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any concentrations of 13C that W111 delineate a malignancy. 
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13, 2000, now Pat. No. 6,521,210. 
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(feeding)/(MRI imaging) procedure may be performed. The 
image that is created in this subsequent procedure can then 
be compared With the image that Was created in the ?rst 
procedure to determine the ef?cacy of the treatment, or to 
determine a groWth rate for the malignancy. 
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SYSTEM FOR IMAGING MALIGNANT TUMORS 
USING CARBON 13 WITH MRI 

[0001] This application is a divisional of application Ser. 
No. 09/736,526, ?led Dec. 13, 2000, Which is currently 
pending. The contents of application Ser. No. 09/736,526 are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention pertains generally to meth 
ods and systems for diagnosing a malignancy in in situ 
tissue. More particularly, the present invention pertains to 
methods and systems for using carbon 13 (13C) as a target 
material for detecting the presence of a malignancy in in situ 
tissue of a patient. The present invention is particularly, but 
not exclusively, useful as a method and a system for using 
MRI techniques to image concentrations of 13C in rapidly 
groWing tissue. 

BACKGROUND OF THE INVENTION 

[0003] In normal healthy tissue, cells Will groW, divide, 
and die in an orderly manner. In this process, normal cell 
division is necessary to sustain life and insure the orderly 
function of organs and tissues. As is Well knoWn, When cell 
division occurs, the result is the replication of a parent cell 
into daughter cells. The daughter cells then continue to 
function in the same Way as did the parent cell. According 
to the type of tissue involved, hoWever, the rate of cell 
division for normal cells Will differ. For eXample, the rate of 
cell division in epithelial tissue and in bone marroW tissue is 
more rapid than is the rate of cell division in other tissues. 
In any event, for normal cell division, the cells of each organ 
Will replicate at a pre-programmed rate speci?c to that 
organ. Unfortunately, hoWever, it happens that for any 
number of reasons the rate of cell division may change. In 
some cases, this gives rise to rapidly groWing cells Whose 
rate of cell division is out of control. As We knoW, cancer is 
one consequence of such rapid cell groWth, and cancer can 
take many forms. As We also knoW, undetected and untreated 
cancer can be fatal. 

[0004] Cell division requires nutrients, regardless Whether 
the tissue is healthy or cancerous. Importantly, carbon is an 
essential element in these nutrients. Indeed, all cells contain 
carbon, and about ninety percent of the carbon that is used 
by a cell can be found in its structural components, such as 
the cell Wall and the nucleus. Further, it is knoWn that When 
a cell groWs and divides, the structural components of the 
daughter cells are synthesiZed from available nutrients. In 
fact, nearly ?fty percent of the carbon from a nutrient that 
has been used by a parent cell can be found in each of the 
daughter cells. 

[0005] Naturally occurring carbon is mostly in the form of 
the carbon 12 isotope (12C). Asmall percentage of naturally 
occurring carbon, hoWever, is in the form of carbon 13 (13C). 
Insofar as cell division is concerned, cells metaboliZe carbon 
13 (BC) the same as they do the more common form of 
carbon, 12C. In at least one important respect, 12C and 13C 
are different. Speci?cally, it happens that 13C responds 
particularly Well to nuclear magnetic resonance, making it 
particularly useful for MRI techniques. Thus, by tuning the 
rf energy of an MRI for nuclear resonance With 13C, images 
can be created Which react to the presence of 13C in a tissue. 
Fortunately, carbon With an increased concentration of the 
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13C isotope can be produced by physical and chemical 
means. In fact, nutrients Which are highly enriched With 13C 
are commercially available. 

[0006] Normal cells divide at predetermined rates based 
on the type of tissues to Which they belong. In comparison 
With cells of the same tissue, cancer cells divide at a much 
faster rate. In most cases, these rapidly dividing cancer cells 
may take only about 8 hours to divide. Thus, in a 24 hour 
period they Will divide about three times. Consequently, 
When a patient is fed a nutrient enriched With 13C over a 
tWenty-four hour period, there Will be a discernibly high 
concentration of 13C. As a practical matter, the neW cells in 
a malignancy Will be largely made of the 13C. A feW hours 
after the feeding is interrupted, the unused portion of the 
enriched nutrient Will have been metaboliZed and Will dis 
appear from the body. 

[0007] A cell’s use of nutrients is generally dependent on 
tWo factors. One factor is the type of tissue, ie is the tissue 
fatty or non-fatty tissue. The other factor, Which is interre 
lated to the ?rst factor, concerns the type of nutrient that is 
used by the tissue for cell division, e.g. glucose or amino 
acid. Thus, the composition of nutrients to be used to target 
speci?c cells Will generally depend on Whether the cells are 
fatty or non-fatty tissue. 

[0008] Heretofore, the detection of malignancies has been 
accomplished in several Ways, using either invasive or 
non-invasive methods. Invasive techniques, such as the 
taking of a biopsy, have been used extensively. Invasive 
techniques, hoWever, can cause varying degrees of eXtended 
patient discomfort. On the other hand, non-invasive radia 
tion techniques, such as X-ray and MRI, do not involve 
eXtended discomfort, but they have been used With miXed 
results. The dif?culty here has been mostly in properly 
interpreting the form and structure of target tissue to diag 
nose a malignancy. 

[0009] As just indicated, radiation methods for detecting 
malignancies have depended on an interpretation of the 
morphology of the tissue. For instance, to image tissue, 
X-ray technology depends on the density of the tissue being 
targeted. MRI, on the other hand, relies on the reaction of 
protons in the target tissue to a magnetic ?eld, in order to 
image the tissue and thereby determine its morphology. 
Using either technique, hoWever, When a malignancy has not 
groWn to a siZe Which can distinguish it from the morphol 
ogy of surrounding tissue, presently used radiation tech 
niques may be inadequate. Stated differently, presently used 
radiation techniques for distinguishing the morphology of a 
tissue have been generally unsatisfactory for detecting can 
cerous cells during their earliest rapid groWth stages. 

[0010] In light of the above, it is an object of the present 
invention to provide a method for the in situ imaging of a 
malignancy in a patient that is independent of the morphol 
ogy of the tissue. Another object is to provide a method and 
a system for targeting cells in an in situ tissue, according to 
the composition of the tissue. A further object is to provide 
a method for the in situ imaging of a malignancy Wherein a 
nutrient is selected to identify rapidly groWing cells based 
upon their use of the selected nutrient in cell division. 
Another object is to provide a method for determining the 
groWth rate of target cells in in situ tissue. Yet another object 
is to provide a method and a standard for determining the 
ef?cacy of a treatment of a malignancy in a patient. 
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SUMMARY OF THE PREFERRED 
EMBODIMENTS 

[0011] Asystem and method for identifying rapidly divid 
ing cells in in situ tissue in a patient in accordance With the 
present invention requires feeding the patient a nutrient 
enriched With 13C. According to Well knoWn functions of 
cellular physiology, the 13C enriched nutrient Will then be 
used by the cells of the in situ tissue to incorporate the 13C 
into the cells that result from cell division. 

[0012] Typically, the feeding of the patient eXtends over a 
period of 24 hours, and can be accomplished either orally or 
intravenously. Further, it is desirable to use nutrients con 
taining glucose enriched With 13C When the target tissue is 
non fatty, and to use nutrients containing amino acid 
enriched With 13C When the target tissue is fatty. 

[0013] After the nutrient enriched With 13C has been 
assimilated by the patient, the method of the present inven 
tion envisions using Well knoWn MRI techniques for the 
purpose of imaging the tissue containing 13C. These MRI 
techniques include placing the target tissue of the patient to 
be imaged in a magnetic ?eld. This portion of the patient is 
then radiated With rf energy that is tuned for nuclear reso 
nance With 13C. An evaluation of the resultant image for 
concentrations of 13C Within the target tissue Will determine 
Whether there is rapid cell groWth in the target tissue. 

[0014] The system of the present invention also envisions 
a possible subsequent procedure, to determine the groWth 
rate of a tumor or to evaluate treatment ef?cacy. Speci?cally, 
after a ?rst procedure has been completed, and after a 
predetermined period of time, the patient is again fed a 
nutrient enriched With 13C over a tWenty-four hour period. 
Again, the target tissue is imaged using MRI techniques. The 
image thus created in the second procedure is then compared 
With the image that Was created in the ?rst procedure. Based 
on this comparison, the change in the concentration of 13C 
can then be measured to determine the groWth rate of the 
tumor. Alternatively, the comparison can be made to shoW an 
absence or presence of rapidly groWing tissue to determine 
the ef?cacy of a treatment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The novel features of this invention, as Well as the 
invention itself, both as to its structure and its operation, Will 
be best understood from the accompanying draWing, taken 
in conjunction With the accompanying description, in Which 
similar reference characters refer to similar parts, and in 
Which: 

[0016] The Figure is a logic diagram of the steps involved 
in the method of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0017] A method for performing the steps of the present 
invention is shoWn in diagram form in the Figure and is 
generally designated 10. As indicated in block 12, the 
method 10 begins With a determination by a physician that 
a patient has a target tissue that may contain a possible 
malignancy. Once the target tissue has been identi?ed, the 
inquiry diamond 14 indicates that the question is presented 
as to Whether the target tissue is fatty. If the target tissue is 
non-fatty, block 16 of method 10 indicates it is necessary to 
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use nutrients containing glucose enriched With 13C. When 
the tissue is fatty, hoWever, inquiry diamond 14 is directed 
toWard block 18 Which indicates that a nutrient containing 
amino acids enriched With 13C is to be selected. Upon 
selection of the desired nutrient, feeding the patient is 
initiated as indicated by block 20. The feeding step 20 is 
typically accomplished over a period of tWenty-four hours, 
and can be accomplished either orally or intravenously. As 
indicated by block 22, at a predetermined time folloWing the 
feeding (block 20), alloWing for the unused portion of the of 
the enriched nutrient to disappear from the body, the step of 
radiating the target tissue is performed. 

[0018] Also shoWn in the Figure at inquiry diamond 24, 
the inquiry is made as to Whether this is a second procedure. 
Accordingly, if the ansWer to this inquiry 24 is no, a ?rst 
image is created as indicated by block 26. Speci?cally the 
present invention requires imaging With an MRI that is tuned 
for nuclear resonance With 13C. Creation of the ?rst image 
(block 26) is folloWed by another inquiry, diamond 28, 
regarding the presence of rapid cell groWth as delineated in 
the ?rst image. If the ansWer to the inquiry (diamond 28) 
regarding the presence of rapid cell groWth is “no,” the 
method 10 is concluded, as indicated by the oval 30 marked 
“End.” If, on the other hand, the ansWer to the inquiry 
(diamond 28) regarding rapid cell groWth is “yes,” a sub 
sequent procedure is performed. 

[0019] Depending on the information desired, if it is 
determined that rapid cell groWth is present (inquiry dia 
mond 28), the patient may be treated for the malignancy, as 
indicated by block 32. According to the parameters of a 
given treatment, after treating the patient (block 32), the 
steps of the ?rst procedure are repeated. These steps are 
namely feeding the patient a nutrient enriched With 13C 
(block 20) and radiating the target tissue (block 22). Upon 
completion of the radiation of the target tissue (block 22), 
the determination is again made concerning Whether this is 
a second procedure (inquiry diamond 24). The ansWer to this 
inquiry for a subsequent procedure Will be “yes,” and as 
indicated by block 34, a second image Will be created. The 
?rst image and the second image are then compared (block 
36), to determine the treatment efficacy (block 38). As 
shoWn in the Figure, this could end the process (oval 30). 

[0020] It is also envisioned by the method 10 of the 
present invention, that it may be desirable to ascertain the 
groWth rate of the malignancy. In this case, upon receiving 
a positive response for inquiry diamond 28, the method 10 
Will conduct a subsequent procedure. This subsequent pro 
cedure requires the steps of feeding the patient a nutrient 
enriched With 13C (block 20) and radiating the target tissue 
(block 22). Once again, the ansWer of inquiry diamond 24 
Will be “yes,” and as indicated by block 34, a second image 
is created. FolloWing the creation of the second image (block 
34) the ?rst and second images are compared (block 36). As 
shoWn in the Figure at block 40, the groWth rate can then be 
determined and the process Will have reached the end, 
indicated by oval 30. 

[0021] While the particular method for imaging in situ 
imaging malignant tumors using carbon 13 With MRI as 
herein shoWn and disclosed in detail is fully capable of 
obtaining the objects and providing the advantages herein 
before stated, it is to be understood that it is merely 
illustrative of the presently preferred embodiments of the 
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invention and that no limitations are intended to the details 4. A system as recited in claim 1 Wherein said nutrient is 
of construction or design herein shoWn other than as administered orally. 
described in the appended claims. 5. A system as recited in claim 1 Wherein said nutrient is 

What is claimed is: admlmstered mtrayenollsly' . . . . . . . 

. . . . . . . 6. A system for identifying rapidly dividing cells in in situ 
1. A system for identifying rapidly dividing cells of a . . . . _ 

. . . . . . . tissue of a patient WhlCh comprises. 
malignancy in in situ tissue of a patient, said system com 
prising; a nutrient enriched With 13C; 

a nutrient enriched With 13C; a means for administering said nutrient to the patient to 
_ _ _ _ _ _ provide 13C for use by the in situ tissue during cell 

means_ f0? admlmstermg Sald muffle?“ to the panent for 11$ division to incorporate said 13C into cells of the in situ 
gay in situ tissue during cell division to incorporate sa1d tissue; and 
C into cells of the in situ tissue; _ _ _ 13 _ _ 

_ _ _ _ _ _ _ _ a means for detecting a concentration of said C 1n the in 

means for Posltlonlng the ln 51m “$5116 m a magnet16 ?eld; situ tissue to identify rapidly dividing cells in the in situ 

means for radiating the in situ tissue in the magnetic ?eld nssue' _ _ _ _ _ _ 

With rf energy, the rf energy being tuned for nuclear 7. system as recited in claim 6'Where1n sa1d nutrient 
resonance With 13C to Create an image of the in situ contains glucose When the selected tissue is non fatty. 
tissue. and 8. A system as recited in claim 6 Wherein said nutrient 

_ _ _ 13 contains an amino acid When the selected tissue is fatty. 

means for evaluatlng the lmage f0? @{lcentratlons of C 9. A system as recited in claim 6 Wherein said nutrient is 
therein to identify the rapidly dividingcells. ' administered Orally 

2 system as melted 1n Clalm 1_Wher§1n Sald nument 10. Asystem as recited in claim 6 Wherein said nutrient is 
contains glucose When the selected tissue is non fatty. administered intravenously 

3. A system as recited in claim 1 Wherein said nutrient 
contains an amino acid When the selected tissue is fatty. * * * * * 


