St

AD

AWARD NUMBER DAMD17-94-C-4064

Non-Invasive Detection of Axillary Nodes by Contrast

TITLE:
Enhanced Magnetic Resonance Imaging

Jason A. Koutcher, M.D., Ph.D.

PRINCIPAL INVESTIGATOR:

Sloan-Kettering Cancer Center

CONTRACTING ORGANIZATION:
New York, New York 10021

REPORT DATE: August 1996

TYPE OF REPORT: Annual

PREPARED FOR: Commander
U.S. Army Medical Research and Materiel Command

Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited

The views, opinions and/or findings contained in this report are
and should not be construed as an official

those of the author(s)
Department of the Army position,
designated by other documentation.

policy or decision unless so

DTIC QUALITY INSPECTED ¢

v80 11908661



(oY

REPORT DOCUMENTATION PAGE Form Approved

OMB No. 0704-0188

Public reporting burden for this collection of inf ion is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and ing and reviewing the of i Send vegardmg this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Di for ions and Reports, 1215 Jsfferson
Davis Highway, Suite 1204, Arfington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project {0704-0188), Washington, DC 20503.
1. AGENCY USE ONLY /Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
August 1996 Annual (16 Sep 95 - 15 Sep 96)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Non-Invasive Detection of Axillary Nodes by Contrast Enhanced Magnetic Resonance |DAMD17-94-C-4064
Imaging

6. AUTHOR(S)
Jason A. Koutcher, M.D., Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESSIES) 8. PERFORMING ORGANIZATION
Sloan-Kettering Cancer Center REPORT NUMBER
New York, New York 10021

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESSIES) 10. SPONSORING / MONITORING
U.S. Army Medical Research and Materiel Command AGENCY REPORT NUMBER
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for public release; distribution unlimited

13. ABSTRACT /Maximum 200 words/
During the prev1ous year, we completed the animal studies (ﬁrst phase) of the proposed
research using contrast enhanced magnetic resonance imaging for detecting tumor
bearing nodes. The R3230AC mammary carcinoma or Freund’s adjuvant was injected
into the superior aspect of the foot which resulted in metastatic tumor or inflammatory
nodes in the politeal area. Studies were done when the nodes were small (4-6 mm) to
accurately model the clinical diagnostic question of whether patients have metastatic
disease in the axillary nodes. A total of 8 sequences were studied to determine if AMI-
227 could enhance discrimination between tumor and inflammatory nodes. The fast spin
echo (FSE) sequence resulted in best discrimination between inflammatory and tumor
bearing nodes. Statistically significant differences were noted between the two groups
but there was significant overlap between the two populations, suggesting that, for small
nodes (4-6 mm), the technique may not be diagnostic.

14. SUBJECT TERMS
breast cancer

15. NUMBER OF PAGES
14

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION OF THIS {19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT PAGE OF ABSTRACT
Unclassified Unclassified Uncalssified Unlimited
NSN 7540-01-280-5500 Standard Form 298 {Rev. 2-89) USAPPC V1.00

Prescribed by ANSI Std. Z39-18 298-102




FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

Where copyrighted material is quoted, permission has been
obtained to use such material.

Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

Citations of commercial organizations and trade names in
this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

<" In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals," prepared by the Committee on Care and use of Laboratory
Animals of the Institute of Laboratory Resources, national
Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

“//;n conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

In the conduct of research utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Iiﬁg;Ving Recombinant DNA Molecules.

In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

PI - S?%%ature Date



Table of Contents

Cover

SF 298

Foreword

Table of Contents

Introduction ......iiiiiii ittt it i i, 5
2T 5
CONCIlUSIONS vttt ittt ettt n it aeesanenenns 6
RefereNnCes ...ttt ittt ittt eearnenannns 8
Table 1 ..ttt it ettt eenetneaaenannnan 9
Table 2 ..t i i e e e i e e 10
= 11
Figure L.ttt ittt it ettt e e tieeanens 12



Introduction:

The initial proposed study was to evaluate the use of a contrast agent, AMI-227
(Combidex), to enhance discrimination between inflammatory and tumor bearing nodes,
using the R3230AC mammary carcinoma model in rats. The previous report outlined
some of the difficulties the project encountered because of the change in animal model
requested by the Army (i.e. failure of the lymph nodes to grow, or when they did grow
they were small, <2 mm). Thus the second year of the project focused on the study
proposed for the initial year, and permission was obtained from the Army to use to
initially proposed model. Attached is an abstract (Appendix 1).

In addition, since the results indicated that AMI-227 would not have high specificity, we
began work on a second project, which was agreed to, both before and subsequent to, a
site visit. This project has proposed to study two human tumor models, a hormone
sensitive tumor (MCF-7), and a hormone resistant tumor (likely to be MDA-MB-468),
and its response to a 3 drug combination of metabolic inhibitors, which we found in
preliminary work to very effectively enhance the efficacy of radiation. Some preliminary
studies from this work are presented.

Body (Results/Discussion):

R3230AC mammary carcinoma and Freund’s adjuvant were injected on the superior
aspect of the foot as initially proposed. It was decided to try several additional pulse
sequences so a total of 8 sequences instead of the original 2 were obtained on all rats
studied. The Contrast to Noise Ratio (CNR) relative to muscle was measured pre and
post injection of Combidex to determine if the injection of this agent enhanced the
discrimination between tumor and adjacent tissue, compared to and inflammatory lesion.
Table 1 is a list of pulse sequences studied and Table 2 summarizes the percent tumor for
the tumor bearing rats studied, based on histopathologic analyses. Corresponding data is
not presented for the inflammatory nodes since they were virtually 100% inflammatory.
Tumor nodes were between 4 and 6 mm at the time of study. Imaging parameters
included field of view = 80 x 80 mm, 128 x 256 in plane resolution, 2 mm thick slices
with a 0.5 mm gap between slices.

Statistically significant changes in CNR were observed for the FSE sequences at all three
echo train lengths. None of the other pulse sequences produced significant changes in
CNR between tumor and inflammatory nodes. Despite the statistically significant
changes in CNR seen with the fast spin echo (FSE) sequences, Fig. 1 demonstrates
significant overlap between tumor and inflammatory nodes. The middle column
represents samples wherein tumor was not present.

The likely explanation for the unsuccessful outcome lies in the size of the tumor. Ina
previous study from this laboratory using a prostate tumor model, excellent
differentiation was noted between tumor and inflammatory nodes. Those nodes were
typically 13-14 mm. In contrast, these experiments utilized a different tumor, but also the
size of the nodes were between 4 and 6 mm. These small nodes, with a wide diversity of
tumor involvement, often showed evidence of inflammation as part of the metastatic



tumor involvement, often showed evidence of inflammation as part of the metastatic
process. It is likely that the presence of both inflammation and tumor has led to the poor
results of the study.

Figure 2 shows a preliminary study on an MCF-7 tumor implanted in the mammary fat
pad of a mouse. The peaks are identified in the legend of the figure. The spectra were
obtained using a 1-dimensional chemical shift imaging sequence (1) which we have used
previously (2) for volume localization. Prior to spectral acquisition, an image is obtained
for precise determination of the tumor location to ensure that the data analyzed contains
only tumors. The tumors are measured by calipers before study and the slice thickness
confirmed in the imaging study. A slice thickness for acquisition of spectral data smaller
than the tumor thickness in that dimension is selected to ensure minimal contributions
from normal adjacent tissue (muscle). Treatment with the three drug combination (N-
(phosphonacetyl)-L-aspartate (PALA), methylmercaptopurine riboside (MMPR), 6-
aminonicotinamide (6AN)) (PALA (100mg/kg) is administered at t=-17 hours, MMPR
(150mg/kg) +6AN (10mg/kg) at t=0 hours) (3) is noted to cause a loss of high energy
phosphates (phosphocreatine and nucleoside triphosphates) relative to inorganic
phosphate (Pi). In addition, there is the presence of a new peak, assigned to 6-
phosphogluconate (based on previous studies (4,5). Quantitation of each of the
metabolites will also be done after the data acquisition for the experiment has been
completed.

Preliminary data have also been obtained on the effect of 15 Gy of radiation on tumor
growth in this model. Table 3 shows the effects to date on a cohort of 10 tumor bearing
mice showing that there is approximately a 7 day period without increase in the tumor
volume. This study is ongoing, including cohorts receiving saline, PALA +
MMPR+6AN, and PALA+MMPR+6AN -+radiation. These data have not been
quantitated since the data are early.

Conclusions

A. AMI-227 results in an increase in contrast between tumor bearing and inflammatory
nodes, particularly using the fast spin echo sequence. However, in this study,
wherein small nodes were studied (in contrast to a previous study wherein nodes ~14
mm were studied), there is significant overlap in the contrast-to-noise ratio between
tumor and inflammatory nodes. This is likely to be due to the study of smaller nodes,
since there is an inflammatory component to the tumor bearing nodes. In the small
nodes, this inflammatory component may result in lack of discrimination between
tumor bearing and inflammatory nodes.

B. Preliminary studies on the revised proposal of investigating the effect of a three drug
combination (PALA, MMPR, 6AN) on the effect of metabolism, demonstrate similar
results to that noted previously in a murine tumor study (3-5). Studies are ongoing to

1. complete the acquisition of NMR spectra of tumor bearing mice treated with this
combination and quantitate the results



2. Study the effect of these drugs on radiation sensitivity.
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Table 1

Pulse Sequences TR/TE

T2 weighted Fast Spin Echo(FSE) 4000/105
Echo train length (ETL) = 8,16,32

Proton Density (PD) Fast Spin Echo 4000/15
Echo Train Length = 8, 16,32

Gradient Recalled Echo (GRE) 150/20

T2 weighted conventional spin echo (CSE) 2000/20,80



Table 2

Animal #
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Per Cent Tumor/Pathologic Evaluation

0

95

5 (very reactive)
0 (all reactive)
Tumor outside node; no tumor in the node
95

95 — necrotic
100

100

85

100

95

5

95 — necrotic

55 —inside tumor; tumor also outside node
85

100

100

40

95

95

75



Table 3 Effect of 15 Gy on Tumor Growth (MCF-7)

Animal # Tumor Volume
Day 0 Day 7
1 136 136
2 146 128
3 139 158
4 114 150
5 146 114
6 122 120
7 157 174
8 116 98
9 160 129
10 128 144
Mean 136.4 135.1

Std Dev. 16.2 223
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Fig. 1 Per cent change in contrast after injection of AMI-227 (Combidex). The
inflamma fory nodes show a small decrease in contrast and are all similar. The tumor

bearing nodes have great variability in their response to AMI-227. Similar results were
obtained with echo train lengths (ETL) of 16 and 32.
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Fig. 2. 31P NMR spectra obtained pre (bottom), 3 (middle) and 10 (top) hours after
MMPR + 6AN. Peaks include B= phosphocholine, C=phosphoethanolamine,
D=inorganic phosphate, E=glycerophosphocholine, F=glycerophosphoethanolamine, G=
phosphocreatine, H=y nucleoside triphosphate (NTP), I= aNTP, J=diphosphodiesters,
K=BNTP. Note the appearance of a peak to the left of peak B which is 6-
phosphogluconate, which is present at 3 and 10 hours.
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Appendix 1 - to be presented at the Radiological Society of N. AMerica in 11/97

MR Lymphography with Superparamagnetic Iron Oxide

Purpose: To determine if the administration of Combidex (Code 7227) a superparamagnetic iron
oxide contrast agent, will discriminat¢ tumor from inflammatory lymphadenopathy in a mam-

mary carcinoma model and to determine the effect on contrast of various pulse sequence parame-
ters.

Materials and Methods: 25 Fischer rat hind paws were treated with a mammary carcinoma tumor
model, R3230AC, and were imaged at 1.5T before and after IV Combidex administration. Nine
Fischer rat hind paws were injected with Freundls adjuvant to induce an inflammatory response
in popliteal lymph nodes and similarly imaged. Conventional spin echo (CSE) (2000/20,80), fast
spin echo (FSE-T2 and FSE-PD) (4000/105 and 4000/16 with ETLs of 8,16,32), and gradient
echo images were acquired. Contrast to noise ratios (CNR) relative to muscle were calculated for

each sequence and histopathologic correlation was obtained for all lymph nodes.

Findings: Histopathologic analysis revealed tumor in 23 of 25 rat lymph nodes treated with the
mammary carcinoma model. The mean change in CNR for the inflammatory lymph nodes for the
FSE-T2 sequence were -40.1%, -47.3% and -43.2% with ETL0s of 8, 16 and 32, respectively,
and 3.7%, 6.1% and -9.2% for the tumor-bearing nodes. The mean change in contrast for the
inflammatory nodes for the FSE-PD sequence were -59.1%, -55.5%, and -53.85% with ETL0s of
8, 16 and 32 respectively and -65.2%, 28.8% and 37.8% for tumor bearing nodes (not sig-
nificant). The greatest changes in CNR were seen with the gradient echo sequence (79+ 0.4%),
however, no statistically significant differences between inflammatory and tumor- bearing lymph
nodes were seen with the CSE and gradient echo sequences. Changes in ETL did not
significantly alter the CNR for either the inflammatory or tumor-bearing nodes.

Conclusion: The greatest difference in contrast to noise loss between inflammatory and
neoplastic lymph nodes were seen on the fast spin echo pulse sequence. Echo train length did not

affect CNR. Both inflammatory and tumor-bearing lymph nodes showed CNR loss with the other
pulse sequences. |

Take home points:
1. The ability to distinguish inflammatory from neoplastic lymph nodes is aided with Combidex.

2. Pulse sequence paramaters greatly affect the contrast to noise and the ability to discriminate
between types of lymphadenopathy.



