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The pharmacokinetics of i.v. and superselective intra-arterial carbon-11 1,3-bis-(2-chioroethy1)-
1-nitrosourea ([11C]BCNU) were directly compared for the first time in ten patients with 
recurrent gliomas using positron emission tomography (PET). Intra-arterial administration of 
[11C]BCNU achieved concentrations of the drug in the tumor that averaged 50 times higher 
than with a comparable i.v. dose. These preliminary results suggest that the degree of early 
metabolic trapping of BCNU in tumor correlates with the clinical response to this 
chemotherapy. 
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VJFliomas make up -50% of primary intracranial 
tumors; of these, about half are grade III or grade IV. 
Systemic chemotherapy of these highly malignant le
sions has been disappointing, and the addition of i.v. 
chemotherapy to surgical resection and radiotherapy 
has not improved survival significantly (U). Of those 
agents now available for the treatment of intracere
bral gliomas, 1,3-bis- (2-chloroethyl)-l-nitrosourea 
(BCNU), a lipophilic alkylating agent, has proven the 
most effective (J-3). 

Recently it has been suggested that the intra-arterial 
administration of chemotherapeutic drugs can improve 
their efficacy {4-11). Theoretically, selective arterial 
injection into a major feeding artery of a glioma would 
be preferable to the more general administration of the 
drugs into the carotid or vertebral artery systems. Using 
this approach, we have obtained in some instances 
striking clinical responses. 

Cerebral imaging of carbon-11-labeled BCNU (["C] 
BCNU) using positron emission tomography (PET) 
made it possible to characterize the in vivo pharmaco
kinetics of BCNU, to compare the pharmacokinetics of 
i.v. and superselective intra-arterial administration of 
BCNU, and to correlate the clinical response with the 
predictive capability of these studies. 

Received June 5, 1985; revision accepted Feb. 5, 1986. 
For reprints contact: Jane L. Tyler, MD, Brain Imaging Center, 

Montreal Neurology Institute and Hospital, 3801 University, 
Montreal, Quebec, Canada H3A 2B4. 

METHODS 

Study Protocol 
Patients initially had dynamic PET scans following 

the i.v. injection of ~ 10 mCi [' 'C]BCNU. Subsequently, 
an angiographically placed two French silastic catheter 
with a radio-opaque tip was advanced through the 
internal carotid artery on the side of the tumor into a 
major tumor feeding vessel (72). This resulted in cath
eter placement either in the middle cerebral artery 
(MCA) or one of its branches. After correct catheter 
placement, an injection of ~ 500 nC\ of ["CJBCNU 
was made through this superselective catheter, and a 
second dynamic study was performed. Finally, once 
proper catheter position again had been confirmed by 
examining the intra-arterial ["CJBCNU study and an 
x-ray film of the skull, a therapeutic dose of nonradioac
tive BCNU (150 mg/nr body surface area), diluted in 
5% dextrose, was infused through the superselective 
catheter. 

Patient Population 
All patients had malignant gliomas of grade III or 

grade IV that had been previously proven by biopsy. 
All had undergone surgical resection of their tumors, 
and had received maximal radiotherapy to the tumor 
(6,000 rad). One patient (Patient 1) had received i.v. 
BCNU chemotherapy (80 mg/m2 on three consecutive 
days) 1 yr before this study. All patients had evidence 
of tumor recurrence on serial computed tomographic 
(CT) studies. All patients had angiograms demonstrat-
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ing a tumor arterial supply from the middle cerebral 
artery circulation; no angiogram demonstrated a hyper-
vascular tumor "blush." Informed consent was obtained 
from all patients before entry into the protocol. 

Radiopharmaceutical Synthesis 
BCNU labeled with ' 'C was produced on site by the 

l4N (p,«) "C reaction. The method of synthesis, previ
ously reported in detail (J3-16), involves the reaction 
of 2-chloroethyleneamine HC1 with "C-labeled phos
gene in dioxane at room temperature to yield "C-
labeled l,3-bis-(2-chloroethylene) urea. Nitrosation of 
this compound with NaNO: in formic acid produced 
BCNU labeled with "C in the carbonyl position. The 
radiolabeled compound had a specific activity of 30 
mCi/mmol or 140 mCi/mg. For i.v. studies, 10-15 mCi 
of ["CJBCNU were injected; for intra-arterial studies 
300-500 MCi were used. 

This method of ["CJBCNU synthesis, resulting in 
the introduction of the radiolabel on the carbonyl atom 
of the molecule ensures that, with BCNU decomposi
tion, the "C label remains attached to the isocyanate 
fraction, which is thought itself to have antitumor 
action (14). 

This method of BCNU labeling was chosen in pref
erence to placement of an 13N label on the nitroso group 
of BCNU. It has been shown that the presence of 13N 
label in the plasma after chloroform extraction indicates 
oxidative metabolism or denitrozation, and loss of the 
radiolabel from the pharamceutical {14). 

Scanning Procedures 
Images were obtained on the Therascan-3128, a two-

ring tomographic positron emission scanner (17,18), 
with a full width at half maximum resolution in the 
dynamic mode of 17 mm. Scans were started immedi
ately following the injection of the [1!C]BCNU intra
venously or intra-arterially. The scanning schedule was 
as follows: ten scans of 30 sec each, five scans of 2 min 
each, five scans of 5 min each, and finally one scan of 
10 min. At the completion of an intra-arterial study, 5 
mCi of gallium-68 ethylenediaminetetraaceticacid were 
injected intravenously. The patient was then scanned 
for 10 min to localize activity in the skull, so that the 
edge-finding algorithm during reconstruction could 
determine the correct skull boundary. 

Images were reconstructed using the Therascan 
standard software package, that includes automatic cor
rection of random coincidences, cross-calibration with 
the Nal (Tl) well-counter used to measure plasma 
radioactivity, normalization of detector sensitivity, at
tenuation correlation (79), and scatter correction 
(20,21). 

Data Analysis 
Multiple sequential images were obtained after both 

i.v. and intra-arterial injections of ["CJBCNU. Circular 

regions of interest 3 cm2 in size were placed over tumor 
tissue and over a corresponding region in the contralat
eral hemisphere, and time-activity curves were gener
ated. The curves were analyzed using a curve stripping 
technique. A slow exponential component was deter
mined by fitting the clearance curve data to the terminal 
flat portion of the time-activity data; this slow compo
nent was subtracted and the remaining activity at early 
times fitted with a single exponential curve. 

The count rates obtained from brain tissue in the 
contralateral hemisphere were too low after upper-se
lective intra-arterial injection to permit statistically sig
nificant curve analysis. Typical results obtained after 
i.v. (Fig. 1A) and superselective intra-arterial (Fig. IB) 
["C]BCNU administration are presented. 

Chemotherapy 
Following the intra-arterial ["CJBCNU study, the 

superselective catheter was left in place, and the patients 
received BCNU chemotherapy, 150 mg/m2 body sur
face area, diluted in a dextrose water solution (22) over 
a continuous 3-hr infusion. 

RESULTS 

Results are presented for i 2 completed procedures in 
ten patients; two females and eight males, ranging in 
age from 37 to 70 yr. 

In the half-life clearance curves of "C radioactivity 
from the brain, two distinct components can be iden
tified in each clearance curve (Table 1). After i.v. injec
tion, an initial fast curve component is seen with a 
T1/2 of 3.42 ± 0.95 min in tumor, and 3.08 ± 0.96 min 
in a homologous region in the contralateral hemisphere. 
The difference is not statistically significant (p = 0.40). 
After intra-arterial injection, a fast component is also 
seen with a T1/2 of 2.79 ± 1.38 min. Again, there is no 
significant difference in this fast component in tumor 
when the i.v. and intra-arterial studies are compared 
(p = 0.20). 

The second component of the i.v. "C radioactivity 
clearance curve differed significantly in tumor tissue, 
where the Tl/2 = 219 ± 130 min, compared with 
contralateral brain tissue, in which the Ti/2 = 52 ± 21 
min. Despite the large standard deviations, especially 
in tumor tissue, this difference is significant (p = 0.005). 
These findings are in keeping with clearance curve 
results previously reported (23). It is believed that this 
slow second component of the curve represents the 
breakdown products of ["CJBCNU; radioactivity 
bound to amino groups in proteins or nucleic acids in 
tissue (24). After 30 min, the majority of the "C radio
activity that is measured represents protein-bound 
breakdown products of BCNU rather than the intact 
drug. 

The second component of the tumor clearance curve 
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FIGURE 1 
Images obtained at 40 min after injection of [11C]BCNU by i.v. (A) and superselective intra-arterial (B) routes. 11C activity 
is observed to accumulate in right parietal tumor after i.v. injection (a = 9,009 Bq/cc, b = 6,149 Bq/cc). However, IA 
injection achieves both high tumor concentrations of activity as well as very low activity in surrounding and contralateral 
brain 

after intra-arterial injection of [nC]BCNU is much 
shorter (T1/2 = 20 ± 5 min) than the slow component 
after i.v. injection (p = 0.001). The longer second 
component seen after i.v. injection may be due at least 

TABLE 1 
Half-Life Clearance of 11C Radioactivity from Brain 

Patient no. 

1 

1a 

2 

3 

3a 

4 

5 

6 

7 

8 

9 

10 

Mean ± s.d. 

Intravenous 

Tumor 

3.05 
399.43 

2.97 
207.89 

3.91 
288.18 

2.80 
147.60 

3.38 
190.03 

2.54 
84.05 
5.40 

82.05 
3.60 

435.64 
4.70 

401.16 
3.28 

180.90 
1.81 

90.40 
3.54 

122.82 
3.42 ± 0.95 
219 ±130 

Normal tissue 

4.62 
50.00 

3.71 
34.87 

3.14 
110.73 

3.84 
57.89 
2.70 

38.20 
2.57 

31.81 
4.66 

33.99 
1.51 

63.97 
2.88 

35.02 
2.57 

57.85 
2.59 

58.60 
2.19 

51.20 
3.08 ± 0.96 

52 ± 2 1 

Intra-arterial 

Tumor 

1.42 
20.12 

1.26 
10.99 
3.60 

19.66 
2.61 

21.84 
1.12 

26.98 
5.34 

15.79 
3.58 

19.43 
5.04 

14.85 
2.47 

29.09 
1.80 

15.62 
2.52 

20.50 
2.67 

26.20 
2.79 + 1.38 

20 ± 5 

in part to the circulating [llC]BCNU breakdown prod
ucts binding to proteins, and leakage of this radioactiv
ity into the region of altered permeability in and around 
the tumor (23-27). 

Although quantitative measurements of blood flow 
were not made in this study, relative tumor blood flow 
can be estimated by comparing the heights of the peaks 
of the time-activity curves in normal tissue and in 
tumor after i.v. injection of a bolus (Table 2). The peak 
height tumors (tumor/normal tissue) ranged form 0.53 
to 1.66, with a mean of 1.02 ± 0.37. It is interesting to 
note that in two patients (1 and 3) who were treated 
twice with intra-arterial BCNU, the peak ratios de
creased by 37% and by 34%, respectively, after the first 
treatment, suggesting a relative diminution of tumor 
blood flow after the superselective intra-arterial chemo-

TABLE 2 
Ratio of Curve Peak Heights: Tumor/Normal Tissue 

Patient 
no. 

1 
1a 
2 
3 
3a 
4 
5 
6 
7 
8 
9 

10 

Ratio 

1.51 
0.95 
0.82 
0.80 
0.53 
1.12 
1.66 
0.92 
1.54 
0.71 
0.95 
0.71 
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therapy. When a paired t-test was applied to the peak 
heights in tumor and in normal tissue in these 12 cases, 
no significant difference was found (p = 0.50). 

The ratio of peak heights (tumor/normal tissue) after 
bolus intra-arterial injection demonstrated that signifi
cantly increased first-pass concentrations could be 
achieved by this injection route. These values were quite 
variable, however, (range 2.42-419.34) and did not 
correlate with the relative tumor/normal tissue blood 
flow as indicated by the i.v. peak height ratios. It should 
be noted that this ratio represents only the amount of 
the radiopharmaceutical extracted by the tumor on the 
first-pass and total-body distribution of the [!1C]BCNU 
reaching the contralateral brain. 

When comparing radioactivity achieved in tumor 
tissue relative to brain of the contralateral hemisphere, 
the intra-arterial injection gave an increase of up to 389 
times (mean = 48.9 times). The i.v. injection only 
achieved an increase of a maximum 1.7 times 
(mean = 1.2 times). 

Since it is known that BCNU is rapidly broken down 
into a variety of products (26,27), the initial portions 
of the clearance curves were carefully examined. At 10 
min after injection, the tissue radioactivity in tumor 
after i.v. and after intra-arterial injection were com
pared (Table 3). Two cases (Patients 4 and 7) in which 
striking tumor regression was seen after the BCNU 
chemotherapy, had 10-min values that were signifi
cantly greater (mean = 90.0 ± 13.0) than the values in 
the other ten cases. Patient 7, a 37-yr-old female with a 
left anterior temporal glioblastoma multiforme, had 
substantial reduction in the size of her tumor 2 wk after 
treatment. Patient 4, a 66-yr-old female with a right 
parieto-occipital grade III mixed glioma (Fig. 2A), had 
virtual disappearance of her tumor on computed to
mography scan 4 wk after treatment (Fig. 2B). Patient 
7 died 4 mo later as a complication of spinal cord 
metastases. Patient 4 had a recurrence of her tumor 6 
mo after intra-arterial treatment. Superselective cathe-

TABLE 3 
Tumor 11C Radioactivity Concentration 

Patient no. 

1 
1a 
2 
3 
3a 
4 
5 
6 
7 
8 
9 

10 

Intra-arterial study/ 
intravenous study" 

12.27 
19.16 
35.64 
39.56 
12.15 
81.32 
8.71 
2.46 

99.11 
13.41 
12.10 
26.89 

"Activity normalized per mCt/dose. 
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terization of a tumor-feeding vessel was again per
formed, and she again received 150 mg/m2 BCNU 
through this route. Her CT scans subsequently showed 
almost complete regression of the tumor, and scans 
remain without visible tumor 2 mo after that second 
treatment. 

In three cases (Patients 2, 3, and 10) intermediate 
ratios were seen at 10 min (mean = 34.0 ± 6.0). After 
the BCNU intra-arterial chemotherapy, these patients 
had a significant decrease in the size of their tumors, 
though less marked than the changes seen in the former 
two patients. In the remaining seven cases, low ratios 
were found (mean = 11.0 ± 5.0). These patients had 
either no change or only a slight decrease in size of their 
tumors. 

DISCUSSION 

Gliomas of high grade malignancy are uniformly 
fatal. Conventional treatment with surgery, maximal 
radiotherapy, and i.v. chemotherapy achieves a median 
survival of only 51 wk (2). Recently, theoretic models 
and experimental studies {4-11) have demonstrated 
that intra-arterial administration of chemotherapeutic 
agents can give much higher tumor concentrations of 
drug, without increasing systemic toxicity (77). It would 
be logical to extrapolate from this that a more selective 
arterial injection into a major tumor vessel would 
achieve an even more favorable benefit/risk ratio. 

In the present study, trace doses of [' 'CjBCNU were 
injected through such a superselective arterial catheter, 
dynamic PET images obtained, and the data then com
pared to results after i.v. injection. Tissue UC time-
activity curves were generated for both studies, and 
these results (Table 1) were in good agreement with 
previous work (14,23-25,28). The initial fast compo
nents of the clearance curve were proportional to blood 
flow. Half-lives for the first component were similar in 
tumor and in tissue in the contralateral hemisphere and 
were independent of route of injection. In contrast, 
half-lives obtained for the second curve components 
differed significantly from one another in length. This 
suggests a difference between tumor and normal brain 
in the chemical and metabolic decomposition of 
BCNU. Since !1C radioactivity cleared more slowly 
from tumor than from normal brain, decomposition of 
BCNU probably occurred at a higher rate in the tumor 
itself, resulting in "metabolic trapping" of the [HC] 
BCNU breakdown products. Intact [' 'C]BCNU, due to 
its high lipid solubility, is free to diffuse out of normal 
tissue. The decomposition process, yielding such prod
ucts as 2-chloroethyI isocyanate (25,29), results in the 
tissue trapping of the breakdown products by virtue of 
their binding to proteins and/or nucleic acids. These 
decomposition products of BCNU have been shown to 
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FIGURE 2 
Computed tomography brain scans of Patient 4 prior to (A) and 4 wk after (B) superselective intra-arterial BCNU 
chemotherapy 

have antineoplastic properties (30-33). Rapid BCNU 
decomposition in tumor could produce a concentration 
gradient between tumor and the surrounding brain, 
resulting in greater absolute amounts of BCNU 
reaching the tumor. 

As shown in Table 2, increased tumor blood flow 
cannot explain the accumulation of n C radioactivity in 
tumor since the peak heights on i.v. injection did not 
differ significantly in tumor, and in normal tissue (p = 
0.50). Neither can decreased tumor blood flow be cited 
as a cause of delayed clearance of activity from the 
tumor. 

Intravenous administration of ["CJBCNU achieved 
a mean tumonnormal tissue ! ,C radioactivity concen
tration of 1.2:1, matching our previous finding (23). As 
predicted, comparable doses of ["CJBCNU given by 
the superselective intra-arterial route achieved much 
higher ratios, in the order of 50:1. Thus, for a given 
dosage of BCNU, the superselective administration re
sults in greatly increased delivery of drug to the tumor, 
and consequent sparing of normal brain from the 
chemical agent. 

Due to the unstable nature of BCNU and its rapid 
decomposition, it is necessary to examine early tissue 

activity for an index of the "metabolic trapping" of 
BCNU. The tissue concentrations of "C radioactivity 
at 10 min after injection (Table 3) demonstrate that 
two of the seven cases (4 and 7) differed significantly 
by having increased metabolic trapping of BCNU after 
the superselective intra-arterial injection. These two 
patients differed significantly from the others in having 
marked tumor regression or disappearance after BCNU 
chemotherapy. Further PET studies of cerebral glucose 
metabolism, oxygen utilization, protein synthesis, and 
cerebral pH may identify those patients for whom a 
significant response to this treatment may be predicted. 

CONCLUSION 

Preliminary results have shown significant advan
tages of superselective intra-arterial as compared to i.v. 
routes of [nC]BCNU injection, with higher tumor con
centrations of BCNU and sparing of normal tissue. Two 
cases with striking tumor regression showed higher de
grees of initial metabolic trapping of [nC]BCNU, indi
cating that this may prove useful in predicting a 
favorable clinical response. 

Volume 27 • Number 6 • June 1986 779 



ACKNOWLEDGMENTS 

This research was supported by the Cone Memorial Re
search Fund and the Give Baxter Research Fund of the 
Montreal Neurological Institute. The authors thank Ms. C. 
Elliot for her assistance in the preparation of the manuscript. 

REFERENCES 

1. Walker MD, Alexander E Jr, Hunt WE, et al: Evalu
ation of BCNU and for radiotherapy in the treatment 
of anaplastic gliomas. A cooperative clinical trial. J 
Neuwsurg 49:333-343, 1978 

2. Walker MD, Green SB, Byar DP, et al: Randomized 
comparisons of radiotherapy and nitrosoureas for the 
treatment of malignant glioma after surgery. N Engl J 
Med 303:1323-1329. 1980 

3. Wilson CB: Brain tumors. N Engl J Med 300:1469-
1471, 1979 

4. Eckman WW, Patlak CS, Fenstermacher JD: A critical 
evaluation of the principals governing the advantages 
of intra-arterial infusions. J Pharmacokinet Biophar-
macokinei 2:257-285, 1974 

5. Fenstermacher JD, Cowles AL: Theoretic limitations 
of intracarotid infusions in brain tumor chemother
apy. Cancer Treat Rep 61:519-526, 1979 

6. Levin VA, Kabra PM, Freeman-Dove MA: Pharma
cokinetics of intracarotid artery 14C-BCNU in the 
squirrel monkey. J Neuwsurg 48:587-593, 1978 

7. Avellanosa AM, West CR, Barua NR, et al: Treatment 
of malignant CNS gliomas by intra-arterial BCNU 
infusion. Proc AM Assoc Cancer Res ASCO 20:384, 
1979{abstr) 

8. Yamada K, Bremer AM. West CR, et al: Intra-arterial 
BCNU therapy in the treatment of metastatic brain 
tumor from lung carcinoma. Cancer 44:2000-2007, 
1979 

9. Greenberg HS, Ensminger WD, Seeger JF, et al: Intra
arterial BCNU chemotherapy for the treatment of 
malignant gliomas of the central nervous system: A 
preliminarv report. Cancer Treat Rep 65:803-810, 
1981 

10. Yamashita J, Handa H, Tokuriki Y, et al: Intra-arterial 
ACNU therapy for malignant brain tumors. Experi
mental studies and preliminary clinical results. J Neu
wsurg 59:424-430, 1983 

11. Greenberg HS, Ensminger WD, Chandler WF, et al: 
Intra-arterial BCNU chemotherapy for the treatment 
of malignant gliomas of the central nervous system. J 
Neuwsurg 61:423-429, 1984 

12. Theron J, Villemure JG, Worthington C, et al: Super-
selective intracerebral chemotherapy of malignant tu
mors with BCNU. Neuroradiologic considerations. 
Neuwradiol: in press 

13. Diksic M, Farrokhzad S, Yamamoto YL, et al: 
"C- and l3N-labelled BCNU and its in vivo pharma-
cokinetical studv with PET. J Labd Compd Radi-
opharm 19:1394^ 1982 

14. Diksic M, Farrokhzad S, Yamamoto YL, et al: Syn
thesis of "no-carrier added" "C labelled BCNU. J 
Nucl Med 23:895-899, 1982 

15. Diksic M, Jolly D, Farrokhzad S: An on-line synthesis 
of "no-carrier added" nC-phosgene. J Nucl Med Biol 
9:283-285, 1982 

16. Farrokhzad S, Diksic M, Yamamoto YL, et al: Syn
thesis of 18F-labelled 2-fluoroethyl-nitrosoureas. Can J 
Chem 62:2107-2112, 1984 

17. Thompson CJ, Yamamoto LY, Meyer E: Positome II: 
A high efficiency positron imaging device for dynamic 
brain studies. IEEE Trans Nucl Sci NS-26:583-589, 
1979 

18. Cook BE, Evans AC, Fanthome EO, et al: Perform
ance figures and images from the Therascan 3128 
positron emission tomograph. IEEE Trans Nucl Sci 
NS-31:640-644, 1984 

19. Bergstrom M, Litton J, Eriksson L, et al: Determina
tion of object contour from projections for attenuation 
correction in cranial positron emission tomography. J 
Comp Assist Tomogr 6:365-372, 1982 

20. Cooke BE, Evans AC: A phantom to assess quantita
tive recovery in positron tomographs. J Comput Assist 
Tomogr 7:876-880, 1983 

21. Strother SC, Thompson CJ, Evans AC: Testing quan
titation in PET. J Nucl Med 25:P\07, 1984 (abstr) 

22. Ross RL, Kapp JP, Hochberg F, et al: Solvent systems 
for intracarotid l,3-bis(2-chloroethyl)-l-nitrosourea 
(BCNU) infusion. Neurosurgery 12:512-514, 1983 

23. Diksic M, Sako K, Feindel W, et al: Pharmacokinetics 
of positron-labelled 1,3-bis (2-chloroethyl) nitrosourea 
in human brain tumors using positron emission to
mography. Cancer Res 44:3120-3124, 1984 

24. Levin VA, Hoffman W, Weinkam RJ: Pharmacoki
netics of BCNU in man: A preliminary study of 20 
patients. Cancer Treat Rep 62:1305-1313,1978 

25. Sako K, Diksic M, Farrokhzad S, et al: Pharmacoki
netics of ' 'C-BCNU in experimental brain tumor. J 
Neuro-Oncol: in press 

26. Montgomery JA, James K, McCaleb GS, et al: The 
modes of decomposition of l,3-bis(2-chloroethyl)-l-
nitrosourea and related compounds. J Med Chem 
10:668-674, 1967 

27. DeVita J, Denham C, Davidson JD, et al: The phys
iological disposition of the carcinostatic l,3-bis(2-chlo-
roethyl)-l-nitrosourea (BCNU) in man and animals. 
Clin Pharmacol Ther 8:566-577, 1967 

28. Diksic M, Farrokhzad S, Yamamoto YL, et al: Syn
thesis of "no carrier added" "C-nitrosoureas. Ra-
dioanal Nucl Chem 89:45-54, 1985 

29. Digenis GA, Cheng YC, McQuinn RL, et al: l3N 
labelling of a substituted nitrosourea. Its carbamate 
and nitrosocarbanyl: In vivo and in vitro studies. In 
Short-Lived Radionuclides in Chemistry and Biology, 
Root JW, Krohn KA, eds. American Chemical Society 
Washington, 1981, pp 351-367 

30. Colvin M, Brundrett RB, Cowans W, et al: A chemical 
basis for the antitumor activity of chloroethylnitrosou-
reas. Biochem Pharmacol25:695-699, 1976 

31. Kohn KW: Interstrand cross-linking of DNA by 1,3-
bis (2-chloroethyl)-1-nitrosoureas. Cancer Res 
37:1450-1454, 1977 

32. Lown JW, McLaughlin LW, Chang Y-M: Mecha
nisms of action of 2-haloethylnitrosoureas on DNA 
and its relation to their anti-leukemia properties. 
Bioorg Chem 7:97-110, 1978 

33. Aukerman SL, Brundrett RB, Hilton J, et al: Effect of 
plasma and carboxylesterase on the stability, mutagen
icity, and DNA cross-link activity of some direct-
acting N-nitroso compounds. Cancer Res 43:175-181, 
1983 

780 Tyler, Yamamoto, Diksic et al The Journal of Nuclear Medicine 


