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Introduction


When examining the resection cavity of gliomas and the region surrounding it, a difficult aspect of diagnosing this serious disorder is distinguishing between two very different maladies: Radiation Induced Necrosis (RIN) and recurrent disease.  The latter may be helped by additional radiation, while the former will be made worse.  In view of this dilemma, differentiating these two ailments is of utmost import.  

Magnetic Resonance Spectroscopy (MRS) has shown promise in aiding this diagnosis.  In addition to MRS, Diffusion Weighted Magnetic Resonance Imaging (DWMRI) has been shown to be useful in determining/predicting efficacy of therapy, including Radiation Therapy (RT).  

Since the majority of gliomas recur within 2cm of the primary, we plan on initiating an imaging protocol whereby we will monitor a Volume Of Interest (VOI) that consists of a cube, 4cm on a side, centered at the point of the primary.  By longitudinally monitoring sections of this cube, we hope to gain understanding on how and where this disease is most likely to progress.  Furthermore, this information has the potential to aid in planning disease management.  

In addition, we would like to address these same issues for patients who have received radiation treatment for brain metastases.

Study Objectives

The objective of this study is to investigate the ability of Diffusion Weighted Magnetic Resonance Imaging and Magnetic Resonance Spectroscopy to differentiate normal brain parenchyma, normal necrotic tissue (or Radiation Induced Necrosis (RIN)), tumor, and tumor necrosis.
The detailed objective is to characterize the four main different types of brain tissue in glioma patients that have undergone radiation therapy.  Those four types of tissue are: 1) Normal brain parenchyma.  This is generally thought of as a ‘late responding’ tissue regarding radiation therapy, and in regards to the ‘linear quadratic model’ has an (/( of ~ 2
.  2)  Normal necrotic tissue.  This is normal brain tissue that has received too much radiation and has, as a result, suffered necrosis.  Due to the late responding nature of this tissue, these effects are not expected to manifest themselves for months to years after radiation therapy.  3) Tumor.  This includes both primary and metastatic lesions.  They are the target of any radiation therapy, and, in distinction from normal brain, are assumed to be an ‘acute’ responding tissue, meaning that they may respond within days to weeks from the application of RT.  They are thought to have an (/( of ~ 10.  4) Tumor Necrosis.  This is the part of a tumor that has become necrotic.  The goal of radiation therapy is to kill the tumor, so tumor necrosis is in general, a desired tissue state.  However, tumors can become necrotic due to reasons other than radiation;  e.g., hypoxia.
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Figure 1: Radiation necrosis with  tumorlike growth arising distant to the site of the primary.  a) T1 weighted contrast enhanced spin echo MRI taken 16 months after completion of radiotherapy.  b) T1 weighted contrast enhanced spin echo MRI taken 2 months 15 days later. Two weeks later, histopathologic analysis following partial excision revealed no evidence of recurrent tumor5.

 A number of studies have linked a rise in the ‘Apparent Diffusion Coefficient of water’ (ADCW), as determined by DWMRI, to effective therapy
,
.  It is hypothesized that as effective therapy progresses, tumor cells begin to break down and become more porous.  This leads to an increase in water mobility, which in turn leads to a rise in the ADCW.  Since it has long been known that tumor gives a different MR signal than does normal tissue
, it is possible that using DWMRI, in conjunction with MRS, one can more easily distinguish tumor necrosis from normal tissue necrosis.  
The ability to distinguish between these various tissues has a number of potential benefits.  For example, distinguishing active tumor from tumor necrosis aids in the assessment of the success of therapy and the need for additional treatment.  Distinguishing between RIN and recurrent disease is perhaps the most important contrast.  In Figure 1
 the reason behind this importance becomes apparent.  In these scans, it is clear that RIN can mimic recurrent disease, which makes the decision of whether or not to prescribe more radiation very difficult.  Although this differentiation is most important, here the results may be more of a pilot nature because of the relatively low incidence of RIN.  As noted below, patients will be selected based in part on their expected risk of RIN.
Study Design

One of the main considerations of this study is what type of radiation treatments are most at risk for development of RIN.


Regarding gliomas and metastatic brain tumors, there are broadly four categories that patients receiving radiation therapy fit into: 1) Fractionated Radiation Therapy.  Here, a patient that has been diagnosed with a glioma is prescribed a series of  radiation treatments that take about six weeks to complete. 2) Hypo-fractionated Radiation Therapy.  This is similar to fractionated radiation therapy, but the time is compressed to five days. 3) Stereotactic Radio Surgery (SRS).  Here, a patient is prescribed a single large dose of radiation.  This can have the advantage of added convenience, but the radiobiological equivalence to a fractionated course is still an open question. Finally, 4) Re-treatment. These are patients that have already received some radiation to the brain, and are returning for additional radiation.  They are at highest risk for RIN. 


All of the patients enrolled in this brain imaging protocol will be treated with radiation derived from our recently purchased Novalis Brainlab linear accelerator.   


In order to ensure that this study is conducted properly, we intend only to enroll those patients that have a reasonable risk of RIN.  To determine this risk, we must first compare the different types of radiation therapy used to treat gliomas.

Fractionated Radiation Therapy


Fractionated radiation therapy generally takes the form of either Intensity Modulated Radiation Therapy (IMRT) or Stereotactic Radiation Therapy (SRT).  In either of these cases, a patient receives approximately 30 fractions of radiation.  With IMRT, the radiation is modulated in intensity to achieve a conformal dose distribution.  With SRT (and IMRT), a mask is placed over the head to maintain a precise delivery.  For either of these cases, a minimum of 60Gy of radiation will be required for patient enrollment.  This amount of  radiation will result in an ~5%(to 24%5) incidence of RIN within 5 years of treatment, TD 5/5
.  

Hypo-Fractionated Radiation Therapy


In hypo-fractionated radiation therapy, the conventional course of ~30 fractions are compressed into a single week of five fractions, one/day.  In order to calculate the equivalent amount of radiation delivered in a hypo-fractionated regime,  we used the ‘linear quadratic’ model of radiation dose1.  With respect to this model, the brain has an (/( ~2, indicating it is a late responding tissue.  The Biologically Effective Dose (BED) can be written as BED =  E/( = nd
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 with E the biological effect, n the number of fractions, d the dose and ( and ( the linear and quadratic cell components respectively.  Using this equation, the BED of a conventional treatment of 60Gy in 2Gy fractions is found to be 120 Gy.  Using the same equation, we can find out what the fraction size of a BED of 120Gy is for five fractions.  We find out that 5x6Gy has a BED of 120Gy.  i.e. 120 Gy = 5*6Gy*(1 + 6/2).  We therefore require that patients receiving a hypo-fractionated dose regime to received a minimum of 5x6Gy for enrollment.   

Stereotactic Radio Surgery

In distinction from fractionated radiation therapy, SRS administers a single large dose of radiation to the site of the tumor, or in the case of resection, tumor bed.  In order to maintain a similar enrollment criteria as for fractionated RT, it is necessary to estimate how much radiation in a single fraction will result in a 5% chance of RIN.  A recent study was published in which SRS dose was compared to a fractionated dose
.  In this study, similar to above, the authors used a BED formalism to compare fractionated RT to SRS.  They estimate that a hypo-fractionated regime in which normal tissue brain tissue ((/( ~ 2) is given 55Gy in 6Gy/fraction is equivalent to a single SRS dose of 20Gy.  With this in mind, we will require that in order for SRS patients to be enrolled in this protocol, a minimum dose of 21Gy is needed.

Re-treatment


Since gliomas almost always recur in a location close to the original disease site, it often happens that patients are offered radiation in addition to that which has already been delivered to the site of  the disease.  The minimum dose limit for enrollment of these patients is a total dose that equals, or is greater than, the corresponding dose for the above referenced patients that have not had any previous RT: i.e., 60Gy for SRT (Conventional) 30 Gy for SRT (Hypo-fractionated) and 21 Gy for SRS.  It is estimated that the radionecrosis incidence in this group of patients will be greater than 5%
.  These enrollment criteria are listed in Table 1.

Table 1: Enrollment Criteria

	Radiation Type
	Number of Fractions
	Minimum Amount of Radiation (Gy)

	
	
	

	SRS
	1
	21

	SRT (Hypo-fraction)
	5
	30

	SRT (Conventional fraction)
	30
	60

	Re-treatment
	varies
	varies


Note:  Hypofractionated radiotherapy and SRS have been used for some time here in the department of  Radiation Oncology at the University of Arizona.  This imaging proposal is not intended to effect in any way, the decision of  what type of  radiation therapy is prescribed for an individual patient.

MRI/MRS Machine


Due to the increased signal to noise requirements needed for the MRS scans, we request the use of the 3.0 Tesla GE VH94 MRI machine
.

DWMRI

As indicated above, DWMRI has been correlated, via the ADCW, to effective therapeutic treatment of different types of cancer2,3.  While this is certainly a useful application of this new imaging modality, it is not specifically what we propose to do.  

Necrotic tissue, cancerous or otherwise, is thought to undergo a cellular breakdown leading to increased water mobility.  Therefore, it has been suggested that DWMRI could also be useful in discriminating between RIN and recurrent disease.  It has been applied to this end, with mixed results.  Some investigators have indicated that DWMRI has provided no additional information above MRS in discriminating between RIN and recurrent disease
,
 while others have reported that DWMRI can aid
.  One of our main goals is to help to settle the question of whether or not DWMRI can assist in this differentiation.

Since these scans are to be performed on actual patients, scan time is an important consideration.  A new and improved way to quickly obtain isotropic DWMRI scans has recently been developed here
, and we intend to use this method of scanning to obtain the DWMRI images.

Magnetic Resonance Spectroscopy

MRS, or Chemical Shift Imaging (CSI), has the ability to determine metabolite levels in the brain. In Figure 2, an MRS spectra is shown superimposed on an MRI scan of a healthy volunteer.

In particular the metabolites Choline (Cho), Creatine (Cr) and N-Acetyl Aspartate (NAA) have been measured extensively.  Using MRS, researchers have been able to correlate ratios of these levels in normal tissue that has suffered RIN, and tumor.  It has been found that in general, both the Cho to Cr ratio and the Cho to NAA ratio are generally highest in recurrent tumors, followed by RIN and finally normal appearing white matter
,
.  This is depicted graphically in Figure 3.

Researchers have investigated how to use these differences in planning target volumes for treatment
.
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Figure 2): a) T1 weighted MRI scan of a healthy volunteer. b) Corresponding MRS (CSI) scan of red inset showing Cho, Cr and NAA peaks. The vertical axis is the strength of the MR signal, and the horizontal axis is the shift in frequency in parts per million (ppm).
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Figure 3: Metabolite ratios for different tissue types14.

Study Methods and Procedures

As indicated above, all enrolled patients will receive a set of CT scans followed by a baseline set of MRI scans prior to treatment.  One month after treatment, a follow up set of MRI scans will be taken, and then two months after that.  In Table 2, some of these details are outlined.  

Table 2:  Imaging Sequence for Enrolled Patients

	Date Completed
	Time from End of Radiotherapy (except for baseline scans)
	Scans Performed
	Comments

	
	30 days (1 month)
	MRI, DWMRI, MRS
	First scan for comparison.

	
	90 days (3 months)
	MRI, DWMRI, MRS
	Second scan for comparison.  Potential radiation necrosis.

Check ADCW for change.

	
	180 days (6 months)
	MRI, DWMRI, MRS
	Third scan for comparison.  Potential radiation necrosis.

Check ADCW for change

	
	360 days (12 months)
	MRI, DWMRI, MRS
	Fourth scan for comparison.  Potential radiation necrosis.

Check ADCW for change

	
	540 days (18 months)
	MRI, DWMRI, MRS
	Fifth scan for comparison.  Potential radiation necrosis.

Check ADCW for change

	
	720 days (24 months)
	MRI, DWMRI, MRS
	Sixth scan for comparison.  Potential radiation necrosis.

Check ADCW for change

	
	900 days (30 months)
	MRI, DWMRI, MRS
	Seventh scan for comparison.  Potential radiation necrosis.

Check ADCW for change

	
	1080 days (36 months)
	MRI, DWMRI, MRS
	Eighth scan for comparison.  Potential radiation necrosis.

Check ADCW for change


*Pre-treatment CT/MRI O.K. and patient can be enrolled if DW MRI/MRS not done.

*When patients are enrolled they will be asked if they will allow us to do DW MRI/MRS prior to treatment.
Of these nine scans outlined in this table, only the second one is above and beyond what would be considered normal ‘standard of care’. We expect the total scan time for the three different image sets to be approximately 60 minutes.

Scan Details

DWMRI


For the nominal MRI scans, we propose to use Gd enhanced Fast Recovery Fast Spin Echo (FRFSE).  For the DWMRI scans, we propose to use T2 weighting and four different ‘b’ values, to determine an ADCW value for each of the 64 1cc cubes in the VOI: 0 (no diffusion weighting), 300, 700 and 1,000 s/mm2.  In addition, we will use isotropic Radial Fast Spin Echo (RFSE), as indicated above, to obtain the DWMRI images.  The GE on board software, ‘Functool’, has the ability to automatically obtain an ADCW map using two different b values: 0 and 1,000 s/mm2.  We plan on taking these data as well for comparison. 

MRS


MRS generally requires a higher Signal to Noise Ratio (SNR) than does MRI.  For this reason, it is possible that this scan may require more time than others. In Table 3, some details of the different scans are shown.

MRS-DWMRI Differences


We expect that DWMRI, particularly using the Radial Fast Spin Echo (RFSE) technique, will have fine resolution (pixel size of  ~ 1mm2 and slice thickness of 3mm).  On the other hand the voxel size of the MRS, as indicated in Figure 1, we expect to be on the order of 1cc.  This disparity in voxel size has implications about how best to use both of these different imaging modalities.  


A likely scenario is that tissue within the larger MRS voxel will consist of normal tissue and/or recurrent disease and/or necrotic tumor and/or normal tissue suffering from RIN.  How best to differentiate these four different tissue types is one of the main objectives of this study. 

Table 3:  Scan Details

	Scan Type
	Scan Details
	Time Echo Delay (TE, ms)
	Repetition Time (TR, ms)
	Actual Patient Scan Time (min)

	MRI
	T1 Weighted, Fast Recovery Fast Spin Echo, Gd enhnc.
	87
	5,600
	5

	DWMRI
	T2 Weighted, Fast Recovery Fast Spin Echo, Diffusion Weighted, b=0, 300, 700 and 1000 s/mm2
	76
	10,000
	5

	MRS
	PRESS
	35
	1,500
	10


Eligibility Criteria

Inclusion


The inclusion criteria for this study are patients that have had a malignant glioma (resected or otherwise) or patients who have metastatic tumors of the brain and are candidates for radiotherapy, and are greater than or equal to 18 years of age.  The minimum amount of radiation required for enrollment is listed in Table 1.  

Exclusion


Any person with contra-indications for an MRI examination will be excluded. 

Approximately 10% of subjects experience anxiety during the MRI exam because of claustrophobia.  The screening questionnaire includes questions on fear of enclosed spaces and previous claustrophobic reactions.  In addition to claustrophobia, a potential exclusionary criteria has to do with metal implants.  The GE MRI scanner generates extremely strong magnetic fields (3.0T).  A patient with any non-MRIcompatible metal implants would be excluded. In addition, if a patient has any MRI compatible metal implants near (~10cm) the imaging area, the ability to obtain an artifact free image is comprised, and these patients may be excluded even if the metal is MRI compatible (safe).
Adverse Events

Adverse Event Reporting

 
There is a chance that some patients will have an unanticipated claustrophobic reaction to the MRI scanner.  If this happens, it will be reported.  If a subject experiences anxiety through movement or verbal report the MRI exam will be discontinued.   

Serious Adverse Event Reporting
There is a small chance that a patient may have an adverse reaction to the Gd enhancing agent.  If this happens, it will also be reported as necessary.
Data Collection, Data Analysis and Data Disclosure

Data Collection


We expect to enroll approximately 60 patients in this three year study.  During this time, we will obtain four scans for each patient over a period of  approximately two months.  We will analyze these data as we take them.

Data Analysis

To determine values of  the Apparent Diffusion Coefficient of water (ADCW), we plan on creating histograms of pixel intensity for each Region Of Interest (ROI), and manually circumscribing the ROIs across slices.  To do this, we propose to use Matlab software, and possibly Amira Image analysis software (TGS, San Diego, CA) if needed.  Average values of  signal intensity of the multi slice data will be binned into histograms and compared with the baseline signal intensity of the slices with no diffusion weighting (b=0).   To obtain ADCW, a least squares fit to ln(Ii/ Io) = -bi*ADCW will be made, with bi the value of the diffusion weighting and Ii the average pixel intensity of the region being monitored and where the y intercept is forced to be zero (ln(1) = 0).  This process is depicted graphically in Figure 4, taken from a previous publication3.

In addition to manually determining ADCW as described above, there is an option of obtaining an ADCW ‘map’, using the GE ‘Functool’ software that comes with the machine.  This software utilizes two b values (b = 0 and 1,000 s/mm2) to obtain a two point fit to the plot of  ln(Ii/ Io) vs -bi*ADCW, as we propose to do by hand above.  We plan on also taking this automatic ‘Functool’ scan for comparison, as it will add only a small amount (~few minutes) of additional time.

[image: image2.png]b=0s/mm? b=150s/mm? b=300s/mm? b=450s/mm?

w

In(1,/15) =-b,D

0 100 200 300 400 500
b-value





Figure 4: Breast liver met circled bottom left.  No diffusion weighting (b=0) is baseline, top left. Most diffusion weighting (b=450s/mm2), top right. ADCW is slope of plot (-D in figure), bottom right3.

Data Disclosure


After the above referenced 60 scans have been analyzed, we will publish the results of this study in an appropriate journal.  We expect that we will have additional results along the way, that will also be published.

Data Safety and Monitoring

We will monitor the data we acquire to insure protocol standards and Arizona Cancer Center (AZCC) standards are adhered to.  A quarterly report will be prepared and sent to the Data Safety and Monitoring Board (DSMB).  In this report, accrual information will be summarized.  In addition, adverse events will also be included. However, due to the non-invasive nature of the MRI scans to be performed, we expect that the number of adverse events will be minimal.

Statistical Design


In order to estimate how many patients, and what type of treatments we can expect for this protocol, it is worthwhile to examine how many and what type of treatments have taken place in the past 1.5 years on the Brainlab Accelerator.

Expected Patient Enrollment


Over the past 1.5 years, there have been at least 35 glioma patients treated via SRS on the Novalis machine.  Some characteristics of the amount of  radiation these patients received can be seen in Table 4.


Table 4:

Information about 35 SRS Brainlab Patients 9/28/04 – 3/23/06

	Dose Characteristic
	Value

	
	

	Average Dose
	19.7 Gy

	Median Dose
	20 Gy

	Number Pts Receiving ( 21Gy
	19

	Maximum Dose
	24 Gy

	Minimum Dose
	12 Gy


As can be seen in this table, 19 SRS patients would have been eligible to enroll in this imaging protocol on the basis of their single SRS dose alone.  In addition to this, 9 of these 35 patients received prior radiation to the brain, mostly in the form of ‘whole brain’ radiation (usually 10 Fx ( 3 Gy/Fx). Of these 9, 7 are patients that would not have been able to enroll due to a dose an SRS dose below 21Gy.  The remaining two patients would have been able to enroll anyways. So a total of 26 (19 + 7) patients would have been able to enroll during this period (i.e., their dose ( 21 Gy).

Of these 35 patients, 5 (14%) had a diagnosis of GlioBlastoma Multiforme (GBM). In addition to these SRS patients, there have also been at least 40 patients treated via SRT on the Novalis machine.  In Table 5, characteristics of some of these patients are displayed.

Table 5:

Information about SRT Brainlab Patients 11/24/04 – 4/27/06

	Fractionation
	# of Patients
	# Received Previous RT

	
	
	

	Conventional ( 60Gy
	4
	0

	5x5 (25Gy)
	11
	2

	5x6 (30Gy)
	7
	1

	5x7 (35Gy)
	1
	1


As can be seen in this table, 4 patients had conventional fractionation ( 60Gy that would enable enrollment.  18 of the 40 patients received a hypofractionated schedule of either 5x5, 5x6 or 5x7Gy of radiation.  Of these 18, 8 received ( 30 Gy that would have enabled enrollment.  4 had received prior radiation, again, mostly in the form of  ‘whole brain’.  As can be seen, 2 of these 4 enabled enrollment of patients that otherwise would not have been eligible.  A total of 14 of these 40 patients would have been eligible.

Of these 40 patients, 10 (25%) had a diagnosis of GBM.

Expected RIN Incidence


Since, as mentioned above, the brain is considered a late responding tissue, we do not expect to see any evidence of RIN for months to years after the delivery of radiation.  Therefore, in order to estimate the number of patients we expect to see suffer from RIN, survival data needs to be folded in.  In a recent publication, a relatively large cohort (788) of glioma patients were studied post treatment
.  They were divided into those diagnosed with GBM and non-GBM. The 24 month survival fraction for GBM and non-GBM patients was 11% and 58% respectively. For our patient sample here, we will assume the same survival fraction for GBM and non-GBM malignancies.  In Table 6, these assumed survival fractions are applied to the expected glioma patient population.  

Table 6:

Expected Survival Data from Glioma Patients
	Disease
	RT
	# of Patients
	# Alive @ 2 yr
	Ave. Dose (Gy)
	Med. Dose (Gy)

	
	
	
	
	
	

	GBM
	SRS
	5
	0.5
	19.3
	20

	Non-GBM
	SRS
	30
	17.4
	19.7
	20

	GBM
	SRT
	10
	1.0
	-
	-

	Non-GMB
	SRT
	30
	17.4
	-
	-


As can be seen in this table, the dose for the SRT patients was not displayed, since different fractionation patterns made comparisons difficult.  Of the non-GBM patients treated by either SRS or SRT, we can expect slightly more that 17 of them to be alive after a period of 24 months.  For the GBM patients, we expect approximately one patient to survive from either group.


As indicated above, a 5% (to 24%) incidence of RIN can be expected, given the dose enrollment criteria. 

Statistical Considerations

As noted above, the sample size of 60 patients was chosen on the practical basis of what can be accomplished during the 3 years of this exploratory study.  All patients will provide data on normal brain parenchyma and on tumor.  For an initial study such as this, a total of 60 patients should provide much useful data on the results of MRS and DWMRI.  In addition, data on interpatient variability will aid in the design of future larger studies.  It is estimated that approximately  50% of patients will experience tumor necrosis during the study; the number who provide meaningful data will depend on the biopsy rate.  Fewer patients are expected to develop RIN.  The most conservative estimate is 5%, but selection of patients will try to enhance the sample with those patients who are most at risk.  Here, the data will be of a pilot nature, but should aid in the design of future studies.
Histology Correlation


In the normal course of  patient care, histological examinations are common.  We realize that the current ‘gold standard’ for definitive diagnosis of gliomas  is a pathologic examination of tissue samples obtained from biopsy.  However, in this imaging study, we do not plan on compelling any additional histology, from that which would otherwise be ordered in the absence of this study for the patients that choose to enroll.  We will study these clinical correlates as they become available, and look for correlations with DWMRI and MRS.  We expect that roughly 50% of the enrolled patients will undergo biopsy.


During the biopsy procedure, the BrainLAB VectorVision image guided surgery system will be utilized.  This system uses infra-red cameras, infra-red reflectors and/or a laser tool (z-touch() to accurately locate facial features and the skull position of the patient under treatment.   A special MRI is ordered specifically for the biopsy, separate from this study.  Once either the laser points and/or the reflectors are entered, a ‘pair points’ file is created, that contains the real space and image space location of each point.  Rigid body translation and/or rotation is then applied to minimize  the error associated with these points.  The MRI used for the biopsy is then registered with these points, so that the biopsy location can be accurately determined.  The uncertainty associated with this method is conservatively ~ ( 2 mm
.


In order to register the biopsy MRI with the protocol MRI, we intend to use the registration software that comes with the BrainLAB planning system.  This uses mutual information as a similarity measure to fuse the two sets of images
.  The registration uncertainty, both the Vector Vision to the biopsy MRI, and the biopsy MRI to the protocol MRI will be added in quadrature to come up with a total uncertainty. This total uncertainty is expected to be ~3mm


Even in the absence of any clinical correlates, we will still conduct longitudinal monitoring of the VOIs.  This monitoring will produce plots, a sample of which can be seen in Figure 5.  We will produce similar plots for ADC values.
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Figure 5: Sample of what longitudinal study of VOI will potentially produce.

Statistical Significance


In order to demonstrate that a combination of MRS and DWMRI can differentiate between RIN and recurrent disease, we plan on using standard statistical tests to demonstrate a causal correlation.  e.g., we will, by investigation of clinical correlates, determine which enrolled patients suffer from RIN or recurrent disease.  We will then look for statistical significance between whether or not our predictions are consistent with the results. As indicated above, statistical significance will take the form of a standard test, such as p-value < 0.05.  Some of the potential prediction criteria are listed in Table 7.

Table 7: Potential Prediction Criteria

	Test Type
	RIN
	Recurrent Disease

	
	
	

	MRS – Cho/NAA 
	Ratio ( 4
	Ratio < 2 

	MRS – Cho/Cr
	Ratio ( 3
	Ratio < 2

	ADC via DWMRI Absolute
	Increase of > 50% in ADC for ROI  in given amount of time
	Increase of < 50% in ADC for ROI in given amount of time

	ADC via DWMRI Change
	Increase of > 1%/day in ADC for ROI in given amount of time
	Increase of < 1%/day in ADC for ROI in given amount of time


Ethical Considerations

Declaration of Helsinki


The study will be conducted in accordance with the Declaration of Helsinki (1964) including all amendment up to and including the Scotland revision (2000).

Institutional Review Board
The protocol and informed consent form for this study will be reviewed and approved by a duly constituted IRB/ethical committee (if necessary) before subjects are screened for entry.

The investigator will ensure that all aspects of the IRB review are conducted in accordance with current institutional, local, and national regulations.  A letter documenting the IRB approval will be provided to the sponsor prior to initiation of the study.  Amendments to the protocol will be subject to the same requirements as the original protocol.  The Investigator will submit all periodic reports and updates that the IRB may require, including any final close out reports.  The Investigator will inform the IRB of any reportable

Informed Consent

Each patient will be provided with oral and written information describing the nature and duration of the study, in a language they can understand, and must consent in writing to participate before undergoing screening. The date of the consent shall be entered by the patient.  The original signed consent form will be retained with the study center’s records.  Each patient will also be given a copy of his/her signed consent form.
Conclusion


The information obtained from DWMRI and MRS has the potential to increase the quality of care for patients with gliomas in a significant way.  By enhancing the ability of clinicians to diagnose how this serious disease is progressing, or not, it is possible that the patients quality and length of life, can be extended as much as is currently possible.

  
It will take some time before the full potential of this imaging protocol can be realized.  In particular, since the incidence of RIN is expected to be on the order of 5%, it will take some time to accrue a number of patients that have encountered this disease.  However, it is hoped that during this time, many new and beneficial facts will be uncovered. 
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