintaining information in a screening log of patients approached (if applicable).      
 
 
8.0 PRETREATMENT EVALUATION 

Not applicable. 
 
 

9.0 TREATMENT/INTERVENTION PLAN 

Patients will undergo DCE-MRI and 1H-MRS study prior to surgery or prior to beginning 
chemo-radiation therapy.  Patients being treated with chemo-radiation therapy will undergo a 
second DCE-MRI and 1H-MRS study between 10-14 days after initiation of treatment.  
 

10.0 EVALUATION DURING TREATMENT/INTERVENTION 

Subjects will be monitored visually during the study  and constant communication will be 
maintained during the study between the patient and the investigators via a speaker system.  

 

11.0 TOXICITIES/SIDE EFFECTS 

Approximately 5% of patients are claustrophobic.  Gd-DTPA has been shown to be a very safe 
contrast agent.  Reactions to Gd-DTPA are rare but include headaches, rash and itching.  An 
incident report will be filled out if one of these events occurs.  Severe adverse reactions (ADRs) 
occurred in one in 350,000 – 450,000 injections (72).  Death has been reported in one in 10 
million cases (72).  A recent large survey conducted by Murphy et al (73) with regard to the 
occurrence of adverse reactions to gadolinium – based contrast material has revealed a small rate 
of ADRs.  Of 687,255 gadopentate dimeglumine injections, 314 (0.046%) non-allergic reactions 
and 107 (0.016%) mild, 28 (0.004%) moderate, and five (0.001%) severe allergy like reactions 
occurred.  Of 64,005 gadoteridol administrations, 171 (0.267%) nonallergic reactions and 49 
(0.077%) mild, 29 (0.047%) moderate, and 11 (0.017%) severe allergy-like reactions occurred 
(73). 
 
 
12.0 CRITERIA FOR THERAPEUTIC RESPONSE/OUTCOME ASSESSMENT 

DCE-MRI and 1H-MRS exams will be done on the schedule noted above.  The first study will be 
done prior to surgical treatment or prior to chemo-radiation treatment.  For those patients 
undergoing chemo-radiation, a second study will be performed between 10-14 days after starting 
chemo-radiation treatment.  We will assess whether the MR parameters measured at that time are 
predictive of tumor response as subsequently determined by standard clinical evaluation (i.e. by 
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routine radiological imaging assessments: CT (computed tomography) or MRI (magnetic 
resonance imaging), and/or PET (positron emission tomography)).  We will consider both 
absolute levels of the parameters and changes relative to the baseline measurements for each 
patient.  This will be done by logistic regression, again including relevant clinical prognostic 
factors to determine whether they provide independent prognostic information.  The best 
outcome measure is clinical response as measured by disease-free survival.  It has been shown 
that 2-year disease-free survival is a good marker of long-term response and this will be used as 
a surrogate marker of long-term clinical response.  Disease-free survival will be determined by 
results of patients’ periodic radiological and physical examinations, that are part of the standard 
of care, for two years following the completion of chemo-radiation or surgery.  As part of the 
standard of care, patients usually have a CT (computed tomography) or MRI (magnetic 
resonance imaging) scan 2-3 months after completion of all planned therapy, a PET (positron 
emission tomography) and CT scan at 4 months post-therapy, and then an MRI or CT scan every 
6 months thereafter for the first 2 years after finishing therapy.  Chest x-rays are also performed 
annually.  Other imaging will be done only if indicated by exam or symptoms.  Standards for 
followup, after completion of treatment, by history and physical examination will be according 
to clinician’s judgment, however patients are usually examined no less than every 3 months 
during year one, every 6 months during year two.  DCE-MRI and 1H-MRS results will be 
analyzed using survival analysis methods to assess the degree to which DCE-MRI parameters 
(Akep, amplitude of the exchange rate constant and Ktrans, transfer coefficient) and 1H-MRS 
parameters, such as choline, provide independent markers of tumor response and/or long term 
disease-free survival when compared to clinical prognosticators (presence and extent of nodal 
metastases, stage, primary disease site, total tumor volume and tumor size).  MR parameters will 
be considered to provide independent prognostic information if they remain statistically 
significant when adjusted for the other variables in the appropriate multiple regression analysis. 
 
 
13.0 CRITERIA FOR REMOVAL FROM STUDY 

Claustrophobia or reaction to Gd-DTPA would constitute the reasons why the physician or PI 
would need to remove the subject from study.  If at anytime the patient is found to be ineligible 
for the protocol as designated in the section on Criteria for Patient/Subject Eligibility (i.e., a 
change in diagnosis), the patient will be removed from the study.  The subject/guardians will 
have the right to withdraw from the study if they choose.   

 
14.0 BIOSTATISTICS 

We anticipate seeing 40 new head and neck cancer patients with per year; 15 patients will 
undergo chemo-radiation therapy (subset 1) and 25 patients will be treated by surgery (subset 2).  
Patients will be entered for five years, to an expected total of 75 in subset 1 and 125 in subset 2.  
If the total of 75 in subset 1 and 125 in subset 2 is not reached within five years, continued 
accrual will be dependent on extension of federal funding.  In 1H-MRS data, choline will be 
assigned and fitted by Marquardt algorithm assuming Gaussian line shape using SAGE software.  
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In DCE-MRI data, the signal intensity versus time data for the tumor will be graphed. From these 
enhancement curves, parameters that will be calculated are Ktrans (transfer coefficient) as well as 
Akep (amplitude of the exchange rate constant).  Simple relationships between MR data (Akep, 
Ktrans, and choline) will be assessed using correlation coefficients.  We will determine which data 
transformations (such as logarithm of square root), if any, bring the statistical distribution of each 
of the quantitative measures into closer approximation with normal distribution before 
performing statistical tests.  Prognostic significance will be assessed using survival analysis 
methods such as the Cox proportional hazards regression model.  More detailed multivariate 
analysis will be used, such as multiple regression and analysis of covariance, to evaluate MR 
measures in the context of relevant clinical covariates, such as age, gender, and tumor site, type 
and stage.  When assessing the relationships between parameters, there will be a > 80% chance 
of detecting a statistically significant correlation (p<0.05, two-sided) between the MR 
parameters, or changes in parameters, if the true correlation coefficient in subset 1 is r=0.32 or 
greater and in subset 2 if r=0.25 or greater. We will use power functions or polynomial 
regression to determine if the relationships are other than linear. 
 
Tumor response will be assessed radiologically to determine the effect of chemo-radiation 
therapy.  We will assess whether the MR parameters measured at that time are predictive of 
tumor response as subsequently determined by standard clinical evaluation (i.e. by routine 
radiological imaging assessments: CT (computed tomography) or MRI (magnetic resonance 
imaging), and/or PET (positron emission tomography)). We will consider both absolute levels of 
the parameters and changes relative to the baseline measurements for each patient.  This will be 
done by logistic regression, again including relevant clinical prognostic factors to determine 
whether they provide independent prognostic information.  However, the best outcome measure 
is clinical response as measured by disease-free survival. It has been shown that 2-year disease-
free survival is a good marker of long-term response and this will be used as a surrogate marker 
of long-term clinical response.  Estimated 2 year survival in head and neck cancer patients is 55-
65% irrespective of the treatment they receive which may be surgery or chemo-radiation therapy.  
For illustration, we use 2-year disease-free survival as a long-term criterion for clinical outcome, 
because it is easier to estimate (approximately 70%) a priori than the full survival curve. Then 
for any MR parameter there will be approximately 80% chance of a statistically significant 
comparison between those patients who progress and those who do not, if the difference between 
the means is 0.72 times the within-group standard deviation in subset 1 and 0.56 times the 
within-group standard deviation in subset 2.  The actual comparison will be done using survival-
analysis methods such as Cox regression to make more efficient use of the data, adjust for 
clinical variables (tumor type, stage, age at diagnosis) that impact survival, and assess the degree 
to which parameters give independent prognostic information.  All head and neck cancer patients 
will undergo essentially equivalent treatment with chemo-radiation therapy or surgery.  The data 
will be stratified based on stage but not on likelihood of relapse.  Patients will be followed for 2 
years following the completion of chemo-radiation or surgery to obtain more complete disease-
free survival follow-up. 
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For any parameter that can be studied in parallel in the two treatment groups, we will use the 
combined sample to improve power, adjusting for treatment as a possible covariate or stratifying 
in survival analysis.  Wherever a one-sided test is appropriate, as when a correlation is only 
expected to be positive, statistical power will be enhanced.  Results will be reported with 
consideration to issues of multiple statistical testing in this setting. 
 
 
15.0 RESEARCH PARTICIPANT REGISTRATION AND RANDOMIZATION PROCEDURES 

15.1   RESEARCH PARTICIPANT REGISTRATION 

The following person(s) can obtain informed consent: 
 

Jatin Shah, MD 
Dennis Kraus, MD 
Ashok Shaha, MD 
Richard Wong, MD 
Bhuvanesh Singh, MD 
Snehal Patel, MD 
Nancy Lee, MD 
David Pfister, MD 
Hilda Stambuk, MD 
Sasan Karimi, MD 
Maayan Korenblit, BS 
Amita Dave, PhD 
Jason A. Koutcher, MD, PhD 

 
Confirm in the electronic medical record that the patient has received the Notice of Privacy 
Practice.  This must be obtained before the eligibility confirmation and obtaining of the research 
informed consent. 
 
Confirm eligibility as defined in the section entitled Criteria for Patient/Subject Eligibility. 

Obtain written informed consent, by following procedures defined in section entitled Informed 
Consent Procedures. 

All particpants must be registered through the Protocol Participant Registration (PPR) Office at 
Memorial Sloan-Kettering Cancer Center.  PPR is available Monday through Friday from 
8:30am - 5:30pm at (646) 735-8000. The PPR fax numbers are (646) 735-0008 and (646) 735-
0003.  Registrations can be phoned in or faxed.  The completed signature page of the informed 
consent form, the completed signature page of the Research Authorization and a completed 
Eligibility Checklist must be faxed to PPR. 
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During the registration process registering individuals will be required to answer specific 
eligibility questions and provide the following information: 

Registering Individual                    [Last, First Name] 
Notice of Privacy Status         [Yes, No, N/A] 
Research Authorization    [Date] 
MSKCC IRB Protocol# 
Attending of Record  (if applicable)     [Last, First Name] 
Consenting Professional           [Last, First Name]  
Informed Consent Date 
Participant's Full Name                       [Last, First Name] 
Participant MRN 
 

16.0 DATA  MANAGEMENT ISSUES 
Clinical data (name, age, medical record number, pathology, dates of treatment, treatment 
regimen, date of surgery, date of chemotherapy, and date of radiation therapy) will be collected 
by the research study assistant (RSA).  Imaging data will be analyzed by Drs. Dave and 
Koutcher.  The responsibilities of the RSA include project compliance, data collection, 
abstraction and entry, data reporting, regulatory monitoring, problem resolution and 
prioritization, and coordinate the activities of the protocol team.  The data for this study will be 
entered into a secure database.  Source documentation will be available to support the 
computerized patient record. 

 
All data and forms gathered for this study will be collected in a secure location in the facilities of 
the Department of Medical Physics.  Data will be added and stored in the Clinical Research 
Database (CRDB). 
 
Regular meetings, attended by the research assistant(s), investigators and the Principal 
Investigator will be held to review study progress and to manage any difficulties encountered. 
 

16.1 Quality Assurance 

Weekly registration reports will be generated to monitor patient accruals and 
completeness of registration data.  Routine data quality reports will be generated to assess 
missing data and inconsistencies.  Accrual rates and extext and accuracy of evaluations 
and follow-up will be monitored periodically throughout the study period and potential 
problems will be brought to the attention of the study team for discussion and action 
 
Random-sample data quality and protocol compliance audits will be conducted by the 
study team, at a minimum of  two times per year, more frequently if indicated. 
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16.2 Data and Safety Monitoring 

The Data and Safety Monitoring (DSM) Plans at Memorial Sloan-Kettering Cancer Center 
were approved by the National Cancer Institute in September 2001.  The plans address the 
new policies set forth by the NCI in the document entitled “Policy of the National Cancer 
Institute for Data and Safety Monitoring of Clinical Trials” which can be found at:  
http://cancertrials.nci.nih.gov/researchers/dsm/index.html.   The DSM Plans at MSKCC were 
established and are monitored by the Office of Clinical Research.  The MSKCC Data and 
Safety Monitoring Plans can be found on the MSKCC Intranet at: 
http://mskweb2.mskcc.org/irb/index.htm 
 
There are several different mechanisms by which clinical trials are monitored for data, safety 
and quality.  There are institutional processes in place for quality assurance (e.g., protocol 
monitoring, compliance and data verification audits, therapeutic response, and staff education 
on clinical research QA) and departmental procedures for quality control,  plus there are two 
institutional committees that are responsible for monitoring the activities of our clinical trials 
programs.  The committees: Data and Safety Monitoring Committee (DSMC) for Phase I and 
II clinical trials, and the Data and Safety Monitoring Board (DSMB) for Phase III clinical 
trials,  report to the Center’s Research Council and Institutional Review Board.   
 
During the protocol development and review process, each protocol will be assessed for it’s 
level of risk and degree of monitoring required.  Every type of protocol (e.g., NIH sponsored, 
in-house sponsored, industrial sponsored, NCI cooperative group, etc.) Will be addressed and 
the monitoring procedures will be established at the time of protocol activation 

 
 

17.0 PROTECTION OF HUMAN SUBJECTS 

MRI is considered a minimal risk device.  MRI with contrast is a standard diagnostic test utilized 
in the staging of subjects with head and neck cancers and the risk from exposure to the additional 
standard FDA approved sequence used in DCE-MRI and 1H-MRS should not be considered any 
greater than conventional MRI sequences.  Subjects will be responsible for all charges associated 
with the items that are part of the routine care, including the initial study if they do not have a 
previous adequate study.  The subjects will not be compensated for their participation.  Every 
effort will be made to keep study records private.  No identifiers will be used in any reports or 
publications resulting from this study.  All data obtained will be shared with the patients’ 
physicians and will be considered by them in the clinical context but it is not expected to have 
impact on decision making processes. 
 
During informed consent, it will be made clear to the patient that participation is voluntary.  
Participation in the study is not expected to convey any significant benefits to any patient 
enrolled.  At the time of informed consent, potential subjects will be advised of alternatives to 
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the proposed study.  All data will be maintained on a secure database to ensure patient privacy 
and confidentiality. 
 
Inclusion of Children in Research 
 
This protocol/project does not include children because the number of children is limited and 
because the majority are already accessed by a nationwide pediatric cancer research network.  
This statement is based on exclusion 4b of the NIH Policy and Guidelines on the Inclusion of 
Children as Participants in Research Involving Human Subjects. 

 

17.1 Privacy 

It is the responsibility of the Research Staff to ensure that protocol subjects received the 
Center’s Notice of Privacy Practices.  If the subject has not received one, MSK personnel 
must provide a Notice of Privacy Practices and obtain acknowledgment before the subject 
participates in the study. 

 
MSKCC’s Privacy Office may allow the use and disclosure of protected health 
information pursuant to a completed and signed Research Authorization form.  The use 
and disclosure of protected health information will be limited to the individuals described 
in the Research Authorization form.  A Research Authorization form must be completed 
by the Principal Investigator and approved by the IRB and Privacy Board. 

 
17.2 Serious Adverse Event (SAE) Reporting 

Any SAE must be reported to the IRB as soon as possible but no later than 5 calendar 
days. The IRB requires a Clinical Research Database (CRDB) AE report to be delivered 
to the Institutional SAE Manager (307 East 63rd Street, 1st Floor) containing the following 
information: 
Fields populated from the CRDB: 
• Subject’s name (generate the report with only initials if it will be sent outside of  

 MSKCC) 
• Medical record number 
• Disease/histology (if applicable) 
• Protocol number and title 
 
Data needing to be entered: 
• The date the adverse event occurred 
• The adverse event 
• Relationship of the adverse event to the treatment (drug, device, or intervention) 
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• If the AE was expected 
• The severity of the AE 
• The intervention 
• Detailed text that includes the following information: 

o A explanation of how the AE was handled 
o A description of the subject's condition 
o Indication if the subject remains on the study 
o If an amendment will need to be made to the protocol and/or consent form 
 

The PI’s signature and the date it was signed are required on the completed report. 
 
18.0 INFORMED CONSENT PROCEDURES 

The risks/drawbacks including the need for 1-2 MRI studies will be stated and explained.  The 
risk of injection of Gd-DTPA (headaches, itchiness, and rash, one death has been reported) will 
be described and are minimal.  The duration of the study (about 80 minutes for a full staging 
study and about 30-35 minutes for purely research studies) will be stated.  There will be no 
payment for participation in the study.  There will be three copies of the informed consent: one 
for the patient to keep, one for the medical record, and one for the research files. 
 

18.1 Research Authorization  

Procedures for obtaining Research Authorization: Before any protocol-specific 
procedures are carried out, investigators and/or designated staff will fully explain the 
details of the protocol, study procedures, and the aspects of patient privacy concerning 
research specific information.  In addition to signing the IRB Informed Consent, all 
patients must sign the Research Authorization component of the informed consent form.  
The Research Authorization requires a separate set of signatures from the patient.  The 
original signed documents will become part of the patient’s medical record, and each 
patient will receive a copy of the signed documents. 
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