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(57) ABSTRACT 

System for analyzing an in Vivo response of a Subject 
include a radiation detector for detecting radiation present in 
at least one localized Solid tissue region of interest in a 
Subject associated with internal activity of an administered 
quantity of an analyte comprising at least one of C-14 
labeled glucose, a C-14 labeled constituent thereof, and a 
C-14 labeled glucose derivative, in the at least one Solid 
tissue region of interest over a desired time interval of 
interest; and a reader in communication with the implantable 
detector for collecting radiation data from the detector 
asSociated with the detected radiation to determine at least 
one of the following; the in Vivo dynamic, kinetic, and 
metabolic response of the Subject. 
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SYSTEMS, METHODS AND DEVICES FOR IN 
VIVO MONITORING OF A LOCALIZED 

RESPONSE WIAA RADIOLABELED ANALYTE IN 
A SUBJECT 

RELATED APPLICATION 

0001. This application is a divisional of U.S. patent 
application Ser. No. 10/127,207 filed Apr. 22, 2002, which 
claims priority from U.S. Provisional Patent Application Ser. 
No. 60/285,923, filed Apr. 23, 2001, the contents of which 
are hereby incorporated by reference as if recited in full 
herein. 

FIELD OF THE INVENTION 

0002 The present invention is related to systems and 
methods for monitoring radiation and/or metabolic activity 
in a Subject. 

BACKGROUND OF THE INVENTION 

0003. One of the major problems in the management of 
the cancer patient is the predictability or determination of 
therapy response prior to the initiation of treatment. This can 
be particularly important for the patient receiving chemo 
therapy. The conventional approaches in the determination 
of the treatment protocol (to establish a treatment agent or 
drug(s) regimen) to be used in the treatment of specific 
tumor type remains largely empirical. That is, the conven 
tional therapeutic approach is to utilize what is considered to 
be the most effective treatment as determined by prospective 
randomized trials acroSS a Sampled population. This 
approach overlooks the fact that, as each patient is different, 
So is each patient's tumor and/or response to the treatment 
Selected. The biological and physiological uniqueness of 
each patient is not considered nor is the potential for an 
individualized therapeutic approach. See generally Kastris 
Sios et al., Screening for Sources of Interindividual Phar 
macokinetic Variability in Anticancer Drug Therapy. Utility 
of Population Analysis, Cancer Investigation, 19(1), 57-64 
(2001). 
0004 Both the need for and potential benefits of a 
predictive test for a patient's response to a particular treat 
ment protocol, particularly for the cancer patient, have long 
been recognized. The benefits include (a) an increased 
chance for tumor response from initial effective therapy, (b) 
a reduction in the potential for development of resistant cells 
when less effective therapy is given (c) a decreased mor 
bidity associated with non effective therapy, and (d) an 
improved probability of cure or positive outcome with the 
timely administration of effective therapy. It is generally 
accepted that the initial treatment approach is the most 
important to obtain the best tumor response. Second and 
third line therapies are typically less effective and primarily 
palliative. Therefore, the availability of a method to deter 
mine the most appropriate and effective drug (S) prior to the 
initiation of therapy may allow for a maximum response. 
That is, if, for a given tumor, Several drugs have been shown 
to be effective in large clinical trials, the question as to which 
one (S) to use in a particular patient can be important. Since, 
as noted above, differences do exist between individual 
tumors of the same Site, choosing the most effective thera 
peutic agents should increase the likelihood of a beneficial 
response and reduce the chance for the development of a 
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resistant cell population. It may also reduce the possibility of 
utilizing a particular drug as a Second or third line therapy, 
when its effectiveness may be reduced because of the 
development of drug resistant populations. 

0005. An important additional benefit to the patient may 
be a lower morbidity rate than that which is associated with 
a “try and see” approach (that is, to “try” a specific regimen 
and "see” how the patient responds). A knowledge of 
effective drugs may reduce the morbidity of therapy, Since it 
will offer the patient an increased chance for response and/or 
reduce the need for Second and third line therapies. 

0006 The early attempts to establish predictive tests were 
dependent on the availability of cell culture techniques and 
cell lines. The tests included evaluation of cell morphology, 
exclusion of Vital dyes, and incorporation of radioactive 
precursor molecules after incubation of tumor cells with 
anticancer agents. The primary problem was a lack of 
predictive value in most correlative Studies. See, e.g., 
Yarnell et al., Drug Assays on Organ Cultures of Biopsies 
from Human Tumours, Br Med J 1964; 2:490–491. More 
recently, the culture of human tumors was reported by 
Hamburger et al., in Primary Bioassay of Human Tumor 
Stem Cells, Science 1977;197:461–463. Since its introduc 
tion, the Human Tumor Clonogenic Assay (HTCA) has been 
investigated as a predictive assay for human tumors. Con 
trary to the previously identified assays, inhibition of cellu 
lar proliferation is directly used as the experimental end 
point. In addition, it defines results in terms of 
chemoresistance and chemoSensitivity. The cumulative 
results of over 2300 correlations between the HTCA and 
clinical response was reported by Von Hoff et al. in 1990. 
See Von Hoff et al., Selection of Cancer Chemotherapy for 
a Patient by an In Vitro ASSay Versus a Clinician, JNCI 
1990;82:110-116. The results revealed a 69% probability for 
a patient to have at least a partial response if the tumor 
Specimen is Sensitive to the drug in Vitro. However, if the 
tumor is resistant in Vitro, there appears to be a 91% chance 
for clinical resistance. The major technical problems with 
most clonogenic assays include the lack of growth in 40 to 
60% of all Specimens and a relatively long incubation time 
(generally on the order of at least 14 days) before results are 
available. In addition, there is insufficient data available on 
the effect of assay-guided chemotherapy on patient Survival, 
and most clinically observed responses are partial responses. 

0007 More recently, a commercially available assay has 
alleged a 99% accuracy in prediction of clinical failure. The 
Success of the assay purportedly results from extended 
exposure of the patient tumor cells to levels of chemo 
therapy agents, which approximate the peak plasma levels 
attained after conventional IV administration. If a patient's 
cells proliferate after extended exposure to peak plasma 
levels of chemotherapy agents, then it can be accurately 
predicted that these cells will also demonstrate resistance to 
normal exposures in Vivo. However, the reported accuracy to 
predict chemo-sensitivity is only about 60-70%. Moreover, 
the assay method is not able to address tumor response over 
time or in real time. The Sample represents the biology of 
only one point in time of the treatment history of each tumor; 
it does not consider conditions that effect drug delivery to 
the tumor, including poorly perfused tumors, local areas of 
hypoxia or acidosis and host-dependent resistance mecha 
nisms which can cause high false-positive prediction of in 
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vitro chemo-sensitivity. See Kern D H, Tumor Chemosen 
Sitivity and Chemoresistance Assays, Cancer, 79:7, 1447 
1450, 1997. 

0008. Others have proposed alternative methods such as 
Single Photon Emission Tomography (SPECT) and Positron 
Emission Tomography (PET), which have been found to be 
useful for obtaining functional data of tumors when radiop 
harmaceuticals are utilized. There are Several approaches for 
the assessment of chemotherapeutic effects that include 
measurement of tumor metabolism, quantification of phar 
macokinetics of radiolabeled drugs and evaluation of mul 
tidrug resistance. A commonly used positron emitting 
radiopharmaceutical for oncological Studies is F-18-Fluo 
rdeoxyglucose (FDG). FDG is a tracer, which parallels the 
transport and phosphorylation of glucose into the cell but is 
then trapped. Therefore, it is used as an estimate for the 
regional tumor glucose metabolism. In addition, FDG is a 
tracer that shows a preferential accumulation in most of the 
tumor types. As a result, therapy monitoring may be per 
formed using multiple follow-up PET studies where a 
decrease in tumor uptake correlates with clinical response to 
therapy, and conversely an increase is indicative of tumor 
growth. PET can typically be utilized to measure the kinetics 
of the drug over a target area in normal tissue and in the 
vascular system. Generally stated, only 5FU (5-Fluorou 
racil) has been found useful for routine PET scanning. See 
Kissel et al., Noninvasive determination of the arterial input 
function of an anticancer drug from dynamic PET scans 
using the population approach, Med Phys April 1999; 
26(4):609-15. 
0009. In operation, the PET methodology may allow for 
the direct measurement of radiotracer concentrations and, 
thus, a quantification of the 5-F-18FU accumulation. Dimi 
trakopoulou et al., Studies with Positron Emission Tomog 
raphy After Systemic Administration of Fluorine-18-Uracil 
in Patients with Liver Metastases from Colorectal Carci 
noma, J Nucl Med, July 1993, 34:1075-1081. When utilized 
to assess liver metastasis from the colon, kinetic data 
showed different distribution patterns for the metastases, the 
normal liver parenchyma and the vessels. The normal liver 
parenchyma has the highest 5-F-18FU uptake about 30 
minutes after onset of the infusion of the tracer, followed by 
a decrease to 25% of the maximum at the end of the 
acquisition time. The uptake in the metastases was low and 
relatively constant during the 120-minute acquisition time. 
The mean uptake was one-third of the liver uptake at the 
Same time interval. Two caveats associated with the distri 
bution pattern reflect the difficulty in utilizing one (single) 
observation in determining effective therapeutic response. It 
was observed that the early 5-FU uptake is primarily deter 
mined by the intracellular uptake of non-metabolized 5-FU. 
Late 5-F-18FU uptake values, e.g., 120 minutes after onset 
of the 5-FU application, are used as a prognostic parameter 
for therapy response, Since the data obtained from that time 
interval are most likely to mirror the therapeutically active 
fraction of the drug. In addition, 5-F-18FU studies dem 
onstrated a great variability of drug uptake in liver 
metastases even in the Same patient, which may explain the 
low response rates and the variability in response to therapy. 
The 5-F-18FU concentration as measured with PET prior 
to onset of 5-FU chemotherapy is predictive of therapy 
outcome, Since only a high 5-FU trapping in the metastasis 
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is correlated with regression, while low 5-FU concentration 
are not capable of preventing tumor growth during chemo 
therapy. 

0010 PET can also be used to study mechanisms of drug 
resistance by employing a combination of O-15 labeled 
water and 5-F-18FU. The former has been used to study 
the transport System and identified a difference between a 
passive and active energy-dependent transport Systems. 
Enhanced 5-FU trapping was noted in 70% of these lesions. 
Since only tumor lesions with an energy-dependent transport 
system of 5-FU are likely to respond to 5-FU therapy, this 
information is believed to be of clinical value for the 
individualization of the therapeutic protocol. PET can be 
used to Select those patients with metastases possessing an 
active 5-FU transport System, which can aid the oncologist 
to direct therapy by modifying the treatment protocol. 

0011 Multidrug resistance (MDR) occurs when cells 
appear to overcome the cytotoxic effect of chemotherapy. 
Cytotoxic drugs are rapidly eliminated, especially in cells 
with a high concentration of P-glycoprotein (Pgp), a trans 
membrane drug flux. Tumors from the colon, kidney, liver 
and pancreas frequently express the Pgp at high levels. 
Studies by Piwnica-Worms et al. reported on the use of 
Tc-99m-Sestamibi, a Synthetic organotechnetium complex, 
that can act both as a Substrate for Pgp and can act as a 
marker for the expression of Pgp. See Piwnica-Worms et al., 
Functional Imaging of Multidrug-resistant P-Glycoprotein 
with an Organotechnetium Complex, Cancer Res 53,977 
984, 1993. A high Sestamibi accumulation in the tumor 
correlated with a low Pgp expression and a good prognosis 
for chemotherapy. Despite these advances and observations, 
there are limitations of PET methodology. Practically speak 
ing, this evaluation method would potentially be available to 
only a limited number of patients since it can be time 
consuming, expensive and impractical for application, not 
only to every patient, but on multiple occasions. Secondly, 
PET scans cannot discriminate metabolites. In order to 
improve the interpretation of the PET data, Nuclear Mag 
netic Resonance Spectroscopy (NMRS) has also been used 
in Some patients. 
0012 Following the observation in 1984 by Stevens et 
al., 5-Flourouracil metabolism monitored in vivo by 'F 
NMR, Br J Cancer 1984, 50:113-117, who showed that 
19F-NMRS could detect 5-FU in the liver of mice, the work 
was extended to observations in the tumors of rats and mice. 
See Wolfetal., Tumor trapping of 5-fluorouracil. In vivo 'F 
NMR spectroscopic pharmacokinetics in tumor-bearing 
humans and rabbits, Proc Natl AcadSci USA, January 1990, 
87:492-496. In 1990, Presant et al. reported their initial 
observations on the clinical experience with NMRS in 11 
patients. They described a "trapped’ pool of intra-tumoral 
5-FU, defined as a pool of 5-FU whose disappearance 
half-life (T2) is longer than its T in peripheral blood. 
They also presented information on the correlation between 
the T of 5-FU in tumors and anti-tumor response to 5-FU. 
Generally stated, they found that the six patients with Ta of 
greater than 20 minutes responded to chemotherapy and that 
the converse was also true. More recently, PreSant et. al., in 
Enhancement of Fluorouracil Uptake in Human Colorectal 
and Gastric Cancers by Interferon or by High-Dose Meth 
otrexate. An In Vivo Human Study Using Noninvasive 'F- 
Magnetic Resonance Spectroscopy, J. Clin Oncol 18:255 
261; 2000, reported that the in vivo modulation of the 
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tumoral pharmacokinetics of 5-FU could be measured non 
invasively by 19F-MRS and suggested that such information 
correlates with Subsequent clinical outcomes. Further, they 
Suggested that interferon (IFNa-2a) and high-dose methotr 
exate could increase the intratumoral 5-FU in Some patients. 

0013 31P/NMR spectra contain peaks from nucleoside 
triphosphates (NTP), phosphocreatine (PCr), and inorganic 
phosphates (Pi) and can therefore provide information about 
tumor energy status. The potential of 31P/NMR spectros 
copy for evaluating the effect of treatment (radiation and 
hyperthermia) on Sarcomas has been studied by Dewhirst et 
al. Dewhirst et al., Sofi-Tissue Sarcomas. MR Imaging and 
MR Spectroscopy for Prognosis and Therapy Monitoring, 
Radiology 174:847-853, 1990. They purportedly observed a 
relationship between treatment-induced decrease in ATP/Pi 
with the probability of development of necrosis and in a 
related Study showed an increase in oxygenation after treat 
ment correlated with the amount of tumor necrosis. Another 
example of an application of 31P/NMR spectroscopy is in 
the monitoring of biochemical inhibition of Specific meta 
bolic pathways. This inhibition is designed to enhance tumor 
response to radiation and chemotherapy. Agents Such as 
2-deoxyglucose, lonidamine, 6-aminonicotinamide (6AN) 
can inhibit biochemical pathways and enhance responses to 
chemotherapy and radiation. Koutcher et al. (in Koutcher et 
al., Potentiation of a Three Drug Chemotherapy Regimen by 
Radiation, Cancer Res 53:3518-3523, 1993) observed 
changes in Spectra of mammary carcinoma before and after 
treatment with a 3-drug combination. The observed changes 
were used to determine the timing between the drugs and 
radiation based on when tumor metabolism was maximally 
inhibited. While the drugs alone induced no complete 
responses and radiation only induced a single (/20) “com 
plete response' (CR), the combination of the drugs and 
radiation (administered when the NMR data demonstrated 
maximal metabolic inhibition) yielded a 65% CR rate and a 
25% durable (<1 year) CR rate, without further treatment. 
0.014 Several groups have proposed the use of intraop 
erative radiation probes for the purpose of identifying can 
cerous regions in the body. See e.g., Zanzonico et al., The 
intraoperative gamma probe. basic principles and choices 
available, Semin Nucl Med 30 (1), pp. 33-48 (January 
2000); Barber et al., Comparison of NaI(Tl), CdTe, and 
HgI2 Surgical probes: physical characterization, Med. 
Phys.; 18(3), pp. 373-381 (May-June 1991); and Hoffman et 
al., Intraoperative probes and imaging probes, Eur Jnl. 
Nucl. Med. 26(8), pp. 913–935 (August 1999). These tech 
niques can be characterized as belonging to one of two 
primary applications: radioimmunoguided Surgery (RIGS) 
and sentinel node detection. It is believed that the RIGS 
applications may be generally described as radiolabeling an 
antibody Specific to a target tumor and then probing in the 
operational field with a radiation detector to evaluate which 
tissue may be Suspect. It is believed that this technique can 
provide better localization than is available with SPECT 
(Single Photon Emission Computed Tomography). 

0.015 The sentinel node detection techniques can be 
described as using an injection of a radiolabeled Substance 
into a tumor and then recording or evaluating the “down 
stream” activity of the radiolabeled substance to determine 
the degree of lymph node involvement. A clinician can use 
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a pen-like gamma probe to trace or detect the Signal asso 
ciated with the radioactivity of the lymph nodes (such as 
during a Surgical procedure). 
0016. It is also known that there are changes in glycolysis 
in normal versus tumor cells. The facilitative glucose trans 
porters (GLUT 1-5 and 7) have been reported as proteins 
that regulate transport of glucose from the blood to cyto 
plasm. These proteins are passive transporters and, thus, 
provide glucose to the interior of a cell if a concentration 
gradient exists. AS previously Suggested, increased uptake of 
glucose by cancer cells may be due to an up-regulation of the 
GLUT genes responsible for the proteins. Because transport 
of glucose by these transmembrane proteins is passive, the 
concentration in the cytoplasm is kept below the level in the 
interstitial fluid. This means that glycolysis can accelerate to 
keep up with the proceSS and to attempt to maintain the 
desired internal cell level or transmembrane concentration 
gradient. Therapies that disrupt a key element of glycolysis 
may arrest the avid uptake of glucose by tumors by reducing 
the transmembrane concentration gradient. 18FFDG has 
been used recently to look at alterations in glucose uptake 
following radiation therapy. This observation may be impor 
tant in assessing the onset of apoptosis due to radiation 
exposure. Glucose transport has been Studied after induction 
of apoptosis by gene therapy designed for a rat tumor model. 
11Clglucose labeled in the 1 and 6 carbon positions was 
used to look at the “pentose cycle.” This cycle preferentially 
Selects carbon in the first position and incorporates it into 
CO. Thus, it has been proposed that the ratio of C1/C6 
could be predictive of the Staging of gliomas. However, this 
proposed evaluation method may be difficult in that there is 
a low (approximately 5%) amount of glucose entering the 
pentose cycle and because the evaluation method is per 
formed in successive runs (first for C1 and then for C6) with 
a clinically challenging PET isotope. 
0017 Despite the foregoing, there remains a need to 
provide cost-effective and/or alternative methods, Systems 
and devices that can individualize and customize therapy to 
improve response and outcome and/or otherwise monitor 
therapeutic response or delivery of radiolabeled agents in the 
body. There is also a need for methods, Systems and devices 
that can provide increased information on normal and/or 
tumor glycosis and/or the impact of therapies on Same. 

SUMMARY OF THE INVENTION 

0018. The present invention provides methods, systems, 
devices and computer program products for in Vivo dynamic 
monitoring of detected radiation which is emitted from 
localized tissue in a target region of the body over a Selected 
response or watch period. Generally described, the moni 
toring can be carried out as a general metabolic assessment, 
to evaluate or monitor therapy types (including antibody and 
pharmaceutical therapies) and/or to obtain data and evaluate 
metabolic, biokinetic parameters, or predictor variables 
asSociated with the in Vivo detected radiation. The data can 
be used, inter alia, to: (a) predict or assess the likelihood that 
a planned treatment will be effective (before or after a first 
or Subsequent therapeutic dose is actually administered to 
the subject); (b) identify which drug or drugs will provide a 
Suitable clinical response for that Subject; (c) monitor intra 
tumoral kinetics; (d) Study pharmacokinetics and/or phar 
macodynamics; (e) study the impact of modifying agents, 
treatments, or procedures on drug or antibody uptake and/or 
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retention or tumor kill or morbidity, (f) measure uptake, 
trapping, or retention of radiolabeled analytes (for any 
desired treatment, whether drug, antibody, and/or radioim 
munology), (g) Study an individual's bio-response to a 
therapy, (h) exclude certain therapy choices; and (i) to 
evaluate metabolic activity or behavior. 
0.019 Operations of certain embodiments can be carried 
out to assess glycolysis and/or to examine Specific therapies 
with respect to altered glycolysis or dynamic changes in 
glycolysis. Such analysis may be carried out by employing 
"Clglucose and/or glucose derivatives as well as the result 
ing constituents resulting from the glycolysis or metabolic 
biochemical process in the body. 
0020. Alternatively, the monitoring may be used to quan 
titatively measure the radiation dose received at localized 
tissue in the target region (Such as used for radioimmuno 
therapy). While in other embodiments, the present invention 
can use the detected radiation to analyze the pharmacoki 
neticS/pharmacodynamics or in Vivo performance of certain 
pharmaceutical grade drugs or drug products or derivatives 
thereof, as well as analytes, antibodies, metabolites or other 
therapeutic treatments in the body. 
0021 Advantageously, in certain embodiments, the 
present invention can provide cost-effective minimally inva 
Sive methods, Systems, and devices that can evaluate, in 
Substantially real-time, one or more Selected biokinetic 
parameters or predictor variables of a Subject. Certain 
embodiments of the devices and Systems can be configured 
to identify the differences in response between normal and 
malignant tissue and/or the differences in the physiology and 
biology of individual tumors (or the same at different times) 
and to utilize the identified information regarding Same to 
develop individualized treatment decisions, and/or to predict 
therapeutic outcome or to improve tumor response. 

0022. Other embodiments may allow improved individu 
alized treatment protocols based on an in Vivo detected 
uptake or trapping or other desired response (over a selected 
time) of a non-therapeutic dose of a drug typically evaluated 
before and proximate in time to the delivery of the thera 
peutic dose) to predict the response of the Subject to a 
therapeutic dose of a drug in advance of administration 
thereof. Such pre-delivery assessment capability may be 
able to allow an improved Selection of chemical or treatment 
drug, reducing unnecessary ineffective administration of 
cytotoxic agents which are unlikely to be clinically effective. 
Thus, the present invention can identify, by measuring 
detected radiation associated with the uptake and retention 
of a radiolabeled or radioactive Substance, the Sensitivity or 
receptiveness of a tumor for a particular treatment, proxi 
mate in time to the planned delivery or administration of 
SC. 

0023. Other embodiments gather data during a treatment 
cycle and evaluate it to determine the likely clinical efficacy 
based on the detected kinetic activity data. 
0024 Certain embodiments of the present invention are 
directed to methods for determining the in Vivo clinical 
efficacy of a treatment in a Subject. The method can include 
the Steps of: (a) positioning a sensor in tissue in a region of 
interest in the body; (b) administering a radiolabeled analyte 
to a Subject; (c) detecting in Vivo from the implanted Sensor 
a Signal corresponding to the radiation emitted from the 
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radiolabeled analyte in the region of interest in the Subject; 
(d) relaying the Signal to a location external of the Subjects 
body; and (e) monitoring the (relayed) signal over time to 
determine the response of the Subject to the administered 
analyte to predict or assess at least one of the in Vivo clinical 
efficacy of a Selected treatment and/or the metabolic activity 
in the region of interest. 
0025. In certain embodiments, the radiolabeled analyte 
may be a C-14 (beta emitter) labeled version of a non 
labeled corresponding drug or antibody that is undergoing 
pharmacokinetic/pharmacodynamic evaluation in clinical or 
pre-clinical drug trials (or other drug development testing). 
In other embodiments, the radiolabeled analtye may be an 
analog of a chemotherapeutic agent for cytotoxic cancer 
treatment Such as, but not limited to, a C-14 labeled che 
motherapeutic or cytotoxic agent. 

0026 Certain embodiments of the present invention are 
directed to methods for determining the clinical efficacy or 
the metabolic behavior of the subject when exposed to a 
Selected pharmaceutical or chemical product in a Subject. 
The method comprises the steps of: (a) administering a first 
quantity of a C-14 radiolabeled version of a pharmaceutical 
product (Such as a drug or antibody) to a Subject; (b) 
detecting a Signal from an in Situ Sensor, the Signal corre 
sponding to the radiation emitted by the radiolabeled phar 
maceutical product in a region of interest in the Subject; (c) 
relaying the Signal to a location external of the Subject's 
body; (d) repeating said detecting and relaying steps over at 
least about 0.25-12 hours; and (e) monitoring the signals 
over time. 

0027. In certain embodiments, the monitoring step can be 
used to determine the metabolic and/or biokinetic response 
of the Subject to thereby predict or assess the in Vivo clinical 
efficacy or local tissue Sensitivity to a therapeutic dose of a 
pharmaceutical product prior to administration thereof. 
0028. The administrating step can be carried out in vivo 
and performed Such that the radiolabeled pharmaceutical 
product is either delivered locally to the region of interest 
(Such as via injection thereat) or Such that the radiolabeled 
pharmaceutical product is delivered Systemically (Such as 
through a Syringe or an intravenous catheter). The C-14 
pharmaceutical can be provided as a first quantity amount 
which is less than a therapeutic quantity of a corresponding 
non-radiolabeled pharmaceutical product. 
0029. Other embodiments of the present invention are 
directed to a detection System for detecting radiation emitted 
from an internally administered radioanalyte. The System 
includes at least one radiation Sensor configured for in vivo 
operation. The Sensor is configured to detect beta radiation 
emitted from the radiolabeled analyte or its biochemical 
constituents, in or proximate targeted localized tissue in the 
body. The Sensor is configured to detect emitted beta radia 
tion, at least intermittently, over a period of time extending 
from about 0.25-24 hours (the evaluation period can be 
proximate in time to and at least before each of a plurality 
of planned therapeutic treatments which are administered 
temporally separate from each other). The System also 
includes a processor operably associated with (each of) the 
radiation Sensor(s). The processor is configured to receive 
Signal data associated with the detected radiation from the 
Sensor. The processor includes computer program code for 
monitoring Selected in Vivo parameters associated with 
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time-dependent measurement profile and/or the uptake and/ 
or retention of the radioactive Substance in the targeted 
localized tissue. 

0030 Yet other embodiments of the present invention are 
directed to computer program products for evaluating an 
individual's response to a planned cancer treatment regimen, 
the computer program product comprising a computer read 
able Storage medium having computer readable program 
code embodied in the medium. The computer-readable pro 
gram code comprising: (a) computer readable program code 
for receiving a first measurement of radiation detected in 
Vivo in tissue located about a local targeted Site in the body 
of a Subject, the detected radiation corresponding to radia 
tion emitted from a radioactive or radiolabeled Substance 
administered internally to the Subject; (b) computer readable 
program code for receiving a Second measurement of the 
radiation detected in the tissue located about the targeted Site 
after the first measurement the detected radiation corre 
sponding to radiation emitted from the radioactive Substance 
or radiolabeled analyte administered internally to the Sub 
ject; and (c) computer readable program code for generating 
a time-dependent measurement profile for evaluating 
Selected parameters associated with at least one of the 
uptake and retention of the radioactive or radiolabeled 
analyte in the localized tissue of the Subject based on the first 
and Second measurements. 

0031. In other embodiments, the computer program code 
can be configured to obtain third and fourth measurements 
(or more measurements). 
0032. Other embodiments are directed to computer pro 
gram products and methods for quantifying the amount of 
radiation delivered to tissue in a targeted local site in the 
body of a Subject in response to a radioimmunology treat 
ment. The program product can include computer readable 
program code for (a) receiving data associated with radiation 
detected in Vivo in tissue located about a local targeted Site 
in the body of a Subject, (b) computer readable program code 
for generating a time-dependent measurement profile of the 
detected radiation at the local site; and (c) computer readable 
program code for evaluating the amount of radiation deliv 
ered to the localized tissue based on the time-dependent 
measurementS. 

0033. The detected radiation can be based on internally 
administered radiation that is directed as a therapeutic 
pharmaceutical treatment to a target region of interest in the 
Subject. The computer program product can include com 
puter program code for initiating the first and Second mea 
Surements a plurality of times over an active treatment 
period extending at least from about 5-10 minutes to 24 
hours or more, over one or a plurality treatments (Such as a 
plurality of radioimmunology treatment Sessions for the 
treatment of cancerous tumors or tissue). 
0034. The detected radiation can be used to confirm 
delivery of the product to the targeted Site and/or to quantify 
dose or uptake/retention or response of the tumor to the 
product thereat. Such information may be used for moni 
toring a selected therapeutic treatment(s). The System or 
program can be configured to detect radiation related to the 
internal activity of C-14 labeled glucose. This data or 
information may also be used for therapeutic assessment 
and/or monitoring. 
0035) Other systems or computer programs can be con 
figured for evaluating an individual's metabolic activity 
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using an in Vivo administered beta radiolabeled analtye or 
metabolite. The program includes: (a) computer readable 
program code for receiving data for a first measurement of 
radiation detected in Vivo in tissue located about a local 
targeted Site in the body of a Subject, the detected radiation 
corresponding to radiation associated with a radiolabeled 
analyte administered internally to a Subject; (b) computer 
readable program code for receiving data for a Second 
measurement of the radiation detected in the tissue located 
about the targeted Site after the first measurement, the 
detected radiation corresponding to radiation associated 
with the radiolabeled analyte administered internally to the 
Subject; and (c) computer readable program code for moni 
toring the received data over time to evaluate the metabolic 
activity of the local targeted Site. 
0036). Other embodiments are directed to a method of 
quantifying the amount of radiation delivered to or the 
metabolic activity of tissue in a targeted local Site in the body 
of a Subject. The method comprises the Steps of repeatedly 
detecting radiation in Vivo in tissue located about a local 
targeted Site in the body of a Subject over a response 
window; and evaluating the uptake and retention of radiation 
in the local Site over the response window to determine the 
amount of radiation delivered to the localized tissue based 
on the detecting Step. 
0037 Additional embodiments are directed to systems 
for analyzing in Vivo metabolic activity of a Subject. The 
System includes detection means for detecting metabolic 
kinetic activity in vivo based on the levels of radiation 
present in a localized in Vivo region of interest responsive to 
an internally administered radioanalyte in the Subject over a 
desired time interval of interest; and analyzing means for 
analyzing data associated with the detected radiation to 
determine the in vivo metabolic kinetic activity of the 
Subject. 
0038. The system may further include a biocompatible 
radiolabeled analyte configured for human or animal admin 
istration and the detection means can be adapted to detect the 
concentration activity of the radiolabeled analyte in the 
region of interest. 
0039 The present invention can acquire data associated 
with the detected radiation and generate at least one time 
dependent measurement profile of the radioactivity in a 
localized region of the Subject. The time-dependent profile 
can be analyzed to identify or quantify one or more predictor 
variables which captures desired information corresponding 
to one or more of the efficacy, performance, activity, or 
status of the radiolabeled substance in the body and/or 
targeted or localized tissue. The predictor variables or 
parameters can include (but are not limited to) the biological 
% life of the radiolabeled analyte in the localized tissue, the 
amount of time the detected radiation is above a predeter 
mined threshold level, the amount of time that the radiation 
detected is increasing, the peak value of the detected radia 
tion, the time at which the peak radiation level occurs, and 
the decay rate of the detected radiation. 
0040. The foregoing and other objects and aspects of the 
present invention are explained in detail in the Specification 
set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1 is a block diagram of a method of operation 
according to embodiments of the present invention. 
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0.042 FIG. 2A is a block diagram of another method of 
operation according to embodiments of the present inven 
tion. 

0.043 FIG. 2B is a block diagram of an additional 
method of operation according to embodiments of the 
present invention. 
0044 FIG. 2C is an example of a glucose chemical 
Structure that may be radiolabeled according to embodi 
ments of the present invention. 
004.5 FIG. 2D is a block diagram of another method of 
operation according to embodiments of the present inven 
tion. 

0.046 FIG. 3 is a block diagram of an additional method 
of physiologic or biologic evaluation according to embodi 
ments of the present invention. 
0047 FIG. 4A is a schematic illustration of a system 
employing a wireleSS Sensor according to embodiments of 
the present invention. 
0.048 FIG. 4B is a schematic illustration of a system 
similar to that shown in FIG. 4A but with an alternate 
Sensor/System configuration (wired) according to embodi 
ments of the present invention. 
0049 FIG. 5A is a schematic illustration of a radiation 
Sensor located in Vivo and asSociated monitoring System 
according to embodiments of the present invention. 
0050 FIG. 5B is a schematic illustration of a detection 
System according to the present invention that can be 
configured as a transcutaneous, intralumen or intracavity 
catheter or probe-based Sensor. 
0051 FIGS. 6A-6E are graphs of simulated or predicted 
radiation activity measurements over time or time-depen 
dent measurement profiles which can be monitored accord 
ing to embodiments of the present invention. FIGS. 6A and 
6C illustrate time dependent measurement profiles with 
examples of Some predictor variables or kinetic parameters. 
FIG. 6B illustrates that the dose can be based on a math 
ematical integral of the area under the curve of the mea 
surement profile. FIG. 6E illustrates that a first derivative of 
count per Second can be mathematically derived for dose 
evaluation. FIG. 6D illustrates that a plurality of time 
dependent profiles can be obtained on the localized tissue at 
different time or evaluation periods to obtain substantially 
real time or dynamic information So as to assess the Status 
or receptiveness/sensitivity or performance of the drug at the 
localized tissue. 

0.052 FIG. 6F is a flow diagram of a method for using 
calculated kinetic factors or one or more predictive variables 
to determine whether a biokinetic response is favorable in 
making therapeutic treatment decisions according to 
embodiments of the present invention. 
0.053 FIG. 7 is a cross-sectional view of an implantable 
radiation Sensor according to embodiments of the present 
invention. 

0.054 FIG. 8A is a partial cross-sectional view of an 
alternate embodiment of a radiation Sensor according to the 
present invention. 
0055 FIG. 8B is a partial cross-sectional view of an 
additional embodiment of a radiation Sensor according to the 
present invention. 
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0056 FIG. 9A is a schematic illustration of a sensor with 
a plurality of radiation Sensing probes according to embodi 
ments of the present invention. 
0057 FIG.9B is a schematic illustration of a sensor with 
a plurality of fiber optic leads used to relay light according 
to embodiments of the present invention. 
0.058 FIG. 10A is a schematic of a fiber optic system 
used to evaluate beta Spectroscopy signals according to 
embodiments of the present invention. 
0059 FIG. 10B is a schematic of an implantable wireless 
System used to obtain data associated with internally admin 
istered beta radiation. 

0060 FIG. 10C is a greatly enlarged front view of an 
implantable wireleSS Sensor configured to detect internally 
administered beta radiation according to embodiments of the 
present invention. 
0061 FIG. 11A is a graph of an exemplary in vivo 
response profile of the concentration or uptake over time of 
a radiolabeled analyte according to embodiments of the 
present invention. 
0062 FIG. 11B is a graph of another exemplary in vivo 
response profile of the concentration or uptake over time of 
a radiolabeled analyte according to embodiments of the 
present invention. 
0063 FIG. 11C is a graph of a statistical model of 
predicted values compared to observed results of the flank/ 
inguinal probe region of FIG. 11B according to embodi 
ments of the present invention. 
0064 FIG. 11D is a graph of additional exemplary in 
Vivo response profiles of the counts over time of a radiola 
beled analyte according to embodiments of the present 
invention. 

0065 FIG. 12A is a graph of another exemplary in vivo 
response profile of the concentration or uptake over time of 
a radiolabeled analyte according to embodiments of the 
present invention. 
0066 FIG. 12B is a graph of an additional exemplary in 
Vivo response profile of the concentration or uptake over 
time of a radiolabeled analyte according to embodiments of 
the present invention. 

DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

0067. The present invention will now be described more 
fully hereinafter with reference to the accompanying figures, 
in which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein. Like numbers refer to like elements 
throughout. LayerS may be exaggerated for clarity. In the 
figures, broken lines, unless Stated otherwise, represent 
optional Steps or features. 
0068. As will be appreciated by one of skill in the art, the 
present invention may be embodied as a method, data 
processing System, or computer program product. Accord 
ingly, the present invention may take the form of an entirely 
hardware embodiment, an entirely Software embodiment or 
an embodiment combining Software and hardware aspects. 
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Furthermore, the present invention may take the form of a 
computer program product on a computer-uSable Storage 
medium having computer-usable program code means 
embodied in the medium. Any Suitable computer readable 
medium may be utilized including hard disks, CD-ROMs, 
optical Storage devices, a transmission media Such as those 
Supporting the Internet or an intranet, or magnetic Storage 
devices. 

0069 Computer program code for carrying out opera 
tions of the present invention may be written in an object 
oriented programming language Such as JavaE), Smalltalk or 
C++. However, the computer program code for carrying out 
operations of the present invention may also be written in 
conventional procedural programming languages, Such as 
the “C” programming language. The program code may 
execute entirely on the user's computer, partly on the user's 
computer, as a Stand-alone Software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer. In the latter Scenario, the remote 
computer may be connected to the user's computer through 
a local area network (LAN) or a wide area network (WAN), 
or the connection may be made to an external computer (for 
example, through the Internet using an Internet Service 
Provider). 
0070 The present invention is described below with 
reference to flowchart illustrations and/or block diagrams of 
methods, apparatus (Systems) and computer program prod 
ucts according to embodiments of the invention. It will be 
understood that each block of the flowchart illustrations 
and/or block diagrams, and combinations of blocks in the 
flowchart illustrations and/or block diagrams, can be imple 
mented by computer program instructions. These computer 
program instructions may be provided to a processor of a 
general purpose computer, Special purpose computer, or 
other programmable data processing apparatus to produce a 
machine, Such that the instructions, which execute via the 
processor of the computer or other programmable data 
processing apparatus, create means for implementing the 
functions Specified in the flowchart and/or block diagram 
block or blocks. 

0071. These computer program instructions may also be 
Stored in a computer-readable memory that can direct a 
computer or other programmable data processing apparatus 
to function in a particular manner, Such that the instructions 
Stored in the computer-readable memory produce an article 
of manufacture including instruction means which imple 
ment the function specified in the flowchart and/or block 
diagram block or blockS. 
0.072 The computer program instructions may also be 
loaded onto a computer, processor (Such as a digital signal 
processor), or other programmable data processing appara 
tus to cause a Series of operational Steps to be performed on 
the computer or other programmable apparatus to produce a 
computer implemented process Such that the instructions 
which execute on the computer or other programmable 
apparatus provide Steps for implementing the functions 
Specified in the flowchart and/or block diagram block or 
blocks. 

0.073 Generally described, in certain embodiments, the 
proposed device and Systems can be used to obtain data 
and/or measure or monitor the emission of radiation from 
radiolabeled analytes. The term “radiolabeled analytes' 
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includes, but is not limited to, radiolabeled antibodies, 
radiolabeled antigens, radiolabeled nucleic or amino acids, 
other radiolabeled endogenous Substances or molecules Such 
as glucose or other naturally occurring Substances and/or 
their derivatives, metabolites, or constituents, and radiola 
beled exogenous Substances and/or molecules Such as phar 
maceutical drugs or derivatives thereof, and the like, as well 
as combinations of the above. The emitted radiation from the 
radiolabeled analyte(s) can be detected in Vivo from tissue in 
target or localized region(s) in the body. This detected and 
monitored radiation can provide information on one or more 
of the metabolic activity in the localized region, tissue, or 
cells, the pharmacokineticS/pharmacodynamics of a corre 
sponding non-radiolabeled analyte or Substance, the likeli 
hood of the uptake and the retention of certain chemothera 
peutic drugs in the localized region or tissue, and/or a 
Substantially real-time or kinetic analysis of the biological 
Status or metabolism and/or proliferation of malignant and/ 
or normal cells in the localized tissue or region at desired 
points in time. The radiolabeled version of the non-radiola 
beled analyte can be formulated to have the same or Sub 
Stantially similar pharmacological or biochemical activity as 
the parent analyte. 

0074. Such systems and methods can be used to obtain 
and/or analyze data or physical quantities from the living 
body to provide intermediate data that may be provided to a 
clinician or researcher for further consideration. The detec 
tion can be carried out at multiple Sites about a region of 
interest or at a plurality of different spaced apart Sites in the 
body. The Systems, methods, and operations of the present 
invention may be carried out to monitor for longer times 
over conventional Systems, the biological or physiological 
impact of a selected therapy (or combinations of therapies) 
on a target disease, disorder, or condition of the body 
(pharmacodynamics) in addition to the in Vivo levels, activ 
ity, retention, uptake, delivery, etc., of one (or more) thera 
peutic agents (pharmacokinetics). 

0075 Certain embodiments of the systems and methods 
of the present invention may be used with any analyte which 
can be radiolabeled or made radioactive, including, but not 
limited to, as noted above, endogenous material that can be 
radiolabeled and re-introduced to the Subject, or exogenous 
material. AS also noted above, Suitable analytes can include 
radiolabeled versions of nuclides, pharmaceuticals and 
derivatives thereof, antibodies, antigens, proteins, peptides, 
amino acids, nucleic acids, glucose and metabolites and 
derivatives thereof. The radiolabeled analyte may be a 
genetically engineered Substance, which has a Site-specific 
or tumor or tissue specific delivery target, a differentiation 
antigen, or an analyte which can be activated upon delivery 
to a particular region or tissue or which can otherwise be 
locally “activated” or targeted. The radiolabeled analyte or 
Substance may be Selected based on its presence or expres 
Sion, i.e., a radiolabeled marker associated with a disease or 
cancer in the region or at the targeted Site, Such as an over 
or under expression of an antigen, antibody, peptide, protein, 
enzyme, amino acid or other endogenous analyte, or other 
genome or phenotype(s) criteria or behavior. Thus, it is 
contemplated that radioactive monitoring for dynamic 
amounts of the marker or antigen expression can provide 
valuable internal real time or dynamic information about 
cellular activity. 
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0.076 The term “glucose derivative' includes glucose 
molecules with a modified glucose chemical Structure that is 
biocompatible and can be biochemically processed by the 
body. Examples of glucose derivatives include, but are not 
limited to, dextraglucose (D-glucose), and 2-deoxyglucose 
(2-DG). 
0.077 Examples of marker or expression-based evalua 
tion of antigens/antibodies (which may be radiolabeled) 
include those used in cancer evaluation and/or treatment. 
Examples of tumor-associated antigens of interest may 
include the CD-20 antigen (on B lymphocytes) for which 
treatment may include agents having antibodies to the 
CD-20 antigen and human epidermal growth factor (HER2) 
associated with Some breast tumors. It is noted that HER 
CEPTIN may be radiolabeled and is currently approved for 
HER2 breast cancer treatment. 

0078. It is contemplated that other biomaterials may also 
be Suitable to carry out operations of the present invention. 
Examples of potentially Suitable biomaterials may include, 
but are not limited to, mixed cultures containing tumor cells 
and blood-derived lymphocytes (which may be from the 
patient him or herself) to produce cytolytic T lymphocytes 
(CTL) (or CTL clones or autologous CTL), that lyse the 
autologous tumor cells (which may be used in connection 
with melanoma, renal, bladder, head and neck carcinomas, 
non-Small lung cancer, and the like). Other potential anti 
gens/antibodies of interest include MAGE-1, MAGE-3, 
BAGE, GAGE-1, and GAGE-3. See, e.g., UCL Christian de 
Duve Institute of Cellular Pathology, Ludwig Institute For 
Cancer Research, URL www.Icp.ucl.ac.be/report 95/ 
licr95.html. 

0079. In any event, the radiolabeled analyte may be 
combined with other Substances and formulated for the 
desired delivery (injection, intraveneous, Subcutaneous, etc. 
. . . ) to produce the desired composition and/or bolus. In 
certain embodiments, the analyte can be formulated into a 
liquid solution. The solution can be formulated to dilute the 
concentration of the radiolabeled constituent or ingredient or 
to provide other desired biocompatible materials. Examples 
of Suitable radiolabeled or radioactive Substances will be 
discussed further below. The radioactive or radiation label 
can be gamma, alpha, or beta radiation, depending on the 
application. 

0080. The term “subject,” according to the present inven 
tion, includes Subjects belonging to the animal kingdom, and 
are preferably mammalian Subjects (e.g., humans, canines, 
felines, bovines, caprines, Ovines, equines, rodents, por 
cines, and/or lagomorphs), and more preferably are human 
Subjects. 

0081. In certain embodiments, the analyte is a therapeutic 
pharmaceutical drug or antibody that is configured to treat a 
Selected physiologic or biologic condition, impairment, or 
disease. The radiolabel can be selected or formulated to be 
Substantially transparent So that the non-radiolabeled Ver 
Sion and the radiolabeled version of the same analyte has 
substantially the same biochemical activity in the body 
and/or the radiolabeled version does not interfere with the 
intended therapeutic, physiologic, or biologic reaction in the 
body. As such, the radiolabeled version of the analyte (or 
drug or antibody) can be Such that the radiolabeled version 
biologically functions or is biochemically processed in Sub 
Stantially the same manner as a corresponding non-radiola 
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beled version. In certain embodiments, the radiolabel does 
not inhibit or interfere with the natural breakdown or reac 
tion of the analyte and/or its constituents in the body. 
0082 The radiolabel can be a beta radiation label, 
wherein the beta radiation label is Substantially transparent 
to the intended therapeutic physiologic or biologic reaction 
of the drug in the body. Examples of beta-emitting radio 
active labels include one or more of C-14, P-32, P-33, I-131, 
Kr-85, Xe-133, TI-201, Ga-77, F-18, Cs-137, Ca-45, Ca-47, 
Co-60, Fe-59, Hg-203, Ni-63, Rb-86, Ru-106, Ag-110m, 
Na-22, S-35, Sr-90, Tc-99, H-3, Zn-65, Cu-64, O-15, N-13, 
and other positron emitters and beta particles used thera 
peutically. 

0083. In certain embodiments, the radioactive label is 
C-14. Carbon is widely used in drug evaluations and C-14 
has a Suitably long decay half-life and an acceptably short 
biological half-life for most drugs of interest. The C-14 label 
can thus be used with a wide variety of pharmaceutical 
products and is not limited to one particular drug or a Small 
number of drugs, thereby allowing for a relatively wide, 
evaluation model or protocol for available therapeutic 
agents. 

0084. In certain particular embodiments, the radioactive 
label may be selected for its ability to (a) be used across a 
wide variety of therapeutic drugs, (b) generate Sufficient 
Signal in the localized tissue in the body to allow for 
dynamic and/or quantitative monitoring over a desired 
response window (of between at least about 5 minutes-30 
minutes, and typically at least 30 minutes-1 hour), and (c) 
have a biocompatible biological half-life with a suitable 
shelf-life. This is in contrast to conventional evaluation 
methods, which, as discussed above, employ various radio 
active substances. For example, PET-based methods use 
radionuclides that emit positrons. F-18 is one common 
radionuclide used in these types of procedures; however, 
fluorine containing drugs or therapeutic products are not 
common. Other radioactive labels may also only be useful in 
a limited number of drugs while others may have an unduly 
Short half-life that, in turn, can limit the amount of data or 
the width of the evaluation window over which data can be 
taken. Still other radioactive labels may not generate Suffi 
cient concentration or Signal levels to allow quantitative 
evaluation in the body (to generate unfavorably weak sig 
nals). 
0085 Turning to FIG. 1, in the embodiment shown, a 
Subject can be undergoing treatment for a cancerous tumor. 
A quantity of a radiolabeled or radioactive Substance (alone 
or combined with other ingredients or Substances) is admin 
istered to the subject (Block 100). As shown, the quantity 
and/or radioactive intensity or concentration of the Sub 
stance or analyte may be Such that it acts as a pre-diagnostic 
test dose, rather than a therapeutic dose, which is delivered 
in advance of the therapeutic dose to assess or predict the 
clinical efficacy of a treatment prior to delivery of the 
treatment itself. The radiolabeled analyte or Substance can 
be delivered either systemically, locally, or both (Block 
105). 
0086. In certain embodiments, a small test or diagnostic 
dose of a radiolabeled Substance or analyte Such as a C-14 
labeled analog of a chemotherapy drug or pharmaceutical 
can be administered to the Subject proximate in time (and/or 
before) a treatment session (for which a non-radiolabeled 
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version of the pharmaceutical can be used to therapeutically 
treat the cancer). AS used herein, a “Small dose means a 
dose which is less than a therapeutic dose. The detected 
radiation can provide kinetic or predictive information about 
the likelihood of the Success of the treatment and allow a 
potential clinician to proceed with the planned treatment, 
delay the treatment, exclude one or more of a treatment, or 
Select a different pharmaceutical agent for treatment. In 
certain embodiments, the radiolabeled dose can be sized in 
an amount which is about a 0.1%-60%, and can be about 
1-10% of that of a corresponding therapeutic dose. 
0087. In certain embodiments, the radiolabeled substance 
or analyte can have a concentration of about 100-500 
nanocuries/cc to about 1-10 millicuries/cc (mCi/cc) (the 
latter typically being more Suitable for direct injection at the 
target site). In particular embodiments, the concentration 
may be from between about 10 uCi (10 Curies) to about 1 
mCi. The dose may be sized according to weight (children 
may receive doses in the lower portion of the range with 
large adults receiving doses at or above the typical range). 
0088. In certain embodiments, the concentration can be 
Selected Such that it corresponds to whole body doses of 
about 1-10 milliCray corresponding to concentrations con 
ventionally used for nuclear medicine Scans. In other 
embodiments, the radiolabeled analyte or Substance can be 
Systemically delivered at higher radiation concentrations 
where it is targeted for the target site (selective target or site 
specific activation formulations Such as antibodies). In these 
embodiments, the tagging System may be designed to 
deliver a total dose on the magnitude of about 10-99 Grays. 
0089. Systemic deliveries may be made by any suitable 
mode such as via IV introduction into the vein of the subject. 
Local deliveries may be made by injections from a lumen of 
a Syringe or via introduction through a transcutaneous 
catheter configured to direct the radiolabeled Substance 
Substantially directly to or proximate to a target region. 

0090 Turning again to FIG. 1, the radiation emitted from 
local tissue (Such as a cancerous tumor) is detected in vivo. 
The detected radiation can be analyzed over a Selected 
response period, cycle, or time (S) (Block 110). For example, 
a radiation Sensor can be operably configured Such that it is 
at least intermittently or periodically activated and may be 
continuously operated or monitored to relay information to 
a clinician over a time which is proximate to the adminis 
tration of the radiolabeled analyte to about 24 hours later. In 
certain embodiments, the radiation is detected every 30 
Seconds to every 15 minutes during a portion of the detection 
cycle when the detected radiation values change from the 
prior reading. This shortened interval may be in the early 
portion of the monitored response cycle (Such as in the first 
10-60 minutes after initiation of the administration of the 
radiolabeled analyte). The activation or detection interval 
can be automatically extended when there is little fluctuation 
between incremental readings (based on an average between 
more than two readings or the values between two consecu 
tive readings). The adjustment between detection intervals 
may be beneficial for Some embodiments, which may 
employ wireless implantable Sensors to preserve power (and 
extend operative life). Examples of parameters which can be 
monitored or analyzed will be discussed below. 
0.091 In certain embodiments, which may be particularly 
Suitable for continuous mode monitoring (but may also be 
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used otherwise), the radiation levels can be detected and 
Summed until the completion of the test or at the end of the 
evaluation/response window. The first derivative can be 
mathematically calculated or determined (to provide data on 
the rate of change of concentration) (FIG. 6E) or the 
lineshape, profile, or curve of parameters associated with the 
time-dependent measurements can be analyzed to yield the 
radiation level in the target issue over time. 

0092 Referring again to FIG. 1, a therapeutic treatment 
type or administration time can be Selected based on the 
analyzed data associated with the detected radiation (Block 
120). For example, based on the detected radiation over the 
response cycle, a clinician can have access to individualized 
information concerning the Status of the bioactivity of the 
local tissue, the likelihood of the receptiveness to a desired 
therapeutic treatment, and/or the likelihood of a Suitable 
uptake and retention of the desired therapeutic agent based 
on the uptake and retention of the administered radiolabeled 
analyte. AS Such, a clinician can Select which particular 
chemotherapeutic agent (or agents) to administer to the 
Subject at that point in time. Similar evaluations can be 
carried out periodically over the treatment cycle (typically 2 
or more different chemotherapy administrations may be 
performed over a period of weeks and months). In certain 
embodiments, the radiolabeled analyte can be administered 
just proximate to (typically prior to) a planned chemothera 
peutic treatment Session. In certain embodiments, the thera 
peutic administration can be performed in less than 24-48 
hours (and before any additional intentional or unintentional 
perturbation) from the monitored response cycle to reduce 
the likelihood that the bioactive nature or status of the tissue 
and, thus, the predicted response, will shift Substantially. 

0093. In certain embodiments, the clinician may deter 
mine that conditions are unfavorable for a therapeutic treat 
ment and delay or exclude the therapeutic treatment until 
local conditions improve (thereby reducing the introduction 
of cytotoxic drugs when the treatment outcome is likely to 
be unfavorable). AS Such, the data obtained may be used to 
evaluate whether to exclude certain potential therapies 
(including changing or prescribing alternative drug thera 
pies) as it may not be indicated to be a viable treatment for 
that individual, or to postpone the treatment for a more 
favorable time. 

0094. As the detected radiation values can be monitored 
over time to determine or assess the present status (i.e., 
Substantially real-time) of the localized tissue or evaluate the 
biokinetic or metabolic or activity response and/or the 
physiological or biological Status of the local tissue, the 
method can be repeated at desired intervals, Such as proxi 
mate in time to each therapeutic treatment over the active 
treatment period (Block 130). The data can be obtained 
Several times during a desired monitoring period (Such as 
twice, thrice, four or even more times). In certain embodi 
ments, the kinetic data or radiation values of interest can be 
obtained before and after a particular treatment or active 
treatment Session. Further, a radiolabeled analyte may be 
administered before and after a therapeutic treatment to 
facilitate the detection in Vivo of localized response data. 
This repeat administration of a radiolabeled analyte may 
increase the detectability of the signal (increase the signal 
Strength) in the body, depending on the length of the 
therapeutic treatment, and/or may provide data regarding the 
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State of the tissue after administration of a therapeutic agent 
and/or at a desired point in time. 
0.095 When selecting the therapeutic treatment, the cli 
nician can consider a plurality of different pharmaceutical 
treatments and/or cytotoxic agents based on the evaluated 
condition or response of the tumor of the subject (Block 
125). In addition, combination therapies can be considered 
to attempt to generate increased receptiveness. For example, 
heat or an externally generated and directed radiation dose 
or other combination therapy modality may be desirable to 
improve the tissue receptiveness. In any event, each of the 
chemotherapeutic treatment agents or combinations can be 
evaluated to Select those types that align with or match the 
predetermined associated desired biological and/or physi 
ological conditions (Such as cell proliferation or Sensitivity 
asSociated with uptake and/or retention of the radiolabeled 
analyte in the tissue) with that of the subject to yield 
increased clinical effectiveness. 

0096. Thus, in certain embodiments, the methods and 
Systems may be used to determine the timing and type of 
treatment to administer to a Subject So as to promote clinical 
efficacy based on a dynamic or Substantially real-time under 
Standing of the physiological or biological Status of the 
targeted tissue. Other embodiments can evaluate the meta 
bolic activity of the Subject and/or to study pharmacokinet 
icS/pharmacodynamics. For example, the data can be 
obtained and evaluated in a manner that provides informa 
tion on the influence and/or impact on metabolic activity that 
certain therapies, activities, foods, Vitamins, food Supple 
ments, or environmental exposures, may have on the target 
region of interest. 
0097. The system can be configured as a minimally 
invasive device that can, in certain embodiments, employ an 
implantable wireleSS or telemetric based radiation Sensor. In 
other embodiments, the radiation Sensor(s) can be a catheter 
or probe based device and placed transcutaneously or 
inserted via a cavity or lumen to the Site of interest where a 
fiber optic (or bundle of fiber optics) acts as the Sensor. 
Exemplary Sensor and System configurations will be dis 
cussed further below. 

0.098 FIG. 2A illustrates that, in certain embodiments, a 
C-14 labeled analyte can be administered to a subject (Block 
200). The beta radiation emitted from local tissue in the 
Subject responsive to the administered radiolabeled analyte 
can be detected in Vivo from a radiation Sensor positioned in 
Situ in tissue proximate to a target Site in the body. The 
detected radiation can be monitored at desired times in a 
monitoring period (typically generating a signal or over 
time) (Block 210). At least one of the dynamic or kinetic 
biophysical response or activity (including the physiological 
or biological condition or response or activity) of the Subject 
or the pharmacokinetic and/or pharmacodynamic activity 
asSociated with the radiolabeled analyte can be monitored or 
determined or the monitored data can confirm that the 
radiolabeled analyte (or biochemical constituent thereof) is 
delivered to the intended targeted tissue in the subject (Block 
220). The data from the monitoring step can be used to 
assess desired in Vivo response or activity Such as, for 
example, the clinical performance, biophysical response or 
non-response of the Subject, or efficacy of a non-radiola 
beled counterpart analyte (Block 221). 
0099. The detected radiation may also be calibrated to 
quantitatively measure the radiation dose received at the 
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tissue. The calibration can be based on Signal Strength or 
radiation counts detected based on in vitro Values of levels 
in tissue or otherwise defined by experimental or clinical 
evaluations to correlate the Signal to the amount of radiation 
present in Vivo. 

0100. In certain embodiments, the radiolabeled analyte 
corresponds to a radiolabeled version of a (non-radiola 
beled) drug in the discovery phase of development or 
evaluation (Such as before or during clinical or pre-clinical 
trials) and is administered to evaluate the pharmacokinetics 
and/or pharmacodynamics thereof. 

0101 FIG. 2B illustrates that, similar to the operations 
described in FIG. 2A, the radiolabeled analyte is a C-14 
labeled glucose molecule, also known as "Clglucose. The 
'Clglucose can be monitored as it proceeds through a 
biochemical reaction and breaks into metabolic constituent 
components in the body. The C-14 labeled glucose molecule 
may include glucose molecule derivatives Such as, but not 
limited to, 2-deoxyglucose (2-DG), dextra-glucose (D-glu 
cose), or other radiolabeled glucose molecule derivative 
suitable for in vivo administration to a subject (Block 230). 
Data associated with the beta radiation corresponding to the 
"Clglucose, and/or glucose derivatives, as well as one or 
more of its radiolabeled metabolic or biochemical constitu 
ents in the Subject, which is emitted from targeted localized 
tissue, is obtained and monitored over time (Block 240). The 
dynamic kinetic biophysical and/or metabolic (that can 
include one or more of the pharmacodynamic or pharma 
cokinetic) response in the Subject can be determined or 
evaluated based on the obtained data (Block 250). 
0102) The position of the C-14 label on the glucose 
molecule and/or a glucose derivative molecule can be 
Selected based on one or more of a desired biochemical 
breakdown in the body, the desired residence time (longer or 
shorter) in the body, and/or the desired exit pathway of the 
C-14 radiolabel from the body. It is has been suggested that 
3-CH and 4-'C versions may release ''CO earlier in 
the biochemical reaction process while 1-'CH, 
2-"CH, and 6-'C- may release "CO later in the 
process cycle. See, e.g., Hawkins et al., Cerebral glucose use 
measured with 14C glucose labeled in the 1, 2, or 6 
position, American Physiological Soc., C-170-C173 
(1985)(diagramming the fate of C-14 in various positions of 
the carbon bonds of a glucose molecule on metabolism by 
glycoslysis and the tricarboxylic acid cycle). See also, 
Hamkens et al., PET in Clinical Oncology, pp.55-65, Edited 
by Wieler et al. (Springer, Darmstadt, Germany, 2000) 
(discussing, describing, and comparing, the biochemical 
pathways of the metabolism of glucose and FDG (denotation 
of the essential enzymes V.i.)). The contents of these refer 
ences are hereby incorporated by reference as if recited in 
full herein. Thus, embodiments of the present invention can 
selectively position the C-14 label to a desired carbon site on 
the glucose molecule. 

0103) In certain embodiments, the radiolabel on the glu 
cose or glucose derivative molecule may be expelled from 
the body based on what constituent component the C-14 
metabolizes into or biochemically breaks down into, So that 
is may be expelled either via respiration (via CO2), incor 
porated into the cell, and/or excreted in fluid. AS noted 
above, Selectively positioning the C-14 label on a carbon Site 
on the glucose molecule can cause the body to release the 
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radiolabeled constituent(s) earlier or later in the biochemical 
process (earlier discharge may also provide faster discharge 
of the radioactive component from the body). Monitoring 
the activity associated with the digestion or metabolized 
glucose may yield important information on the Status of the 
localized tissue or tumor site. In contrast, 2-DG, is not 
metabolized by cells and may typically remain in the body 
for several hours to 1 day before it is de-phosphorylated and 
excreted. 

0104 Metabolized glucose data may be analyzed in a 
relative assessment or in an absolute assessment. For 
example, the Signal data can be compared to absolute 
threshold data established from population norms (which 
may be segmented by population age or gender or disorder) 
or to relative data either normal or tumor data taken on the 
Subject previously. The data can be used in a quantitative 
manner to establish concentration, quantity, rates (uptake 
and discharge), Speed of the biochemical cycle, and the like. 
0105. In certain embodiments, two different response 
profiles can be generated, before and after certain therapies 
or temporally Spaced apart in time, or with different analytes. 
For example, two response profiles can be taken with 
different radiolabeled analytes Such as, but not limited to, 
both the 'Clglucose and the C-14 labeled 2-DG analyte. 
One or both types of glucose-based data analysis may be 
able to provide information glycolysis and/or the tricarboxy 
lic acid cycle. Such information may indicate normal or 
abnormal cellular behavior. For example, the information 
may be used to assess when a tumor or site is aerobic 
(oxygen rich) or anaerobic (oxygen deficient). It is known 
that tumors have abnormal glucose metabolic activity. 
Growing tumors can digest or take-in increased amounts of 
glucose relative to normal tissue (i.e., are hypermetabolic). 
Thus, the presence of increased amounts of C-14 glucose 
during the biochemical process may be representative of a 
growing, aerobic, or active tumor. Such information may be 
able to be used to assess tumor receptiveness to a particular 
treatment Such as a cytotoxic agent and/or to indicate that the 
target region comprises healthy tissue. 

0106. In certain embodiments, operations carried out 
according to the present invention can evaluate whether a 
given therapy has altered, disrupted, inhibited, or impaired, 
or promoted, the glycolysis biochemical process. This alter 
ation may be identified earlier in a treatment cycle before 
glucose uptake is Substantially altered, potentially providing 
earlier indications of therapeutic efficacy or influence. 

0107 FIG. 2C illustrates an exemplary glucose mol 
ecule. The glucose may be in an alpha-pyranose form. Of 
course, the glucose may also be formulated in other bio 
compatible forms as is known to those of Skill in the art. AS 
noted above, one or more of the carbon Sites in the glucose 
molecule may be replaced with the C-14 tag as desired. Due 
to the body's ability to metabolize glucose, a plurality of 
Serially administered and/or Successive doses (separated 
over desired time intervals) of the radiolabeled analyte may 
be used to evaluate a patient's metabolic activity or tumor 
Status. In certain particular embodiments, the C-14 label is 
Selectively chosen for a particular carbon position, Such as 
in positions C-1, C-2, C-3, C-4, C-6 or combinations thereof. 
In particular embodiments, the C-14 label can be located at 
C-3 or C-4 so as to promote metabolization with 'CO 
discharge earlier in the biochemical process. 
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0.108 FIG. 2D illustrates a series of operations that may 
be carried out to obtain data of metabolic activity according 
to embodiments of the present invention. AS shown, radio 
labeled or tagged glucose or (a biocompatible) glucose 
derivative is administered to a subject (Block 260). Data 
asSociated with the administered radiolabeled glucose and/ 
or glucose derivative is obtained as the radiolabeled glucose 
or glucose derivative is delivered to at least one target region 
and is taken up in localized tissue, and/or metabolized into 
constituent components in the body (Block 265). The data 
can be monitored over time to evaluate the metabolic 
activity, the pharmacokinetics and/or pharmacodynamics of 
at least one target region (Block 270). The data may relate 
to the metabolic Status of a tumor or its biochemical meta 
bolic activity. In certain embodiments, data can be obtained 
from two different target regions, one associated with nor 
mal or non-diseased tissue and the other associated with 
abnormal or tumor tissue. Data of the normal versus abnor 
mal or tumor tissue can be obtained and compared as the 
radiolabeled glucose and/or glucose derivative is taken-up, 
metabolized, processed and/or transformed, by the body into 
constituent chemical components to assess whether there is 
abnormal or altered behavior or activity in the tumor or 
abnormal tissue (Block 266). 
0109. In any event, whatever methods of operation and/or 
analyte Selected, the data can be obtained at discrete points 
in time and compared to generate a relative assessment of 
biochemical or metabolic change, efficacy or inefficacy in 
response to a therapy, and the like. In other embodiments, 
the data can be used to generate absolute or quantification 
values of the metabolic activity and/or radiation level at the 
target site(s). 

0110. In certain embodiments, data can be collected from 
a plurality of different target Sites. For example, but not 
limited, the data can be obtained proximate to (near, adja 
cent, or in) tumor tissue and proximate to (typically in) 
normal tissue. In addition, multiple “normal” and/or “target 
or abnormal tissue sites of interest may be concurrently 
monitored. 

0111. The in vivo detected beta radiation corresponds to 
radiation emitted from localized tissue or regions. The 
detected radiation is attributed to the uptake and/or retention 
of the analyte at the localized tissue at a certain point in time 
or at certain points over time. Selected parameters associated 
with the detected radiation can be monitored. The selected 
parameters can include one or a plurality of various param 
eterS Such as the flux, rate or acceleration of change, and/or 
a parameter having been identified as predictive of a desired 
therapeutic outcome. Examples of Selected parameters will 
be discussed further below. 

0112 Referring now to FIG. 3, in certain embodiments 
the present invention can act as a radioimmunology radia 
tion dosimeter using quantification of measured or detected 
internally administered radiation via the localized Sensor. To 
begin, a Selected therapeutic treatment can be administered 
to the subject (Block 300). The therapeutic radiation treat 
ment may be an internally administered or radioimmunology 
treatment that may include gamma, beta, or alpha radiation 
(Block 301). The therapeutic radiation treatment can be 
delivered systemically or locally as described above. The 
Systemic delivery may also include the administration of 
radioactive genetically engineered Substances which target a 
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cancerous tumor or diseased or organ or tissue of interest. 
The radiation can be monitored by an in Situ Sensor that is 
positioned in tissue in a target Site in the body. AS Such, the 
radiation proximate to the target tissue is detected in Vivo, 
(including adjacent to or within the tissue of interest) and is 
monitored over a selected time period (Block 310). The 
therapeutic treatment can be assessed based on the moni 
tored radiation data (Block315). The assessment can include 
determining whether the tissue exhibits a change in biocel 
lular, biokinetic, or biochemical process, or exhibits a 
desired response, uptake, retention, Signal Strength, or a 
non-response to the Selected therapy. In radioimmunology 
therapies, the amount of radiation which reaches the target 
Site (the desired treatment destination) can be quantified. 
That is, the radiation dose can be quantitatively evaluated 
based on the monitored detected values to assess or confirm 
that a desired (typically therapeutic) dose at the diseased or 
targeted tissue was received at the target Site and/or that the 
appropriate lower dose was received away from the targeted 
site (Block 320). 
0113. The term “tissue' includes all substances in the 
body, e.g., an aggregation of morphologically similar cells 
and intercellular matter performing one or more functions in 
the body (Such as, but not limited to, muscle, arteries, veins, 
vessels, tissue, bone, bone marrow, and the like) as well as 
serum, interstitial fluid or liquid. The liquid or fluid detection 
may be more typically measured with a fiber version of a 
detection or Senor probe rather than a non-fiber version of 
the Sensor. 

0114. In certain embodiments, a plurality of radiation 
Sensors or Sensing probes can be positioned about different 
locations in the targeted region to evaluate the distribution of 
the radiation dose acroSS this region. In other embodiments, 
at least one radiation Sensor can also be positioned in normal 
tissue, Sensitive tissue, or adjacent the target Site to monitor 
the amount of radiation which is delivered thereto to attempt 
to reduce the likelihood that radiation is overdosed in 
undesirable amounts to undesired locations. This informa 
tion can allow clinicians to refocus, adjust, or revise the 
Strength or type of the treatment (during or after a therapy 
Session). For example, a number of pharmaceutical products 
can be formulated into a corresponding radiolabeled version, 
which allows for the particular pharmaceutical to be ana 
lyzed locally in its radiolabeled form. The radiolabeled 
version has the same or Substantially similar pharmacologi 
cal activity as the parent drug or compound. 

0115 Further, C-14 radiolabeled drugs have been used in 
the past to evaluate its physiologic impact on a Subject 
during regulatory reviews to analyze metabolic byproducts. 
Typically, these types of Studies have used a Scintillating 
fluid with urine or fecal samples or exhaled ''CO. 
0116 Examples of chemotherapeutic pharmaceutical 
products, which can be formulated with a C-14 tag, include 
antineoplastics Such as alkylating agents, nitrogen mustards, 
nitroSureas, antibiotics, hormonal antagonists or androgens, 
antiandrogens, antiestrogens, estrogen/nitrogen mixtures, 
estrogens, gonadotroopin releasing hormones, immuno 
modulators, and other appropriate therapeutic agents. Other 
products not Specifically listed may also be used as contem 
plated by embodiments of the present invention. Table 1 lists 
a few examples of products, which can be radiolabeled for 
cancer treatments according to the present invention. 

Agent 

A. Alkylating agents 
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TABLE 1. 

Manufacturer 

1. Myleran GlaxoSmithKline (Glaxo.) 
2. Paraplatin, platinol Bristol Myers Squibb (BMS) 
3. Temodar Schering 

B. Nitrogen Mustards 

1. Alkeran Glaxo 
2. Cytoxan BMS 
3. Ifex BMS 
4. Leuderan Glaxo 

C. Nitrosureas 

1. BCNU BMS 
2. CCNU BMS 
3. Gliadel wafer Aventis 

D. Antibiotics 

1. Adriamycin Pharmacia & Upjohn 
2. Blenoxane BMS 
3. Idamycin Pharmacia & Upjohn 
4. Mithracin Bayer 
5. Mutamycin BMS 
6. Nowantrone ImmuneX 
7. Rubex BMX 
8. Fludara Berlex 
9. FUDR Roche 

10. Thioguanine Glaxo 
11. Xeloda Roche 
E. Hormonal Antagonists 

. Nilandron Aventis 
2. Teslac BMS 

F. Antiandrogens 

. Casodex AstraZenaca 
2. Eulexin Shering 

G. Antiestrogens 

. Arimedex AstraZenaca 
2. Aromasin Pharmacia 
3. Femara Novartis 
4. Nolvadex AstraZenaca 

H. Estrogen/Nitrogen mixture 

. Emcyt Pharmacia 
I. Estrogens 

. Estinyl Schering 
J. Gonadotroopin Releasing Hormones 

. Lupron TAP 
2. Zoladex AstraZeneca 

K. Progestins 

. Megace BMS 
L. Immunomodulators 

. Ergamisol Jansen 
M. Miscellaneous 

. Camptosar Pharmacia 
2. DTIC Bayer 
3. Etopophos BMS 
4. Gemzar Lilly 
5. Herceptin Genetech 
6. Hydrea BMS 
7. Intron A Scherling 
8. Lysodren BMS 
9. Navelbine Glaxo 

10. Oncovin Lilly 
11. Proleukin Chiron 
12. Rituxan. IDEC 
13. Roferon A Roche 
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TABLE 1-continued 

Agent Manufacturer 

14. Taxon BMS 
15. Taxotere Aventis 
16. Velban Lelly 
17. WePesid BMS 

0117 FIG. 4A illustrates one embodiment of a radiation 
detection system 10. As shown, the detection system 10 
includes a radiation Sensor 25 configured for in Vivo wireleSS 
(telemetric) operation as it resides in a Subject Such that, 
during operation, the Sensor 25 is proximate to or contacts 
tissue in the region of interest in the Subject. The sensor 25 
is operably associated with a processor 50 which can direct 
the activation of the sensor 25 and which can receive 
detected Signals telemetrically transmitted from the Sensor 
25. The processor 50 is operably associated with computer 
program code or instructions 75 which analyze Selected 
parameters associated with at least one of: (a) the uptake 
and/or retention of a radioactive or radiolabeled analyte 
and/or a radiolabeled biochemical constituent thereof in 
localized tissue; (b) the in Vivo pharmacokinetics/pharma 
codynamics of the radiolabeled analyte and/or a radiolabeled 
biochemical constituent thereof; and/or (c) the dose amount 
of radiation received at the localized tissue from an inter 
nally administered therapeutic radiation dose. Each of the 
Selected parameters correspond to a plurality of values or 
measurements (Such as one or more predictor variables 
taken from a time-dependent measurement profile) of a data 
Signal associated with the radiation detected by the Sensor 25 
over a time period or periods of interest. 
0118. In certain embodiments, the sensor 25 is configured 
to be biocompatible and operable as it resides in the body for 
a period of at least about 1 day, and typically for at least 
about 1-3 weeks. In certain embodiments, the sensor 25 can 
reside in the body for about 1-3 months and is configured to 
be relatively non-invasive to the subject (so as to be biose 
aled to the environment, Substantially non-irritating or unob 
Structive to the Subject and/or So as to not unduly interfere 
with normal life activities). 
0119) As schematically shown in FIG. 4B, the sensor 25 
can be mounted in a housing Such as catheter and/or or be 
a fiber optic probe configured for insertion into the body and 
wired to an external operating System (represented by the 
Solid lead lines drawn from the Sensor to the processor). 
Such a System may be particularly Suitable for short-term or 
acute positioning in the body and may be configured to 
collect data similar to the embodiment shown in FIG. 4A. 
The probe or catheter can be configured and sized to be 
positioned at the desired site intraoperatively, intraperito 
neally (where the tumor or targeted tissue site is So located), 
Subcutaneously, transcutaneously, or direct injection to the 
target site(s). In other embodiments, the catheter or probe 
can be guided or inserted into a cavity or natural lumen. In 
any event, the housing, probe or catheter is guided into the 
body until the sensor 25 is positioned in the desired loca 
tion(s) in the body. In these embodiments, the sensor 25 may 
be hard-wired to (and powered by) the external system and 
activated by the processor 50 at desired monitoring times. 
0120 For certain embodiments, the system 10 may be a 
fiber-optic based radiation detector with the sensor probe 
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comprising a plurality or bundle of fibers to provide 
intended Surface areas for improved detectability. Light 
impeding cladding material may be placed over all but a 
desired tip portion of the fiber(s) to define a desired effective 
active detection Surface area. One or more fibers (or a fiber 
bundle) may be employed. For example, a 2 mm fiber can be 
coupled directly to a channel multiplier head with about a 
2.2 mm length exposed for active detection to define an 
effective active surface area of about 0.17 cm. Suitable 
active Surface areas may be in the range of between about 
0.10 cm°-1 cm’. Examples of fiber optic sizes include those 
having a diameter between about 2 mm to about 250 lum. 
Other sizes may be used depending on the application and 
number of fibers employed. AS desired, an opposing end 
portion can be coated with a thin layer of aluminum or light 
Shielding material to Shield it from ambient light as needed, 
or measurements can be obtained in a light reduced room. 
0121 An example of an intraoperative Surgical probe is 
described in U.S. Pat. No. 6,076.009, the contents of which 
are hereby incorporated by reference as if recited in full 
herein. In other embodiments, the Sensor 25 can be config 
ured as a wireleSS or telemetric implantable Sensor 25 as 
discussed in relation to FIG. 4A above. Examples of Suit 
able implantable sensors as will be discussed further below. 
0.122 FIG. 5A is a schematic illustration of other 
embodiments of the present invention. AS shown, the Sensor 
25 is implanted in a Subject at a desired target region in a 
Subject So as to reside in the Subject on a chronic basis for 
a desired period of time (typically between about 1 day-3 
months). The system 10' includes a reader 60, which may be 
a wireleSS reader configured to wirelessly or telemetrically 
activate or initiate the activation of and reception of Signals 
from the Sensor 25 (the signals including data corresponding 
to the detected radiation). Co-pending U.S. patent applica 
tion Ser. No. 09/407.359 filed Sep. 29, 1999, the contents of 
which are hereby incorporated by reference as if recited in 
full herein, includes descriptions of Suitable telemetric con 
figurations and sensors. As is also shown in FIG. 5A, the 
radiolabeled analyte 80 can be a liquid which can be 
formulated for injection into the Subject. 
0123 FIG. 5B illustrates another embodiment of the 
present invention. As shown, the radiolabeled analyte 80 
may be formulated for Systemic or direct injection, Such as 
Via Syringe or IV injection. The System can include a photo 
multiplier tube (PMT) 154 in optical communication with 
the sensor 25 and an amplifier 152. The system may also 
include a multi-channel scaler 150 and a computer 50. 
0.124. The present invention can acquire data associated 
with the detected radiation and generate at least one time 
dependent measurement profile of the radioactivity in a 
localized region of the Subject. The time-dependent profile 
can be analyzed to identify or quantify one or more predictor 
variables or parameters which capture desired information 
corresponding to one or more of the efficacy, performance, 
activity, response or Status of the radiolabeled Substance in 
the body and/the targeted or localized tissue. 
0.125 Turning now to FIGS. 6A-6E, examples of param 
eters or predictor variables and time-dependent profiles 
which can be analyzed or monitored are illustrated. FIG. 6A 
illustrates that a monitored response time can be individu 
alized Such that measurements are obtained over a period 
during which the detected radiation is above a predeter 
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mined threshold value (the threshold value is represented by 
the broken line adjacent the X axis). In other embodiments, 
the response or monitoring period can be pre-determined 
(such as between about 0.1-0.25 to 1-3 hours or to 24 hours 
or longer). As shown, radiation is detected over a period of 
time (t). The time at which the radiation is above a particular 
value (shown as the threshold value, but it may be at a higher 
value) can be defined as the time during which the local 
tissue is able to uptake, trap or accumulate or retain the 
radiolabeled or radioactive analyte (t). The detected 
radiation may have a peak at a particular time in the response 
cycle (tea). In addition, the radiation may increase during 
a portion of the response cycle (t) and decrease for a 
period of time thereafter (t). The rate of increase or 
decrease or time to reach the peak or the lower threshold 
may also be calculated based on the monitored values. 
Further, the acceleration or deceleration or decay rate (either 
an average or at particular times during the monitored 
period) can be established. 
0.126 For example, the energy from C-14 decay peaks at 
about 55 KeV. Generally described, in the time-dependent 
measurement profiles, each "count' or point in the profile or 
curve can correspond to a pulse of charge, and the pulse of 
charge can be quantified using a charge Sensitive detector. In 
certain embodiments, Signal to noise ratioS can be enhanced 
in various ways, Such as by allowing for Signal integration 
over short time windows of about 1 uS So that dark counts 
are reduced. In certain embodiments, the time duration of 
the signal pulses can be about 10 ns or less. 
0127. One or a combination of parameters or appropriate 
predictor variables can be correlated or Statistically evalu 
ated to determine the impact on clinical outcome or perfor 
mance in the body. AS Such, the parameter is predictive of a 
desired performance, response or Status of the localized 
tissue in the subject (or in other embodiments of the delivery 
and/or the quantification of the amount of radioactive Sub 
stance actually delivered to the targeted treatment site). 
0128. For example, if a subject has a relatively long 
trapping time, Such that it is able to retain the radiation above 
a certain level for greater times (either absolute or relative) 
than previously or in comparable Subjects or as established 
in clinical data, this capability may represent a positive 
predictive factor. Similarly, if the decay rate is slow or the 
peak (or time to Saturation) is reached later in the response 
cycle, this may also represent a positive predictive factor or 
that a favorable treatment response is indicated. Other 
examples include later uptake and a Smaller decrease from 
a peak value after a representative time. For example, if the 
Signal exhibits less than a predetermined percentage drop 
from peak or maximum radiation activity after a represen 
tative time (such as 0.25 to 1-5 hours after initiation of the 
administration of the radiolabeled analyte to the Subject), 
this may represent a favorable predictive factor. 

0129. For monitoring based on 'Clglucose, or C-14 
labeled glucose derivatives (such as dextraglucose), the 
biochemical processes associated with the metabolism or 
glycolysis of the glucose may be Such that the radiolabeled 
component is discharged from the body in as little as 5-10 
minutes from the time of administration, and the data 
collection may be carried out to obtain increased data points 
during a shorter collection time, Such as, but not limited to, 
during the first 0.25 hours, Such as during the time period 
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extending between about time equal about 0 to about 15 
minutes-1 hour post-initiation of the administration of the 
radiolabeled glucose/glucose derivative. 
0.130 FIG. 6C represents monitoring of the biological 
half-life (T2). Biological half-life times greater than a 
predetermined time may be an additional favorable or posi 
tive predictive factor. The presence of several of the positive 
predictive factors may indicate a particularly reliable indi 
cation of a favorable treatment opportunity. 
0131 FIG. 6B illustrates that the area under the curve 
can be used to calculate the dose of radiation received at the 
targeted Site. Other dose correlation or calculation means 
can also be employed. FIG. 6E illustrates that the signal can 
be monitored and mathematically integrated and then a 
(first) derivative mathematically taken to represent the rate 
of change of concentration over time associated therewith. 
For illustration, in the embodiment shown, the lineshape of 
FIG. 6E corresponds to the derivative of the profile of FIG. 
6A, albeit in a unitleSS manner without accounting for the 
amplitude values. The activity corresponds to the count (C) 
over time (taken in Small pulsed intervals as noted above). 
Of course, other parameters and quantification or evaluation 
processing methods can be used depending on the particular 
application and information desired. 
0132 FIG. 6D illustrates that the system can obtain a 
plurality of different data Sets, each corresponding to a 
desired monitoring period. AS shown, three different tem 
porally separate response periods are monitored. The third 
response period is shown as having an increase in detected 
radiation as may occur when an enhanced or favorable 
treatment is identified. These monitoring procedures can be 
performed prior to each therapeutic treatment, or Several 
times before a favorable treatment window is indicated. The 
monitoring can also be done after Steps are taken to influence 
or induce the targeted region to be more receptive to drug 
uptake (Such as by directing external radiation at the target 
Site). 
0133. It is noted that relative or absolute values of the 
detected Signal can be used to assess the intensity or quantify 
the amount of radiation at the site (such as by taking a 
measurement before radiation is introduced to have a base 
line indication to cancel out background information or by 
using the ratio of two measurements). 
0134 FIG. 6F is a flow diagram of a method (preferably 
carried out by a computer program) for using at least one 
predictor variable taken from a time-dependent measure 
ment profile associated with the uptake and/or retention of 
radiation in the tissue. The predictor variable can be a 
plurality of calculated kinetic factors to determine whether 
a biokinetic response (which can mean changes in the 
biological or physiological function of the Subject) is favor 
able in order to make therapeutic treatment decisions 
according to embodiments of the present invention. AS 
shown, at least one predictor variable (which can be a 
plurality of predictive kinetic factors) associated with the 
uptake and/or retention of radiation is determined (Block 
300). The predictive variable can be one of those described 
above or other parameters. The method then assesses the 
metabolic activity of the subject (Block 305) and/or whether 
the biokinetic response of the subject is favorable (Block 
310). If so, in certain embodiments then a desired treatment 
can be delivered to the subject (Block 320). If not, then a 
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treatment can be delayed or postponed or altered (Block 
330) to attempt to increase the chances for a favorable 
therapeutic response. The method may also consider the 
available therapy types and Select one which is more likely 
to achieve a clinically Satisfactory outcome based on tumor 
type, certain kinetic or activity based predictive factors, or 
other patient information (Such as age, treatment number 
(Such as whether it is a primary or Secondary or tertiary 
treatment)) or the like. Alternatively, or additionally, the 
metabolic evaluation (Block 305) can be used to study or 
evaluate pharmacokinetic data (Block 306) and/or to assess 
the efficacy of a planned or delivered therapy (Block 307). 
0135 The detection systems contemplated by embodi 
ments of the present invention may be configured in Several 
Suitable configurations. For example, the System 10 can be 
configured: (a) as a fiber-based System with externally 
located operating electronics such as shown in FIG. 5B and 
10A, (b) as a multiple-implantable component System Such 
as shown in FIG. 9 (indirect detection that use optical fibers 
with Scintillators that can feed light back to a collective 
photodiode) and FIG. 10B (direct beta radiation such as 
with a detector crystal); (c) a single implantable unit telem 
etry linked to an external reader such as shown in FIG. 10C 
(semiconductor used as a direct detector that similar to FIG. 
10B can directly convert the beta into electron-hole pairs 
that are electrically measured); and (d) a single implantable 
unit with an indirect detector such as shown in FIG. 7 (the 
body of the implantable unit is the Scintillator and is in 
optical communication with a photodiode). A combination 
of the Systems or Selected components described herein may 
also be employed. In certain embodiments, a plurality of 
Sensing probes (direct and/or indirect) can be used with a 
central or Single external reader to monitor radiation at more 
than one location in the body. 
0.136 Generally stated, there are two primary means for 
measuring ionizing radiation using a Solid-State detector: 
namely, direct and indirect conversion. AS noted above, the 
radiation sensor 25 of embodiments of the present invention 
may be configured for direct or indirect detection. In direct 
conversion, the ionizing radiation itself creates an electron 
hole pair in a region of the detector, and these changes can 
be separated by a biasing electric field and collected as a 
current through or in the device. Indirect conversion con 
verts ionizing radiation to light in a Scintillator and the light 
is detected by the mechanism involved in the pair production 
described above. 

0.137 As such, the detection system 10 and/or the asso 
ciated Sensor(s) 2.5 may be physically and/or operationally 
configured in a number of Suitable designs. For example, 
referring now to FIG. 10A, the sensor 25 of the detection 
System 10 may be configured for acute placement of a 
percutaneous or internally located Scintillating fiber(s) that 
couples to an externally located detector 10D. That is, the 
sensor 25 directly relays the light signal to a detector 10D 
located outside the body. In the embodiment shown in FIG. 
10A, the external detector 10D comprises those components 
inside the broken line. Other configurations of detectors 10D 
may be employed. This embodiment may reduce the size 
and electronic operational complexity of the portion of the 
device inserted or placed into the patient. 

0138. As shown in FIG. 10B, in other embodiments, a 
fully implantable sensor assembly 25 may be configured 
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with at least one sensor head (probe body) 25s that is 
independently positionable in the body of the subject so that 
it contacts the targeted tissue. The sensor or probe body 25s 
is connected to a processor body 25p via one or more fibers 
or wires 25w and can be (Subcutaneously) implantable a 
distance away from the probe body 25s typically closer to 
the Surface of the skin. Although illustrated as Subcutane 
ously implanted, the processor body 25p may also be 
externally mounted onto the skin of the Subject and Secured 
in position with an external biocompatible covering. The 
processor body 25p can be configured to include most of the 
wireleSS transmit/receive circuitry and So that it communi 
cates with an external reader 60. The internal processor body 
25p can include a differential receiver 25, an amplifier/ 
pulse shaper 25, a modulator 25, and a loop antenna 25 
that can be magnetically coupled to a like component in the 
external reader 60. The processor body 25p can also include 
other components configured to power the Sensor 25s and/or 
communicate or interface with the external reader 60. The 
probe body or Sensor 25s can comprise the active Sensing 
component Such as a detector crystal 25, and a charge 
amplifier/bias network line, driver 25. The external reader 
60 includes a telemetry antenna and the processor 50. 
0139 Instill other embodiments, as shown in FIG. 10C, 
the sensor 25 is a unitary body that includes the active 
Sensor, shown as a direct beta radiation detector 25s, as well 
as the operational and communication electronics 25e that is 
configured to wirelessly communicate with the external 
reader and collect the radiation data. The unitary body may 
be housed in a biocompatible Sealed-glass or Suitable mate 
rial housing 25c that is configured for direct detection of the 
radiation and miniaturized and implantable into the target 
tissue. The Support electronics 25e can be positioned on a 
circuit substrate 25sub. The implantable unit 25 may also 
include a ferrite core to promote external communication 
operations. The radiation Sensor 25 can be implanted in the 
body of a Subject via Surgery, injection, or inserted through 
a medical trochar. The radiation Sensor 25 can be miniatur 
ized Such as sized at about 2-3 mm in width (or less) and 
about 10-20, and typically less than 25 mm in length. Each 
of the implantable versions shown in FIGS. 10B and 10C 
may be particularly Suitable for chronic in Vivo placement. 
0140. The operating power for certain of the implantable 
Sensor 25 configurations may be provided by an inductive 
coupling of a RF field positioned in the vicinity of the 
implantable sensor 25. This is typically provided by a reader 
60 (FIG.5A) which can generate the desired power field and 
receive the signals from the sensor 25 (devices which 
include both transmit and receive functions may be termed 
a “transponder”). Alternatively (or additionally), the 
implantable Sensor 25 may employ an internally mounted 
battery as a power Source (not shown). See U.S. patent 
application Ser. No. 09/407.359 incorporated by reference 
above. In certain embodiments, the reader 60 (FIG.5A) can 
be configured to transmit information as well as power to the 
sensor 25 (for inductively powered models) and to receive 
the detected radiation signals (i.e., a “two-way System). 
0141 FIG. 7 illustrates an indirect conversion sensor 25. 
Turning now to FIG. 7, an example of an alternate implant 
able radiation sensor 25 is illustrated. The radiation sensor 
25 can be implanted in the body of a Subject via Surgery or 
inserted through a medical trochar. AS before, the radiation 
Sensor 25 can be miniaturized, Such as sized at about 2-3 mm 
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in width (or less) and about 10-20 mm, and typically less 
than 25 mm in length. The radiation sensor 25 shown in 
FIG. 7 is configured to measure or detectionizing radiation 
by generating analog or digital Signals that represent the 
detected or measured radiation. 

0142. In certain embodiments, the sensor 25 can include 
a photodiode or Similar Semiconductor element as the active 
Sensor. Examples of Suitable active Sensors can include, but 
are not limited to, a Silicon photodiode operating in photo 
Voltaic mode, a Silicon photodiode operating in reverse bias 
mode, Silicon photodiode operating in avalanche mode, an 
avalanche photodiode (APD), an APD in Geiger mode, a 
silicon PIN diode, a charge coupled device (CCD), other 
photodiodes or radiation Sensors composed of gallium arS 
enide, II-a natural and CVD diamond, GaN, SiC. CdZincT 
(“CZT”), and ionization chambers and miniature electron 
multiplier and photomultiplier devices. 

0143. In the embodiment shown in FIG. 7, the body of 
the sensor 25 may be molded into a desired geometry from 
a Scintillating material 28. In the embodiment shown, a 
miniaturized elongated cylindrical body 25b is used to hold 
the internal circuitry. The inner and outer surfaces 25i and 
25o of the body 25b include a reflective material 25r. As 
shown, in certain embodiments, the entire perimeter of the 
body of the sensor 25 is able to act as a scintillator. The 
reflective material 25r may be positioned to encase the outer 
and inner walls of the Scintillator material. The reflective 
material 25r may be formed onto the Scintillator material by 
various techniques Such as vacuum deposition, coating, 
spraying, or the like. The reflective surfaces 25r define the 
boundaries of the light guide or light channel 33 which, in 
operation, captures and directs the light created by the 
conversion of the ionizing radiation to at least one “imping 
ing” or detection point 26 which does not have the reflective 
coating, which allows the light to travel out of the light 
channel 33 and into to at least one proximately positioned 
photo detector 30. 

0144. As shown, the sensor 25 has two opposing light 
input points 26, each of which is in optical communication 
with a respective photo detector, Such as one of the photo 
detectors 30. The photodetector 30 resides on a circuit 
Substrate 32 on opposing Sides of a line of Symmetry 
extending axially along the body of the device. An index 
matching material can be positioned between the light 
entrance surface of the photodiode 30 and the exit portion of 
the light guide 26. The indeX matching material may be 
formed onto the exit portion of the light guide 26 or maybe 
formed as a film or pad held therebetween. The index 
matching material may be Selected So that its refractive 
indeX is close to the average of the indices of the Scintillating 
material and the material forming the entrance or front 
surface of the photodiode 30f (and typically such that it is 
substantially different from air). As noted above, for certain 
embodiments, the radiation Sensor 25 is configured to detect 
peak radiation on the level of about 55 KeV. The radiation 
sensor may be operated to provide about 20-1000 or more 
counts per Second. For example, for 166 nGi/cc, and about 
a 2 cm detector (active Surface) region, the radiation Sensor 
25 may provide about 30 counts per second. 

0145 A ferrite core inductor 40 is positioned in the cavity 
of the sensor body 25b away from the photodiode(s) 30. 
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Additional Support or components 35 may be mounted to the 
circuit Substrate to provide operational or mechanical Sup 
port therefor. 
0146 It is noted that other suitable geometries can also be 
used to form the light guide or channel(s) 33. FIG. 8A 
illustrates a Single photodiode 30 located at a light exit 
portion 26 at one end of the light guide channel 33. FIG. 8B 
illustrates a light exit portion 26 at an end portion of the body 
of the sensor 25b. 

0147 FIG. 9A illustrates that a sensor 25' with multiple 
radiation probes 25p, each on a flexible arm 25arm can be 
used to detect at different regions in the desired region of the 
body. The radiation sensor 25" may be implantable with the 
center body 25s housing the ferrite core inductor (acting as 
a power/transmitting satellite body) and the end probes 25p 
providing the lightguides and Scintillators and being con 
nected to the primary body. The arms of the probes 25arm 
can be covered in reflective material to channel the light to 
selected photodiodes in the center body 25s (the probes 
being configured So that they are each in optical communi 
cation with a selected photodiode therein). AS noted before, 
the radiation sensor 25, 25" may also be positioned on a 
catheter or probe. In this embodiment, the sensor(s) 25, 25 
may reside on a perimeter portion thereof Such that, in 
position in the body, each (the active part of the probe or 
Sensor) is exposed to the desired target region in the Subject 
So as to allow the radiation to activate the Scintillator 
material. 

0148 FIG. 9B illustrates that a sensor 25" may also 
include a sensor body 25b with a plurality of fiber optic 
Segments or leads 125 positioned in the tumor mass. 
0149 The fiber optic leads 125 may be coated with a 
Scintillator material as noted above and used to collect, 
capture, and relay light Scintillated from different regions of 
the target site to the sensor body 25b. Each lead 125 may be 
polled Separately of the light funneled concurrently to one or 
more active Sensing regions in the Sensor body 25b which 
may be configured with or in optical communication with a 
PMT, photo-avalanche detector or the like. 
0150. The present invention is explained in greater detail 
in the following non-limiting Examples. 

EXAMPLES 

0151. A fiber optic probe suitable for transcutaneous 
placement was used with a photomultiplier tube for detec 
tion of beta radiation from C-14 labeled glucose (available 
from Amersham Pharmacia Biotech). A commercially avail 
able channel multiplier tube (from Perkin Elmer, model 
C943 P) was used with a small array of Scintillating fibers 
(from Bicron). The fibers were packed loosely into a retain 
ing collet and fixed in place with epoxy (EPO-TEK 301). 
The Sample Surface was then polished to remove any 
residual epoxy from the faces of the fibers. The active area 
of the fiber bundle was about 0.17 cm, and typically the 
active surface is at least about 0.10-1 cm. The opposite end 
of the fiber bundle was mated to the Surface of the channel 
multiplier with optical cement. The System was assembled 
with a power Supply, the channel multiplier and the fiber 
bundle detector. 

0152 The C-14 labeled glucose was used at a concen 
tration of about 50-200 uCi/ml and the tips of the fibers were 
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exposed to the Solution in a light-tight enclosure. Current 
pulses from the channel multiplier due to beta events were 
amplified (using amplifier model A101 from Amptek) and 
sent as TTL pulses. A LabView device (from National 
Instruments) was used to record or monitor the counts per 
time. No pulse-height analysis was performed on the counts 
from the channel multiplier. About 850 counts per second 
were recorded whereas the background count was below 
about 25 counts per Second. 
0153. The energy spectrum from C-14 decay peaks at 55 
KeV. The average range of the C-14 beta in water is believed 
to be about 50 lum. Using the effective surface area of the 
fiber bundle, the count rate observed was consistent with an 
effective detection thickness of 50 lum. That is, the attenu 
ation of betas reaching the fibers due to the water is 
equivalent to having the listed activity present in a uniform 
layer on the face of the fiber that is 50 um thick. 
0154) The detector sensitivity can be impacted by the 
amount of Surface area. In operation, each count corresponds 
to a pulse of charge and this charge can be quantified using 
a charge Sensitive detector. The Signal to noise ratio may be 
enhanced by allowing for Signal integration over Short time 
windows, in the range of 1-100 us, and more typically closer 
to the lower end of the range So that dark counts are reduced. 
The time duration of the Signal pulses can be less than about 
10 ns. 

O155 For in vivo evaluations, a 2 mm fiber bundle may 
be inserted into position via a small incision at an entry site. 
A 13 gauge needle, with a Solid removable component, can 
be inserted into the incision. The Solid component can be 
removed and replaced with the fiber or fiber bundle. Once in 
place, a retention component can be applied to Secure it in 
position (Suture, Surgical glue or the like) and the needle 
removed. The labeled glucose can be injected into the tail 
vein of test animals (Such as rats) in a single bolus. The total 
activity may range from about 1-10 mCi based on the SNR 
noted above. After Several passes in the blood Stream, tissue 
levels of C-14 will rise (approximately 2-3 minutes after 
administration). The radiation detected by the fiber bundle 
and relayed to the photomultiplier tube can be monitored 
until the concentration drops to about 10% of the initial 
value in counts per Second to evaluate individual differences 
in bio or pharmacokinetics between Subjects and tumors. 
0156 Experiments using single or dual probe sensors 
have been used to obtain in Vivo response data. The radio 
labeled analytes used in the in Vivo experiments included 
'C-2DG (C-14 labeled 2-deoxyglucose) and 'C-5FU 
(C-14 labeled 5-Fluorouracil, a chemotherapeutic cytotoxic 
agent). 
0157 FIG. 11A illustrates a response profile graph (an 
integrated counts (above threshold) over time profile) taken 
over a monitored time period of about 85 minutes (study #2). 
The counts were taken on a thirty Seconds/sample count time 
frame. In this experiment, a fiber optic probe was positioned 
Subcutaneously in “normal' or non-cancerous tissue in the 
back of a Fisher 344 rat. A dose of 50 uCi of 'C-2DG was 
injected in the tail vein. The data was monitored for about 85 
minutes. AS shown, the counts increased after the injection 
as reached a plateau at about 10 minutes from the time of 
injection (about 35 minutes into the monitoring period). The 
initial portion of the graph has values that represent “base 
line” or dark current. At about point “70” (corresponding to 
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about 35 minutes), the injection is given and uptake contin 
ues until it plateaus around point "90' (corresponding to 
about 45 minutes). 
0158 FIG. 11B-11C illustrate graphs of data obtained 
using two probes, each placed Subcutaneously in normal 
tissue of a 190 gram female Fisher 344 rat, one placed in the 
flank/inguinal and the other in the Scapula (Study #4). The 
graph plots uCi/ml over time at 90 Second per mark with the 
upper line corresponding to the data obtained at the Scapula 
and the lower line corresponding to the data obtained at the 
flank. In this experiment, a bolus of 200 uCi of ''C 2-DG 
was administered via intra-peritoneal (IP) injection. The 
data was monitored for about 96 minutes. AS shown, higher 
concentrations were obtained in the Scapula region com 
pared to the flank region. The data Supports that pharmaco 
kinetic modeling of in Vivo concentration data is feasible. 

0159 FIG. 11C is a graph of a pharmacokinetic model-fit 
of the flank normal tissue data (from the inguinal region) of 
FIG. 11B versus time (uCi/ml versus time in minutes). The 
triangulated points represent observed data and the line 
represents the predicted values. AS shown, there is a Sig 
nificant ramp up in the value of the detected Signal or counts 
during the first 10 minutes, tapering to a gradual Slope 
uptake in the 10-30 minute range, followed by a substantial 
level region in the curve at about 35 minutes that extends to 
just over the 60 minute range, whereupon the line is pre 
dicted to taper down. The peak or maxima point in the graph 
is reached in the 20-50 minute range according to the 
observed points on the graph. FIG. 11C used a one com 
partmental PK model to generate the predicted data with 1st 
order input and 1st order elimination kinetics. This Statistical 
model was used to model the observed values obtained from 
the flank/inguinal probe verSuS that which can be predicted 
using a model of the previously Stated characteristics. Other 
Statistical functions may also be used to develop a predictive 
model. Departures from the model may be used to evaluate 
tumor Status Such as growth, remission, or kill and/or 
irregular metabolic or response behavior. 

0160 FIG. 11D is a graph of two other studies, identified 
by Di2 and DH3. Each of these studies used 200 uCi of 
'C-2DG administered via an IV to a 180g rat to monitor the 
number of integrated counts obtained per 90 Seconds in a 
Sampling period (90 seconds per each indicated mark on the 
time axis). As shown, two probes were used to gather 
response data both in normal (DH2N, DH3N) and tumor 
(D#2T, D#3T) tissue. 
0.161 FIG. 12A is a graph of a response profile of data 
in two locations in a tumor bearing 270 g Fisher 344 rat, 
obtained via a dual probe test set-up (study #5). Again, one 
of the two probes was positioned Subcutaneously in the 
Scapular tissue (in a tumor) and the other in the flank (normal 
tissue) of the rat. A dose of 250 uCi of ''C labeled 5FU was 
administered via intraperitoneal injection. Data was moni 
tored for about 100 minutes. FIG. 12A is a graph of the 
concentration of the radiolabeled analyte (uCi) over time 
(minutes) and illustrates that "C-5FU is relatively slowly 
absorbed into the flank tissue and Scapular tumor after the 
injection. The concentration and uptake profiles of the 
"C-5FU are similar for both locations. The uptake profile is 
consistent with results presented by Mahteme et al., Anti 
Cancer Res, 18:943-50, 1998 (describing an autoradio 
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graphic study in the rat). As shown in FIG. 12A, the 'C 
concentrations continue to rise after about 90-100 minutes 
from the time of injection. 
0162 FIG. 12B is a graph of a response profile of 
concentration (uCi) over time (minutes) of a 120 uCi dose of 
'''C-5FU administered via an IV in the tail vein in a 300 
gram Fisher 344 rat (study #6). Again, two probes were 
Subcutaneously placed in the rat, one in the flank (in tumor 
tissue) and the other in normal tissue at the Scapula. This 
subject was monitored about 70 minutes after injection. This 
graph illustrates that the 'C-5FU uptake is measurable or 
detectable shortly after the injection and that the concentra 
tions peak after within about 10-30 minutes after dosing. 
The upper line represents the flank (tumor tissue) and the 
lower line represents the normal Scapula tissue. Comparing 
the two lines in the graph, it is shown that in this experiment, 
the ''C concentration level peaks earlier in the tumor tissue 
than in the normal tissue. 

0163. It is anticipated that a glucose based radiolabeled 
analyte can be administered multiple times during a treat 
ment period to evaluate metabolic activity and/or tumor 
response. In addition, a radiolabeled glucose (or other 
metabolite) can be administered along with a therapeutic 
agent (which may also be radiolabeled), typically each at 
different times. 

0164. In summary, in certain embodiments, the present 
invention may be used to assess metabolic response or 
activity and/or may help identify more favorable treatment 
periods or a Subject's likely affinity or Sensitivity to a drug 
before a therapeutic dose is administered. The data can be 
obtained in Substantially real time via intermittent, episodic, 
or Substantially continuous monitoring during desired moni 
toring periods to provide information on the biological, 
physiological, and/or metabolic behavior of one or more 
target regions of interest. Such data may be employed to 
assess (a) Single or combination therapies (such as which 
therapy should precede the other or whether both should be 
delivered concurrently or proximate to the other, and the 
like); (b) pharmacokineticS/pharmacodynamics; (c) alter 
ations in or status of metabolic activity or function; (d) 
tumor response or status; and (e) drug behavior in drug 
discovery programs or pre-clinical or clinical trials. 
0.165. Unlike conventional treatments, where empirical 
protocols on the timing and the toxicity of the planned 
treatment can guide deliveries of cytotoxic agents which 
may be more damaging to normal tissue than to any positive 
treatment impact on the malignant cell population, certain 
embodiments of the present invention can allow for custom 
ized treatments based on the dynamic changes during treat 
ment that occurs within a malignant cell population. Making 
this information available to attending physicians and cli 
nicians can allow them to exploit the revealed differences 
between malignant and normal cells, and hence improve the 
treatment procedures to achieve better outcomes. 
0166 The foregoing is illustrative of the present inven 
tion and is not to be construed as limiting thereof. Although 
a few exemplary embodiments of this invention have been 
described, those skilled in the art will readily appreciate that 
many modifications are possible in the exemplary embodi 
ments without materially departing from the novel teachings 
and advantages of this invention. Accordingly, all Such 
modifications are intended to be included within the Scope of 
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this invention as defined in the claims. In the claims, where 
used, means-plus-function clause are intended to cover the 
Structures described herein as performing the recited func 
tion and not only structural equivalents but also equivalent 
Structures. Therefore, it is to be understood that the forego 
ing is illustrative of the present invention and is not to be 
construed as limited to the Specific embodiments disclosed, 
and that modifications to the disclosed embodiments, as well 
as other embodiments, are intended to be included within the 
Scope of the appended claims. The invention is defined by 
the following claims, with equivalents of the claims to be 
included therein. 

That which is claimed is: 
1. A System for detecting in Vivo pharmacokinetic, phar 

macodynamic and/or metabolic activity, comprising: 
at least one radiation Sensor configured to detect in vivo 

beta radiation at least intermittently over a period of 
time, the at least one Sensor adapted to be positioned in 
Solid tissue, and configured to detect the beta radiation 
as it is emitted in response to an administered analyte 
as the analyte is biochemically processed by the body, 
wherein the analyte comprises at least one of the 
following: radiolabeled glucose, a radiolabeled glucose 
constituent, and a radiolabeled glucose derivative, and 

a processor operably associated with the at least one 
radiation Sensor and configured to receive data associ 
ated with the detected radiation from the at least one 
Sensor, wherein Said processor is configured to elec 
tronically monitor Selected in Vivo parameters associ 
ated with one or more of the uptake, processing, and 
retention of at least one of the radiolabeled glucose, the 
radio labeled glucose constituent and the radiolabeled 
glucose derivative in the targeted localized Solid tissue 
based on the data received from the at least one Sensor. 

2. A System according to claim 1, wherein the radiolabel 
comprises C-14 (carbon 14), and wherein the processor 
includes a computer readable Storage medium having com 
puter readable program code embodied in Said medium, Said 
computer-readable program code comprising computer 
readable program code for monitoring Selected in vivo 
parameters associated with one or more of the uptake, 
processing, and retention of the C-14 labeled glucose, C-14 
labeled glucose constituent or C-14 labeled derivative in the 
at least one targeted localized Solid tissue. 

3. A System according to claim 1, wherein the Sensor is 
configured as an implantable telemetric Sensor adapted for 
chronic implantation in Solid tissue proximate a tumor Site, 
and wherein the processor is configured to evaluate the 
metabolic activity of the tumor site. 

4. A System according to claim 1, wherein the processor 
is held in a remote housing, and wherein the at least one 
Sensor is configured to wirelessly transmit signals associated 
with the in Vivo detected radiation to the processor over a 
period extending from at least about 1 week. 

5. A System according to claim 4, wherein the at least one 
Sensor is inductively powered and configured to wirelessly 
transmit Signals to the associated processor with the in vivo 
detected radiation over a desired investigational period. 

6. A System according to claim 1, wherein the at least one 
Sensor is a plurality of discrete Spatially Separated Sensors, 
including first and Second Sensors that are adapted to detect 
radiation emitted from respective first and Second Spatially 
Separate locations in the body. 
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7. A System according to claim 6, wherein the first 
location is associated with normal or non-diseased tissue and 
the Second location is associated with diseased, impaired, 
abnormal, or cancerous tissue. 

8. A System according to claim 1, wherein the radiolabel 
comprises C-14, the System further comprising a remote 
reader configured to communicate with the at least one 
Sensor, the reader comprising the processor and being con 
figured to programmatically evaluate Selected predictive 
variables or parameters associated with at least one of the 
uptake and retention of at least one of the C-14 labeled 
glucose, the C-14 labeled glucose constituent, and the C-14 
labeled glucose derivative in the localized tissue to deter 
mine at least one of the following: the biological half life 
thereof, the amount of time the detected radiation is above 
a predetermined threshold level in the solid tissue, the 
amount of time that the radiation detected is increasing in the 
Solid tissue, the peak value of the detected radiation in the 
Solid tissue, the time at which the peak radiation level occurs 
in the Solid tissue, and the decay rate of the detected 
radiation in the Solid tissue. 

9. A System according to claim 1, wherein the radiolabel 
comprises C-14, and wherein the processor is configured to 
determine the concentration of at least one of the C-14 
labeled glucose, the C-14 labeled constituent and the C-14 
labeled derivative in the at least one localized region of 
interest. 

10. A System according to claim 1, wherein the processor 
is configured to determine a time-dependent profile of 
emitted radiation in the Solid tissue. 

11. A System according to claim 1, wherein the radiolabel 
comprises C-14, and wherein Said at least one Sensor is 
configured to detect radiation related to biochemical pro 
cessing of at least one of C-14 labeled 2-deoxyglucose and 
a C-14 labeled constituent thereof. 

12. A System according to claim 1, wherein the radiolabel 
comprise C-14, and wherein Said at least one Sensor is 
configured to detect radiation related to internal activity of 
C-14 labeled dextraglucose and a C-14 labeled constituent 
thereof. 

13. A System according to claim 1, wherein the radiolabel 
comprises C-14, and wherein Said Sensor is configured to 
detect radiation related to internal activity of an adminis 
tered C-14 labeled glucose or C-14 glucose derivative, 
wherein the C-14 labeled glucose or glucose derivative is 
Selected to have a modified glucose molecular chemical 
Structure that is biocompatible and can be bio-chemically 
processed by the body. 

14. A System for analyzing an in Vivo response of a 
Subject, comprising: 

an implantable radiation detector for detecting radiation 
present in at least one localized Solid tissue region of 
interest in a Subject associated with internal activity of 
an administered quantity of an analyte comprising at 
least one of C-14 labeled glucose, a C-14 labeled 
glucose constituent, and a C-14 labeled glucose deriva 
tive, in the at least one Solid tissue region of interest 
over a desired time interval of interest; and 

a reader in communication with the implantable detector 
for collecting radiation data from the detector associ 
ated with the detected radiation to determine at least 
one of the following: the in Vivo dynamic, kinetic, and 
metabolic response of the Subject. 
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15. A System according to claim 14, wherein the detector 
is configured to detect the concentration of the analyte in the 
at least one localized region of interest. 

16. A System according to claim 14, wherein Said detector 
is configured to detect radiation related to in Vivo biochemi 
cal processing of C-14 labeled 2-deoxyglucose or a C-14 
labeled derivative of 2-deoxyglucose. 

17. A System according to claim 14, wherein Said detector 
is configured to detect radiation related to the internal 
activity of at least one of C-14 labeled dextraglucose and a 
C-14 labeled constituent thereof 

18. A System according to claim 14, wherein Said detector 
is configured to detect radiation related to the internal 
activity of an administered C-14 labeled glucose derivative, 
wherein the C-14 labeled glucose derivative is selected to 
have a modified glucose molecule chemical Structure that is 
biocompatible and can be bio-chemically processed by the 
body. 

19. A system according to claim 14, the reader further 
comprising a processor having a computer readable Storage 
medium having computer readable program code embodied 
in Said medium, Said computer-readable program code com 
prising computer readable program code configured to 
receive and analyze Signals associated with the biochemical 
processing of at least one of the C-14 labeled glucose, the 
C-14 labeled glucose constituent and the C-14 labeled 
glucose derivative and a corresponding radiolabeled bio 
chemical constituent thereof in the body. 

20. A System according to claim 14, wherein the Sensor is 
chronically implanted proximate a tumor treatment Site, and 
wherein reader is configured to provide assess a likelihood 
of receptiveness of a tumor treatment Site to a therapeutic 
cytotoxic treatment based on the monitored radiation data in 
the Solid tissue proximate the tumor site. 

21. A System according to claim 14, wherein the reader is 
configured to repetitively obtain radiation measurement data 
in the Solid tissue in Substantially real time over a desired 
monitoring window to evaluate changes in physiological, 
biological and/or metabolic behavior of a tumor treatment 
Site. 

22. A System for analyzing an in Vivo response of a 
Subject, comprising: 

a radiation detector for detecting in Vivo radiation present 
in at least one localized Solid tissue region of interest in 
a Subject associated with internal activity of an admin 
istered quantity of C-14 labeled 2-deoxyglucose in the 
at least one Solid tissue region of interest over a desired 
time interval of interest; and 

a reader in communication with the implantable detector 
for collecting radiation data from the detector associ 
ated with the detected radiation to determine at least 
one of the following: the in Vivo dynamic, kinetic, and 
metabolic response of the Subject. 

23. A System according to claim 22, wherein the reader is 
configured to assess whether a tumor treatment Site is likely 
to be receptive to a therapeutic cytotoxic treatment based on 
the monitored radiation data in the Solid tissue proximate the 
tumor Site. 

24. A System according to claim 22, wherein the reader is 
configured to repetitively obtain radiation measurement data 
in Substantially real time over a desired monitoring window 
to evaluate changes in physiological, biological and/or meta 
bolic behavior of a tumor treatment site. 
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25. A System for analyzing an in Vivo response of a 
Subject, comprising: 

a radiation detector for detecting in Vivo radiation present 
in at least one localized Solid tissue region of interest in 
a Subject associated with internal activity of an admin 
istered quantity of a C-14 labeled glucose derivative in 
the at least one Solid tissue region of interest over a 
desired time interval of interest, wherein the glucose 
derivative is Selected So that it has a modified glucose 
molecular chemical Structure that is biocompatible and 
can be bio-chemically processed by the body; and 

a reader in communication with the implantable detector 
for receiving and analyzing radiation data from the 
detector associated with at least one of the C-14 labeled 
glucose derivative and a C-14 labeled biochemical 
constituent thereof to determine at least one of the 
following: the in Vivo dynamic, kinetic, and metabolic 
response of the Subject. 

26. A System according to claim 25, and wherein the 
detected radiation is from Solid tissue proximate a tumor 
Site. 

27. A System according to claim 25, wherein the detector 
and reader operate proximate in time to and before a planned 
therapeutic treatment. 
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28. A System according to claim 26, wherein the reader is 
configured to provide a predictive indication of a receptive 
neSS of the tumor site to a therapeutic cytotoxic treatment 
based on the monitored radiation data in the Solid tissue 
proximate the tumor site. 

29. A System according to claim 25, wherein the reader is 
configured to repetitively obtain radiation measurement data 
in Substantially real time over a desired monitoring window 
to evaluate changes in physiological, biological and/or meta 
bolic behavior of a tumor treatment site. 

30. A system for analyzing in vivo metabolic activity of 
a Subject undergoing treatment for cancer, comprising: 

detection means for detecting metabolic activity in vivo 
based on levels of radiation present in localized tissue 
in the Subject Over a time interval of interest in response 
to administration of a radiolabled glucose or glucose 
derivative, and 

analyzing means for electronically analyzing the detected 
radiation data to determine the in Vivo metabolic 
kinetic activity of the Subject. 


