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Summary. The experimental and clinical effects of ACNU
so far recorded in Japan are reviewed. ACNU was highly
effective in leukemia L-1210 and in other types of leu-
kemias, ascites tumors, and solid tumors of mice and rats.
On the basis of the results of phase I study, the maximum
clinically tolerable single dose of ACNU was
101.8—135.7 mg/m? at a time, and the total acceptable
dose was 300—600 mg. The desirable interval between
doses was 6—8 weeks. Phase II study revealed that ACNU
seemed to be effective against small-cell carcinoma of the
lung, brain tumors, Hodgkin’s disease, and chronic my-
elocytic leukemia. In the treatment of small-cell carci-
noma of the lung ACNU reduced the rate of brain me-
tastasis and prolonged the survival of patients.

Introduction

After the development of (1-methyl-1-nitroso-3-nitro-
guanidine) (MNNG) in 1959, extensive developmental
work on the nitrosoureas yielded 1,3-bis(2-chloroethyl)- 1-
nitrosourea (BCNU), 1-(2-chloroethyl)-3-cyclohexyl-1-
nitrosourea (CCNU), and 1-(2-chloroethyl)-3-(4-methyl-
cyclohexyl)-1-nitrosourea (methyl-CCNU) one after
another in the United States [3]. There are numerous
reports on the antitumor effect of these three kinds of
nitrosureas in animal experiments and clinical trials [3].
The definitive spectrum of activity of BCNU, CCNU, and
methyl-CCNU as a single agent has been established by
the accumulated data of the Cancer Therapy Evaluation
Program of the National Cancer Institute in the United
States [3, 34, 36]. These three nitrosoureas have recently
been used as combined chemotherapeutic agents in brain
tumors, Hodgkin’s disease, malignant lymphoma, lung
cancer, and colorectal cancers. In addition to these ni-
trosoureas, streptozotocin and chlorozotocin are under
clinical trial in the United States [4].
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Fig. 1. Structure of ACNU

ACNU (1-(4-amino-2-methyl-5-pyrimidinyl)methyl-
3-(2-chloroethyl)-3-nitrosourea hydrochloride) (Fig. 1)
was synthesized in 1974 at the Central Research
Laboratory of Sankyo Co. Ltd. by Nakao et al. [1, 31].
ACNU is characterized by its chemical property of being
water-soluble, like chlorozotocin in the Phase II study in
the United States [4] and unlike the lipid-soluble deriv-
atives such as BCNU, CCNU, and methyl-CCNU. Par-
enteral administration of BCNU, CCNU, and methyl-
CCNU is hampered by their high lipid solubility. ACNU,
on the other hand, has a high water solubility as a hy-
drochloride, and is therefore easily administered by the in-
travenous route.

The results of an in vitro study of ACNU revealed the
possibility that the drug is taken up into cells rapidly to ex-
ert its antitumor effect through alkylation of DNA and
carbamoylation of proteins [22].

The phase I study of ACNU was finished in Japan in
1974 [5]. Phase II studies followed, with investigation of
various kind of tumors. At present, phase III studies of
ACNU in combination chemotherapy of small-cell car-
cinoma of the lungs and gastrointestinal malignancies are
under way.

In this report, both the experimental and the clinical
data so far recorded on ACNU in Japan are reviewed and
the efficacy of ACNU against small-cell carcinoma is
discussed with special emphasis.

1. Effect of ACNU on Experimental Tumors

ACNU exerts its antitumor effect against various kinds of
experimental tumors, as shown in Table 1. Shimizu and
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Table 1. Maximum effect of ACNU on experimental tumors
[12, 28, 31, 32]

Tumors Animal strain Effect®
Mice tumors
Leukemia and ascites tumors
Lymphoid leukemia L1210 BDF, +4++
Myeloid leukemia C1498 C57BL/6 +++
Plasmacytoma X5563 C3H/He +++
Ehrlich ascites carcinoma ICR/JICL +++
Sarcoma 37 ICR/JCL +
Mammary tumor MM 102 C3H/He ++
Mammary tumor FM3A43 C3H/He +++
Solid tumors
Plasmacytoma C3H/He +++
Ehrlich carcinoma ICR/ICL ++
Sarcoma 37 BDF, +
Adenocarcinoma 755 BDF, +
Meningeal sarcoma MS147 BDF, ++
Rat tumors
Ascites tumors
AH13, AH130, AH44 Donryu Rty
Solid tumor
Sato lung carcinoma Donryu +4++

2 Antitumor activity of the compound was assessed as the increase in
lifespan over that of the controls in ascites tumors, and as the reduction
in tumor diameter relative to that of the control on the 14th day after
transplantation of solid tumors.

Antitumor activity was graded as —, 0~ 24; +, 25~ 50; +,
51 ~ 100; ++ 100 ~ 200; +++, 201 or more in ascites tumors, —,
0~ 254,26 ~50,+,51 ~75; ++, 76 ~ 95; +++, 96 ~ 100 (%) re-
duction in solid tumors

Arakawa tested ACNU for its activity against lymphoid
leukemia L-1210 in BDF, mice [31] and reported that it
was highly effective following either parenteral or oral
administration [1, 32]. ACNU was also shown to be
effective, against myeloid leukemia C1498 (C57BL/6),
plasmacytoma X5563 (C3H/He), Ehrlich ascites carci-
noma (ICR/JCL), mammary tumor MM 102 (C3H/He),
and mammary tumor FM3A43 (C3H/He) of mice as well
as against ascites hepatic carcinomas AH 130, AH 13,
and AH 44 of rats (Donryu) [12, 32]. In addition to these
leukemias and ascites tumors, ACNU has been shown to
be highly effective against solid plasmacytoma X5563
(C3H/He), Ehrlich carcinoma (ICR/JCL) and meningeal
sarcoma MS147 (BDF)) of mice as well as against Sato
lung carcinoma of rat [28, 32]. On the other hand, it is not
particularly effective against sarcoma 37 (BDF) or ad-
enocarcinoma 755 (BDF,) [32].

2. Phase I Study of ACNU [5]

The phase I study of ACNU was conducted in 1974, with
participation by 20 hospitals in Japan. Subjective side

effects such as general fatigue, nausea, vomiting, and
anorexia appeared 1—6 h after administration in about a
third of the patients who received more than 101.8 mg
ACNU/m? as a single dose. However, these side effects
were transient and most of them required no special treat-
ment and disappeared within 24 h after administration of
the drug [5]. ACNU caused delayed myelosuppression on
the hematopoietic organs. Leukopenia (less than
4000/mm®) appeared in the 4th or 5th week after ad-
ministration, with the nadir occurring after the 5th week
[5, 27]. On the other hand, thrombocytopenia (less than
7 x 10*/mm®) developedin the 3rd or 4th week, and its na-
dir was noted 4 weeks after the drug was given [5, 27].
These hematological side effects of ACNU would be the
dose-limiting factors in its application. Almost no abnor-
mal findings were noted in blood chemistry or renal func-
tion after ACNU administration except for slight in-
creases of SGOT and SGPT observed in less than 5% of
the patients. No side effects were observed in the central
and peripheral nervous, circulatory, or respiratory sys-
tems.

On the basis of the results of the phase I study, it can
be concluded that the maximum clinically tolerable dose
of ACNU would be 101.8—135.7 mg/m? at a time, that
the total acceptable dose would be 300—600 mg and that
the desirable interval between doses would be 6—8
weeks.

3. Clinical Efficacy of ACNU

Table 2 summarizes the clinical efficacy of ACNU as a
single agent in 390 evaluable patients with tumors of
various organs, as reported to date in Japan. In these
studies, ACNU was administered in doses of more than
67.9 mg/m? at a time, and the total dose for each patient
was more than 100 mg. In the case of solid tumors, a
responder was defined as a patient in whom all the clinical
evidence of an active tumor had disappeared (complete
response: CR) or in whom there was a reduction of more
than 50% of the sum of the products of the perpendicular
diameters of a measurable lesion (partial response: PR)
lasting for at least 4 weeks in the absence of a significant
increase in any one lesion or the appearance of a new
lesion. The therapeutic efficacy of ACNU against leu-
kemia and myeloma was based on the standard evaluation
criteria proposed by the World Health Organization
(WHO). ACNU produced an overall response rate of
20.3% in the 390 cases. The response rates for patients
with various organs are listed in Table 2.

The response was first observed between 1 and 3
weeks after the initiation of treatment with ACNU (within
1 week in half the patients). The duration of the response
varied from patient to patient, ranging from 2 to 34 weeks
[271.
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Table 2. Summary of activity of ACNU alone in various tumors

Tumor type No. of responders?/ References
no. of evaluable
patients (%)
Lung cancer 23/115  (20.2) 8, 13, 17, 18, 21, 25, 27, 29, 33
Squamous-cell carcinoma 5/28 (17.9)
Adenocarcinoma + large-cell carcinoma 3/36 8.3)
Small-cell carcinoma 14/30  (46.7)
Unknown 1/21 (4.8)
Carcinoma of digestive organs 11/93 (11.8) 2, 13, 14, 17, 18, 21, 25, 29, 33
Gastric cancer 6/50  (12.0)
Colorectal cancer 2/21 9.5)
Malignancy of liver, pancreas, biliary tract 3/22 (13.6)
Head and neck cancer 3/7 (42.9) 13, 27, 33
Uterine cancer 3/14 (219 10, 13, 29
Other carcinomas 2/38 (5.3) 10, 13, 17, 18, 25, 27, 29, 33
Brain tumor 21/50 (42.0) 11, 19, 30
Hodgkin’s disease 4/5 (80.0) 20, 25, 29
Lymphosarcoma, reticulosarcoma 4/34 (11.8) 13, 17, 20, 25, 29, 35
AML 0/8 0) 23, 35
CML 6/10 (60.0) 35
Myeloma 0/8 ) 16, 29, 35
Sarcomas 2/8 (25.0) 17, 27, 29
Total 79/390  (20.3)

2 Responders: CR + PR

The data in Table 2 suggest that ACNU seems to be
effective against small cell carcinoma of the lung, brain tu-
mors, Hodgkin’s disease, and CML. More cases will be re-
quired, however, before conclusions can be drawn on its
effect against other types of carcinoma and sarcoma.

4. Efficacy of ACNU Against Small-cell Carcinoma
of the Lung with Regard to the Suppression
of Brain Metastasis and Prolongation of Survival

Because ACNU had been shown to be active against
small-cell carcinoma of the lung and remarkably effective
against L-1210 cells inoculated into the brain of exper-
imental animals [15], we carried out a comparative and
retrospective study on the effect of ACNU in suppressing
brain metastases as well as in prolonging survival in small-
cell carcinoma of the lung. All 53 patients included in this
study had small-cell carcinoma of the lung. They had been
hospitalized in the National Cancer Center Hospital from
December 1974 to March 1979. They were divided into
two groups, 30 treated with ACNU and 23 without
ACNU treatment. The chemotherapeutic regimens con-
sisted mainly of two therapeutic arms, of (1) ACNU plus
vincristine (VCR) plus dextran sulfate and urokinase, and
(2) mitomycin C plus dextran sulfate and urokinase
(MDU). Dextran sulfate and urokinase were used as lyso-
some labilizers [24].

In 30 patients treated with ACNU, ACNU was ad-
ministered in a dose of 101.8 mg/m? at an interval of 6—8
weeks, while VCR was administered in a dose of
0.7—1.4 mg/m? every week (3.5 mg/m? for a course). The
16 responders received two courses of ACNU + VCR,
while 14 nonresponders received one course of another
chemotherapeutic regimen (MDU).

Of the 23 patients treated without ACNU, 21 received
the MDU treatment. In the MDU arm, 6.8 mg mitomycin
C/m? was administered intravenously once a week for
more than 3 weeks at intervals of 4—6 weeks. The eight
responders out of 21 patients treated with MDU received
two courses of this regimen. One of the other two patients
received treatment with 678.6 mg cyclophosphamide/m?
once a week for 3 weeks along with 0.7 mg VCR/m? per
week, and the other received 27.1 mg adriamycin
(ADM)/m? on two successive days in two courses 3 weeks
apart, along with 0.7 mg VCR/m? week. These two pa-
tients showed no response to either chemotherapy.

All 53 patients received 3,000 mg dextran sulfate and
18,000 U urokinase intravenously just after the admin-
istration of anticancer agents.

After completion of the chemotherapy, 20 patients (6
responders and all of 14 nonresponders) of the 30 treated
with ACNU and 18 (3 responders and all of 15 non-
responders) of the 23 patients treated without ACNU
received radiation therapy consisting of 5,000 rads in 25
fractions over 5 weeks to their primary lung lesion, in-
cluding hilar and mediastinal lymph nodes.
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Table 3. Characteristics of patients with small cell carcinoma of the lung, and their response to therapy
with and without ACNU

A. ACNU (+) B. ACNU (—) P value

No. of patients 30 23

Age 614 + 1.1 62.6 + 1.7 N.S.

Sex Male 24 18 N.S.
Female 6 5

Stage 1M, 17 12 N.S.
1M, 13 11

Effect Responders® (CR + PR) 16 8 N.S.
Nonresponders (NR) 14 15 (P <0.1)

Therapeutic = Chemotherapy + radiation 20 18 N.S.

regimen® Chemotherapy alone 10 5

2 Therapeutic regimens included ACNU in group A, and excluded it in group B
b Responders: CR + PR
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Table 3 shows the comparison of the two groups in
terms of age, sex, stage of disease, therapeutic effect, and
method of treatment. The response rate (CR + PR)to che-
motherapy was slightly but not significantly higher in the
group treated with ACNU (P < 0.1). No appreciable dif-
ference was found between the two groups with regard to
the method of treatment, as the combined treatment of
chemotherapy and radiation therapy for the primary site
and metastatic lymph node were applied to 66.7% (20/30)
of the group with ACNU and to 78.3% (18/23) of the
group without ACNU.

Fig. 2 is a figurative representation of the length of
survival (in weeks) of each patient after the beginning of
treatment, in which the solid line represents the survival
time without brain metastasis, while the broken line rep-
resents the survival time after development of brain metas-
tasis. Brain metastasis had already been detected in five
patients before initiating the therapy (four in the group
with ACNU and one in the group without ACNU).

Table 4 indicates the frequency of brain metastasis in
the two groups. The five patients in whom brain me-
tastasis had already been detected before therapy was
initiated were excluded from this analysis. The observa-
tion periods for the frequency of brain metastasis in both

Table 4. Incidence of brain metastasis

Number Number Predicted
of cases with brain value?
metastasis
ACNU + 26 7 10.77
ACNU — 22 9 5.23
P value® P <0.05

2 The predicted values of brain metastases in each group was cal-
culated on the basis of the data in Fig. 2 by the log-rank method
f261

b The difference in the frequency of brain metastasis between the two
groups was evaluated statistically by the y>-test

Fig. 3. Comparison of the survival of patients
with small-cell carcinoma of the lung treated
with ACNU (group A: ——; median 35 weeks)
and without ACNU (group B: ——; median
18 weeks). P < 0.05 (Wilcoxon-Gehan test) [9]

groups were 47 weeks from the beginning of treatment.
The predicted values of brain metastasis in both groups
were calculated on the basis of the data in Fig. 2 by the

-log-rank method [26]. The actual numbers of patients

with brain metastasis were compared with the predicted
values, and the difference in the frequency of brain metas-
tasis between two groups was evaluated statistically by
the y>-test. The frequency of brain metastasis in the 26
patients treated with ACNU was significantly lower than
that of 22 patients treated without ACNU.

The survival rates of all patients in the groups were
calculated according to the life-table method [6] and are
shown in Fig. 3. The median survivals were 35 and 18
weeks in patients treated with and without ACNU, re-
spectively. The difference in survival rates between two
groups was evaluated by the Wilcoxon-Gehan test [9].
The survival of 30 patients treated with ACNU was signif-
icantly longer than that of 23 patients without ACNU
(P < 0.05). Therefore, it can be concluded that ACNU re-
duced the rate of brain metastasis and prolonged survival
in patients with small-cell carcinoma of the lung.

These data represent the comparative and retrospec-
tive evaluation of the effects of the therapy with and
without ACNU on small-cell carcinoma of the lung. We
have recently initiated a prospective randomized control
trial with two therapeutic arms, VCR + ACNU and VCR
+ ADM, against small-cell carcinoma of the lung. It is
hoped that active comparative chemotherapy of small-cell
carcinoma of the lung might further improve the efficacy
of the treatments with regard to the survival of cancer
patients in the future.

5. Conclusion

In the comparison between ACNU and other nitrosourea
derivatives such as BCNU, CCNU, and methyl-CCNU,
it has been demonstrated that there is hardly any dif-
ferences among them in their anticancer effects, their
myelosuppressive effects, or their clinical side effects [34,

10 20 30 40
Weeks after the beginning of treatment
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36]. However, as ACNU is water-soluble and can easily
be administered intravenously, it might be possible to
attain precise blood levels. Despite its solubility in water, it
is also soluble in lipid, and can therefore pass through the
blood-brain barrier to exert its effect on brain tumors [15].
When administered as a single agent in small-cell car-
cinoma of the lung, ACNU was demonstrated to be highly
effective in reducing the size of tumors, and also to be
effective in more than 20% of the cases with head and neck
carcinoma, uterine carcinoma, sarcoma, Hodgkin’s dis-
ease, and chronic myelocytic leukemia. Therefore, it can
be predicted that the results of treatment of carcinoma
would be even more improved with active use of ACNU in
combination chemotherapy against tumors that might
respond to the treatment [7]. There are not yet enough re-
sults of combination chemotherapy with ACNU, and the
results available have not yet been sufficiently accumu-
lated for evaluation [37]. Most of these combination che-
motherapies are based on combinations of anticancer
agents with different reaction mechanisms, and it is of
great interest that the delayed myelotoxicity that was
regarded as the disadvantage of nitrosoureas can con-
versely be exploited for these combination chemothera-
pies. In other words, it may be possible that nitrosourea
derivatives, when combined with anticancer antibiotics
and alkylating agents, both of which show early myelo-
suppression, or when combined with bleomycin or meta-
bolic antagonists, which have less myelotoxicity, would
make each of these agents available for treatment in the
full dose in combination chemotherapy. Each of the anti-
cancer agents used for combination chemotherapy should
be active as a single agent against the objective tumor.
Therefore, the difference in effect between the therapies
with ACNU and those without ACNU should be investi-
gated. Randomized trials of combination chemotherapy
including ACNU, taking the above-mentioned points into
consideration, are underway in Japan.

Acknowledgements. The authors gratefully acknowledge the kind ad-
vice and suggestions of Dr. Kiyoji Kimura, Director of the National
Nagoya Hospital and Chairman of ACNU Phase I Study Group, and
of Dr. Tatuo Saito, Vice-director of the Cancer Institute Hospital and
Chairman of ACNU Phase II Study Group.

References

1. ArakawaM, Shimizu F, Okada N (1974) Effect of ACNU on leu-
kemia L-1210. Preliminary communication. Gann 65:191

2. Ayabe K, Matsuda T, Koga Y, Tomita T (1978) Effect of water
soluble nitrosourea on advanced stomach cancer (in Japanese).
Rinsho to Kenkyu 55:2308—2312

3. Carter SK, Wasserman TH (1976) The nitrosoureas — Thoughts
for the future. Cancer Treat Rep 60:807—811

4. Casper ES, Gralla RJ (1979) Phase 11 evaluation of chlorozotocin
in patients with non-small cell carcinoma of the lung. Cancer Treat
Rep 63:549--550

5. Cooperative study group of phase I study on ACNU (1976) Phase
I study of ACNU. Jpn J Clin Oncol 6:55—62

6. Cutler SJ, Ederer F (1958) Maximum utilization of the life table
method in analyzing survival. J Chronic Dis 8:699—712

7. Fujimoto S, Inagaki J, Horikoshi N, Hoshino A (1977) Com-
bination chemotherapy of 6-thioguanine with various antitumor
agents against murine leukemia L-1210. Gann 68:543—552

8. Fukuoka M, Takada M, Tamai S, Hashimoto T, Shiota K (1978)
Clinical study of ACNU for lung cancer (in Japanese). Cancer and
Chemotherapy 5:209—217

9. Gehan EA (1965) A generalized Wilcoxon test for comparing
arbitrarily single censored samples. Biometrika 52:203—223

10. Honjo H, Fujii M, Tsuda S, Kimura T, Oshima K, Yamamoto T,
Murakami A (1979) Clinical trial of ACNU on gynecological
malignancy (in Japanese). Basic Pharmacology and Therapeutics
7:163—171

11. Hori S, Nakagawa H, Hasegawa H, Hayakawa T, Magami H,
Nakata Y (1978) Chemotherapy of brain tumor combined with ra-
diotherapy (in Japanese). Neurol Med Chir (Tokyo)
18:649—-654

12. Ichimura H (1975) Experimental studies on a screening system of
anticancer drugs employing the rat ascites hepatoma spectrum (in
Japanese). Cancer and Chemother 2:69—74

13. Ishii Y, Hattori T (1978) Cooperative study on comparison be-
tween ACNU treatment and combined treatment with ACNU
and OK-432 (in Japanese). Cancer and Chemotherapy
5:1195-1203

14. Ishiyama K (1978) Effect of ACNU on malignancy of the di-
gestive tract (in Japanese). Rinsho to Kenkyu
55:3001-3004 »

15. Kato T, Fujikawa T, Oota K (1976) Effect of various anticancer
agents, especially ACNU on intracerebral L-1210 leukemia (in
Japanese). Cancer and Chemotherapy 3:945—951

16. Kikuoka M, Nishinarita S, Takeuchi H, Oshima T, Amagi K
(1979) Combination chemotherapy including ACNU on multiple
myeloma (in Japanese). Rinsho to Kenkyu 56:336—341

17. Kimura I, Harada H, Ohnoshi T, Urabe Y, Fuji M, Machida K,
Murakami N (1978) Clinical trial of ACNU (in Japanese). Cancer
and Chemotherapy 5:767—772

18. Kubo A, Ishiwatari J, Tobita Y (1978) Clinical trial of ACNU on
malignancy of the digestive tract (in Japanese). Rinsho to Kenkyu
55:2964—2972

19. Kuwana N (1979) Clinical trial of ACNU on primary brain tumor
(in Japanese). Rinsho to Kenkyu 56:620—622

20. Majima H, Oguro M, Takagi T (1978) Treatment of malignant
lymphoma with ACNU (in Japanese). Cancer and Chemotherapy
5:355—359

21. Nagahama F, Yasuda S, Nakabayashi T, Tetsuji K, Saito T
(1978) Effect of ACNU on advanced bronchogenic carcinoma
and metastatic pulmonary tumors (in Japanese). Rinsho to Ken-
kyu 55:3706—-3711

22. Nakamura T, Sasada T, Tashimo M, Yamamoto K, Uchida M,
Sawada H, Uchino H (1978) Mechansim of action of ACNU in
leukemia cells (in Japanese). Cancer and Chemotherapy
5:991—1000

23. Nakao T, Suzuki M, Ono S, Uchida H, Shizuo S, Yasumizu Y
(1978) Effect of ACNU on blastoid transformation of chronic
myelocytic leukemia (in Japanese). Rinsho to Kenkyu
55:985—986

24. Niitani H, Suzuki A, Taniguchi T, Saijo N, Kawase I, Kimura K
(1974) Effect of combination treatment with mitomycin C and
lysosome labilizers on nodular pulmonary metastases. Gann
65:403—409

25. OgawaM, InagakiJ, Horikoshi N, Oota K (1978) A clinical study
on a new water-soluble nitrosourea derivative (ACNU) (in
Japanese). Cancer and Chemotherapy 5:585—590

26. PetoR,Pike MC, Armitage P, Breslow NE, Cox DR, Howard SV,
Mantel N, Mcpherson K, Peto J, Smith PG (1977) Design and



N. Saijo and H. Niitani: Experimental and Clinical Effect of ACNU in Japan

27.

28.

29.

30.

31.

analysis of randomized clinical trials requiring prolonged observa-
tion of each patients. Br J Cancer 35:1-39

Saijo N, Nishiwaki Y. Kawase I, Kobayashi T, Suzuki A,
Niitani H (1978) Effect of ACNU on primary lung cancer, meso-
thelioma, and metastatic pulmonary tumors. Cancer Treat Rep
62:139—141

Saijo N, Niitani H, Irimajiri N, Chikama M (1979) Effect of
ACNU on Sato lung carcinoma: Preliminary result of immuno-
chemotherapy for SLC by combination of ACNU and Propioni-
bacterium acnes. Oncology 36:7—10

Saito T, Yokoyama M, Himori T, Ujiie N, Sugawara N, Sugiyama
Z, Kitada K (1977) Phase I and preliminary phase II study
of ACNU (in Japanese). Cancer and Chemotherapy
4:991—1004

Saito Y, Muraoka J,Nakaya Y, Fujiwara T (1978) Chemotherapy
of brain tumors with nitrosourea derivative (ACNU) (in Japa-
nese). Cancer and Chemotherapy 5:779—794

Shimizu F, Arakawa M (1975) Effect of ACNU on lymphoid
leukemia 1-1210. Gann 66: 149154

32.

33.

34.

35.

36.

37.

171

Shimizu F, Arakawa M (1978) Antitumor activity of ACNU in a
variety of experimental tumors. Gann 69:545—548
Shirakawa S, Domae T, Uehata N, Uchino H (1978) Clinical
study on anticancer effect of ACNU (in Japanese). Cancer and
Chemotherapy 5:591—-598

Slavik M (1976) Clinical studies with nitrosoureas in various solid
tumors. Cancer Treat Rep 60:795—800

Takubo T, Masaoka T, Nakamura H, Ueda T, Shibata H, Yo-
shitake J (1978) ACNU treatment of blood malignancy (in
Japanese). Cancer and Chemotherapy 5:599—603
Wassermann TH, Slavik M, Carter SK (1975) Clinical compari-
son of the nitrosoureas. Cancer 36:1358—1368

Yoshikawa H (1978) AAAP therapy for relapse of acute leukemia
(in Japanese). J Clin Hematol 19:1332—1340

Received October 9, 1979/Accepted January 29, 1980



