
Studies in a Tumor Spectrum

III. The Effect of Phosphor amides on the Growth
of a Variety of Mouse and Rat Tumors*
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Previous investigations with a spectrum of tu
mors demonstrated that nitrogen mustards (17)
and triethylene melamine (19) had a definite in
hibitory or destructive action on certain types of
tumors. In view of the fact that the biological ac
tivity of these compounds is believed to be due to
the formation of ethylenimmonium ions in the
case of the former (7) and the presence of ethyleni-
mine groups in the case of the latter, the study was
extended with compounds closely related to these
substances on a wide spectrum of tumors.

Results in experimental animal tumors reported
from other laboratories (1-3, 6, 9-11, Â£0,21) and
in human cancer (4, 8, 20) have indicated that tri
ethylene phosphoramide and triethylene thiophos-
phoramide merited intensive study. Our observa
tions on the effect of these compounds on a variety
of transplantable mouse and rat tumors have been
briefly reported (14, 18) and are now presented in
more detail. The structural formulae of these com
pounds have in common the cyclic structure,
ethylenimine :

/\
HSC2 C2HÂ»

l\HtC-CHÂ£ f\HgC-CHj

CM,

OEPA TE PA TSPA

DEPA= N,N-Diethyl-N',N"-diethylene phosphoramide

TEPA = N,N',N"-Triethylene phosphoramide

TSPA = N,N',N"-Triethylene thiophosphoramide

MATERIALS AND METHODS
The tumors used in the present study are as fol

lows: Sarcoma 180 (solid and ascitic forms), Bash-

* This study was supported by an institutional grant to the
Sloan-Kettering Institute from the American Cancer Society
and by a grant from the Damon Runyon Memorial Fund for
Cancer Research.

Received for publication August S, 1954.

ford carcinoma 63, Ehrlich carcinoma (solid and
ascitic forms), Krebs 2 ascites carcinoma and
Harding-Passey melanoma in Rockland Swiss al
bino mice; Sarcoma T 241, Adenocarcinoma E
0771, Lewis bladder carcinoma and Lewis lung
carcinoma in C57BL mice; Sarcoma MA 387,
Miyono adenocarcinoma, Carcinoma 1025, Wag
ner osteogenic sarcoma, Ridgway osteogenic sarco
ma, Patterson lymphosarcoma and Mecca lympho-
sarcoma in AKR mice; Grand epidennoid carci
noma in CFW mice; Gardner lymphosarcoma in
C3H mice; Andervont hepatoma in C mice; Flex-
ner-Jobling carcinoma, Walker carcinosarcoma
256, and Sarcoma R 39 in Sherman rats; Jensen
sarcoma in Sprague-Dawley rats; and Murphy-
Sturm lymphosarcoma in Wistar rats.

The history, biological properties, and cytologi-
cal description of most of these tumors were pre
sented previously (17, 19). Similar descriptions of
other tumors used in this paper are given below.1

Grand mouse epidermoid carcinoma.â€”Thistumor was dis
covered September 7, 1951, by C. G. Grand at New York Uni
versity. It originated spontaneously in the skin of a CFW
mouse. It was first cultivated in tissue culture and retrans-
planted into CFW mice. The histological picture of the original
tumor was that of a squamous-cell carcinoma (Fig. 1). The
tumor shows occasional squamous pearl formation. The tumor
grows rapidly, and 14 days after transplantation into CFW
mice it reaches a size of approximately 15 X 12 X 8 mm. This
tumor becomes extensively necrotic and cystic in the center
after 14 days. The tumor transplants take in 100 per cent of
cases, and about 30 per cent of them regress. The 76th trans
plantation generation was reached on June 10, 1954.

Leids mouse bladder carcinoma?â€”This transplantable

1The authors wish to acknowledge their indebtedness to the
following individuals for supplying the original tumors and
their histories: Dr. Margaret R. Lewis of the Wistar Institute
for the mouse bladder carcinoma and mouse lung carcinoma;
Mr. C. G. Grand, Cancer Institute at Miami, for the mouse
epidermoid carcinoma.

1Subcutaneous or intraperitoneal injection of fresh blood of
mice bearing the Lewis bladder carcinoma or Lewis lung
carcinoma into mice produced identical tumors. Dr. Margaret
R. Lewis, personal communication, 1954.
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SuGiURAANDSTOCKâ€”Phosphoramidesin a Tumor Spectrum 39

tumor was discovered in a male C57BL mouse in December,
1950. The tumor is a very malignant type of epidermoid car
cinoma (Fig. 2). It grows rapidly and becomes very hemor-
rhagic; 14 days after transplantation into C57BL mice, it
reaches a size of approximately 19 X 13 X 10 mm. The trans
plants take in 100 per cent of cases, and about 2 per cent of
them regress. In our laboratory the 16th transplantation gen
eration was reached on July 5, 1954.

Lewis moine lung carcinoma*â€”This tumor originated

spontaneously as a carcinoma of the lung of a C57BL mouse
in 1951. It is a rapidly growing tumor, reaching a size of ap
proximately 18 X 12 X 9 mm. 14 days after transplantation.
The transplants take in 100 per cent of cases, and about 4 per
cent of them regress. The tumor is a very malignant type of
epidermoid carcinoma (anaplastic carcinoma) and becomes
extremely hemorrhagic (Fig. 3). In our laboratory the 16th

^r transplantation generation was reached on July 6, 1954.
The methods employed in the chemotherapy studies of the

tumors have been described before (16). In general, subcutane
ous implantations of tumor material (small pieces of tumor,
each measuring about 1.5 mm. in any dimension and weighing
approximately 6 mg.) into healthy young animals (18-22-gm.
mice; 100-125-gm. rats) were carried out by the usual trocar
method (a single implant into the right axillary region).

In every set of experiments, tumor-bearing animals were
divided into two groups, one to be treated with compounds
and the other to be used as controls. The progress of the tumors
in the animals was recorded graphically by measuring them in
two diameters with calipers at the end of 1, 2, 3, and 4 weeks
after tumor transplantation. The final measurements of the
tumors were made at the end of the 6th week. In the case of
ascites tumors (13), intraperitoneal injection of 0.1 cc. of the
fluid containing about 1 million cancer cells into mice was made
in the inguinal region with a i-cc. syringe having a 23-gauge
needle.

The first intraperitoneal injection of the compounds was
given either 1 or 7 days after tumor transplantation. Fresh
saline solutions of DEPA, TEPA, and TSPA were prepared
daily, and 0.5 cc. was injected once daily for 7 days. The ani
mals were given food (Purina Laboratory Chow) and water
ad libitum.

The degree of inhibition of tumor growth was graded ac
cording to the following scheme:

â€” No effect; tumor growth to three-quarters or more of
the diameter of the controls.

Â± Slight inhibition; tumor growth from one-half to
three-quarters of the diameter of the controls.

+ Moderate inhibition; tumor growth from one-fourth
to one-half of the diameter of the controls.

-1â€”(-Marked inhibition; failure to grow or growth to ap
proximately one-fourth of the average diameter of the
controls.

Hâ€”h+ Complete destruction of tumors (Complete regres
sion of a higher percentage of tumors in the treated
animals than in the controls which show no more than
10 per cent spontaneous regressions with the excep
tion of the Grand epidermoid carcinoma, which has
30 per cent).

The degree of inhibition of ascites tumor growth was graded
according to the following scheme:
No effect (â€”)indicates marked abdominaljdistention, or 4

times the normal gain in body weight or more.
Slight inhibition ( Â±) indicates moderate abdominal distention.
Moderate inhibition (+) indicates slight abdominal distention,

or 2 times the normal gain in body weight.
Marked inhibition (-)â€”(-)indicates no abdominal distention,

or normal gains in body weight of animalâ€”about 0.5
gm/day.Â»

In all the tables one column gives average weight change in
grams of treated animals over control animals after 1 week of
treatment. All the results with Sarcoma 180 are evaluated only
on the basis of Ist-week results.

RESULTS
General findings.â€”Tables 1-6 summarize the ef

fects of DEPA, TEPA, and TSPA on the growth
of eighteen tumors of the mouse and five tumors of
the rat. With the exception of the Andervont hepa-
toma, controls of these experiments showed 100
per cent takes and, except for the Grand epider
moid carcinoma, there was a low rate of regres
sions. The average percentages of tumor regres
sions in control animals were as follows: Sarcoma
180, 2; Sarcoma T 241, 0; Sarcoma MA 387, 6;
adenocarcinoma E 0771, 2; Bashford carcinoma
63, 6; Miyono adenocarcinoma, 6; Ehrlich carcino
ma, 0; Carcinoma 1025, 4; Grand epidermoid car
cinoma, 30; Wagner osteogenic sarcoma, 7; Ridg-
way osteogenic sarcoma, 7; Patterson lymphosar-
coma, 3; Mecca lymphosarcoma, 4; Gardner lym-
phosarcoma, 4: Harding-Passey melanoma, 6; An
dervont hepatoma, 0; Lewis bladder carcinoma, 0;
Lewis lung carcinoma, 4; Flexner-Jobling carcino
ma, 10; Walker carcinosarcoma 256, 3; Sarcoma
R 39, 7; Jensen sarcoma, 6; and Murphy-Sturm
lymphosarcoma, 5 per cent.

The compounds have been studied at a number
of dose levels in an attempt to obtain data at max
imum tolerated doses or at comparable degrees of
toxicity. It is apparent from the data that both
TEPA and TSPA at their maximum tolerated
doses have shown a similar degree of definite in
hibitory or destructive actions upon certain of the
transplantable tumors. The mouse tumor most af
fected by TSPA was Carcinoma 1025. Complete
destruction of 1-day-old tumors resulted from daily
doses of 4 mg/kg or 2 mg/kg in 3 weeks (Chart 1).
DEPA was considerably less effective, though it
did cause a marked retardation in the growth of
Carcinoma 1025 and the Ridgway osteogenic
sarcoma. The decreased effectiveness of DEPA
was also apparent in tests with the ascites forms
of the tumors.

It is extremely interesting that repeated injec
tions of TSPA had a marked inhibitory effect on
Harding-Passey melanoma. We have tested over
500 other compounds with this tumor, and they
caused only slight or no inhibitory effect.

ResidÃs with spontaneous mammary cancers.â€”

Since TEPA and TSPA had a distinct inhibitory
effect on the growth of four transplantable mam-

3In some animals the daily weight increase may be much
less due to toxic action of compounds. Survival of more than 50
per cent of treated an mais beyond 3 weeks was considered as
a marked effect. Control animals die in 2-3 weeks.
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TABLEl.â€”EFFECTOFDIETHYLENEPHOSPHORAMIDEONVARIOUSI-ÃœAY-OLDMOUSETUMORS
(dose: 4 mg/kg/day)*

TUMOR

Sarcoma 180 (solid)

No. DEATHS
1st week id week

1/20 6/20

Av. WT. CHANGE
TREATED/CONTROLS RESULTS OF TREATMENT

Sarcoma 180 (ascitic) 0/20 10/20

Sarcoma T 241 0/15 1/15

Sarcoma MA 387 0/20 1/20

Adenocarcinoma E 0771 0/20 0/20

Bashford carcinoma 63 0/25 2/25

Miyono adenocarcinoma 0/30 1/30

Ehrlich carcinoma (solid) 0/15 0/15

Ehrlich carcinoma (ascitic) 0/30 10/30

Krebs 2 carcinoma (ascitic) 0/30 17/30

Carcinoma 1025 0/20 0/20

Grand epidermoid carcinoma 0/15 0/15

Wagner osteogenic sarcoma 2/10 6/10

Ridgway osteogenic sarcoma 0/40 1/40

Patterson lymphosarcoma 0/25 6/25

Mecca lymphosarcoma 0/20 0/20

Gardner lymphosarcoma 0/20 1/20

Harding-Passey melanoma 0/25 0/25

Andervont hepatoma 0/10 0/10

Lewis bladder carcinoma 0/10 0/10

Lewis lung carcinoma 0/10 2/10

(gm.)
0

+2
Â±5
+8
-1
+ 1
-1
+2
-0.5
+1
+0.5
+2
-1

1st week id week

+ 1.5

+1

+3

0
+4~5

+7

+8.5

-1.5

+ 1.5

0
+1.5

-2

+ 1.5

-0.5

+1

-2

+ 1

-1

+2

-0.5

+TS
+ 1.5

+4

-4

+Ã•

-1

+1

-15

REMARKS

Normal growth thereafter

Normal growth thereafter

90 per cent inhibition at
19th week

+ 1.5
* Five or ten animals in each test group. The results presented are the averages of combined groups.

TABLE2.â€”EFFECTOFDIETHYLENEPHOSPHORAMIDEONVARIOUSI-DAY-OLDRATTUMORS
(dose: 1 mg/kg/day)*

Av. WT. CHANGE
No. DEATHS TREATED/CONTROLS RESULTS OF TREATMENT

1st week id week (gm.) 1st week id week

0/25 1/25 +7 + ++ +
TUMOR

Flexner-Jobling carcinoma

Walker carcinosarcoma 256

Sarcoma R 39

Jensen sarcoma

0/35 2/35

2/25 6/25

0/20 3/20

Murphy-Sturm lymphosarcoma 0/20 4/20

+25
+9

+26
+17
+23
+14
+25
+15

REMARKS
47 per cent inhibition at 2d week;

75 per cent at 3d week
15 per cent inhibition at 2d week;

29 per cent at 3d week
97 per cent inhibition at 2d week;

100 per cent at 3d week
100 per cent inhibition at 2d and

3d week

+27
* Five or ten animals in each test group. The results presented are the averages of combined groups.
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SuGiURAANDSTOCKâ€”Phosphoramidesin a Tumor Spectrum 41

mary carcinomas, TSPA was therefore tested in a breast tumors, but there was no significant in-
total of 80 Rockland Farms Swiss albino mice with crease in tumor regression over the 7 per cent ob-
recently developed spontaneous mammary adeno- served in the controls. This suggests that the regres-
carcinomas. In various groups of these mice injec- sions observed with well developed tumors after
tions of TSPA (2 or 4 mg/kg/day for 10-18 days) treatment with TEPA or TSPA may result from
stopped the growth of the majority of spontaneous extensive initial damage from the drug followedbyTABLE

3
EFFECTOFTRIETHYLENEPHOSPHORAMIDEONVARIOUSI-DAY-OLDMOUSETUMORS

(dose:6mg/kg/day)*AV.
WT. CHANGE

No. DEATHS TBEi TED/CONTROLS RESULTS OFTREATMENTTUMOR
1stweek 2dweek (gm.) lit week 4d week REMARKS

Sarcoma 180 (solid) 0/25 5/25 -1 ++ + Normal growth thereafter

+2
Sarcoma 180 (ascites) 0/20 5/20 +1.5 +Â±Sarcoma

T 241 0/20 5/20

Sarcoma MA 387 0/20 6/20

Adenocarcinoma E 0771 0/20 2/20

Bashford carcinoma 63 0/15 1/15

Miyono adenocarcinoma 0/20 4/20

Ehrlich carcinoma (solid) 0/20 4/20

Ehrlich carcinoma (ascites) 0/40 9/40

Krebs 2 carcinoma (ascites) 0/20 2/20

Krebs 2 carcinoma (ascites) 0/10 2/10

Carcinoma 1025 0/40 7/40

Grand epidermoid carcinoma 2/20 2/20

Wagner osteogenic sarcoma 2/30 9/30

Ridgway osteogenic sarcoma 0/30 5/30

Patterson lymphosarcoma 0/25 6/25

Mecca lymphosarcoma 0/30 9/30

Gardner lymphosarcoma 2/45 18/45

Gardner lymphosarcoma 0/10 0/10

Harding-Passey melanoma 0/20 1/20

Andervont hepatoma 0/20 0/20

Lewis bladder carcinoma 1/20 4/20

Lewis lung carcinoma 0/20 2/20+9

-1.5++
1-2
Â±+1.5

-2.5Â±+1

-1.5-+2.5

-3.5 +++
1

-1.5++4

-1 +++6.5

-1.5+++8

_0_t ++-3

+++1.5

-1.5++1.5-3

+

+1
-3.5 +++1.5

-2.5++1.5

-2.5 +++1.5

-3 ++
+1
-It+++2

+1-3

?+0.5

-1.5Â±+
1.5

-2.5 Â±Â±

+ Normal growth thereafter

Â±

+ + Normal growth thereafter

+ Normal growththereafter++

100 per cent inhibition in group
at 2dweekH

â€”|â€”h 42 per cent inhibition at 2d week;
100 per cent at 3dweek+

Normal growth thereafter

+ Normal growththereafter+

Hâ€”h 70 per cent inhibition at 2d week;
85 per cent at 3dweek+

Normal growth thereafter

+ Normal growth thereafter

Hâ€”h 25 per cent inhibition at 3d week

+ + Normal growththereafterÂ±?

65 per cent inhibition at 19th
week+

Normal growth thereafter

+ Normal growth thereafter
+1

* Five or ten animals in each test group. The results presented are the averages of combined groups.
t 4 mg/kg/day.
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Cancer Research

immunological reactions of the host. The latter
presumably would not come into play after dam
age to spontaneous tumors, even though that dam
age be extensive enough to stop growth of the es
tablished tumor during treatment.

Toxicity.â€”Extensive studies on the pharmacol

ogy of DEPA and TEPA in normal animals have
been reported (20). The following summarizes the
toxicity data of TEPA at different dosages: at 10,
6, and 4 mg/kg/day for 7 days, 25, 1.5, and 0 per
cent, respectively, of tumor-bearing mice died dur
ing treatment. At 6 mg/kg/day, the animals lost
body weight; the weight loss was extensive at
higher levels. At 4 mg/kg/day for 7 days, there
were no deaths, and the mice maintained body

below normal. At 0.5 mg/kg/day or less all rats
grew normally.

Results with rat tumors.â€”The greater toxicity of

DEPA, TEPA, and TSPA for rats was paralleled
by their greater capacity to produce damage in
some of the rat tumors, as has been previously re
ported (16,17,19) for other compounds. The phos-
phoramides were most effective in Sarcoma R 39
and Jensen sarcoma and decreasingly effective in
the Flexner-Jobling carcinoma, Walker carcino-
sarcoma 256, and the Murphy-Sturm lympho-
sarcoma. At a dose of 1 mg/kg/day of TEPA for
7 days, for example, the growth of 1-day-old im
plants of tumors in that order was prevented as
follows : 100, 90, 64, 83, and 0 per cent. At a dose of

TUMOR
Flexner-Jobling carcinoma

TABLE 4
EFFECTOFTRIETHYLENEPHOSPHORAMIDEONVARIOUSI-DAY-OLDRATTUMORS

(dose: 1 mg/kg/day)*

Av. WT. CHANGE

NO. DEATHS TRKATED/CONTBOLS RESULTS OF TREATMENT

1st week id week (gm.) 1st week

+5 +
+26

id week

Walker carcinosarcoma 250

Sarcoma R 39

Jensen sarcoma

Murphy-Sturm lymphosar-
coma

1/30

0/30

1/20

0/30

1/30

5/30

3/30

1/20

0/30

4/30

+ 1

+23
+9
+ 19
+ 15
+27

+ +

+ +

+ + +

+ + +

REMARKS

27 per cent inhibition at 2d week;
64 per cent at 3d week

76 per cent inhibition at 2d week;
83 per cent at 3d week

80 per cent inhibition at 2d week;
100 per cent at 3d week

80 per cent inhibition at 2d week;
90 per cent at 3d week

+32

* Ten animals in each test group. The results presented are the average of combined groups.

weight or gained weight. Rats tolerated the com
pound less well than mice, 16 per cent dying from
5 mg/kg/day for 7 days. At 1 mg/kg/day only
about 2 per cent of the rats died. Although there
was no gain in body weight for 1 week, there was
normal growth thereafter.

The following summarizes the toxicity data of
TSPA at different dosages: at 8, 4, 2, and 1 mg/
kg/day for 7 days, 50, 1, 0, and 0 per cent, respec
tively, of tumor-bearing mice died during treat
ment. At 4 mg/kg/day the animals lost weight for
2 weeks, and those without tumors grew normally
thereafter. At 2 mg/kg/day the animals main
tained body weight for 7 days; there was normal
growth thereafter. At 1 mg/kg/day for 7 days
there was normal gain in body weight. Rats toler
ated TSPA less than mice, 50 per cent dying from
4 mg/kg/day for 7 days. At 2 mg/kg/day only
about 1 per cent of rats died and, while there was
no gain in body weight for 1 week, there was nor
mal growth thereafter. Histological examination of
the spleen, bone marrow, and organs of animals
showed no abnormality. At daily doses of 1 mg/
kg/day there was gain in body weight, but it was

1 mg/kg/day of DEPA, the following figures were
obtained: 100, 100, 75, 29, and 0 per cent. At a
dose of 2 mg/kg/day of TSPA, the following fig
ures were obtained: 100 for Jensen sarcoma, 100
for Flexner-Jobling carcinoma, 67 for Walker car
cinosarcoma 256, and 0 per cent for Murphy-
Sturm lymphosarcoma. No figures were available
for Sarcoma R 39, because the tumor was con
taminated and lost. Chart 2 illustrates the effect
of TSPA on the Jensen sarcoma. Following seven
daily doses of 2 mg/kg of TSPA, all original 1-day-
old tumors were destroyed by the end of 2 weeks.
TSPA at a dose of 0.5 mg/kg/day or one-fourth of
the maximum tolerated dose had complete de
structive effects, but at a dose of 0.25 mg/kg or
one-eight of a maximum tolerated dose, the com
pound had only a moderate inhibitory effect on
this tumor. It is interesting to note that seven
additional injections at a dose of 0.25 mg/kg re
sulted in marked inhibition of growth, but there
was no significant amount of tumor destruction.

Results with well established mouse and rat tu
mors.â€”The success of these phosphoramides in
producing damage in 1-day-old tumors of the
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TABLE5
EFFECTOFTRIETHYLENETHIOPHOSPHORAMIDEONVARIOUSi-DAY-OLDMOUSETUMORS

(dose: 4 mg/kg/day)*

AT. WT. <HANGE

TUMOSSarcoma

180 (solid)

Sarcoma 180 (ascites)

Sarcoma T 241

Sarcoma MA 387

Adenocarcinoma E 0771

Bashford carcinoma 63

Bashford carcinoma 63

Miyono adenocarcinoma

Ehrlich carcinoma (solid)

Ehrlich carcinoma (ascitic)

Krebs 2 carcinoma (ascitic)

Carcinoma 1025

Carcinoma 1025

Grand epidermoid carcinoma

Wagner osteogenic sarcoma

Ridgway osteogenic sarcoma

Ridgway osteogenic sarcoma

Patterson lymphosarcoma

Mecca lymphosarcoma

Gardner lymphosarcoma

Gardner lymphosarcoma

Harding-Passey melanoma

Harding-Passey melanoma

Andervont hepatoma

Lewis bladder carcinoma

Lewis lung carcinomaNo.

DEATHS TREATED/CONTROLS RESULTSOP1st

week id week (gm.) 1st week
0/20 0/20 -1.5+0/20

20/20

1/20 5/20

0/20 3/20

8/40 6/40

0/80 1/30

0/20 0/20

0/80 5/30

0/20 3/20

0/30 9/30

0/20 10/20

0/40 7/40

0/20 2/20

0/20 0/20

1/40 3/40

0/40 4/40

0/10 0/10

0/20 1/20

1/40 15/40

0/40 2/40

0/40 0/40

2/50 3/50

0/20 0/20

0/20 6/20

0/30 3/30

1/20 2/20+3

+1.5++3.5-2

++1.5

-1.5Â±+2.5

-2 +

+1
+0.5++5+2.5

-1.5++1.5

-2.5Â±+2.5

+2+++7.5

+1 +
+8
-2.5 +++1.5

-It+++2.5

-1 Â±
+3-2
Â±+1.5

-2 Â±

+1ot
Â±+1.5

-2.5++1.5

-2 +

+1
-2.5+++1

-It +

+1
+0.5-+4.5+0.5f+5

-8 ?

+1
-2 Â±

+1
-2.5 +TREATMENTid

weekÂ±Â±

Â±+Â±

Â±+1

* Ten animals in each test group. The results presented are the averages of combined groups,
t * mg /kg/day.

REMARES

Normal growth thereafter

Normal growth thereafter

Normal growth thereafter

Normal growth thereafter

Normal growth thereafter

65 per cent inhibition at 2d week;
100 per cent at 3d week

35 per cent inhibition at 2d week;
85 per cent at 3d week

Normal growth thereafter

Normal growth thereafter

79 per cent inhibition at 2d week;
87 per cent at 3d week

++ at 3d week

55 per cent inhibition at 2d week;
60 per cent at 3d week

Normal growth thereafter

Hâ€”1-at 3d week; retarded growth
thereafter

Hâ€”hat 3d week; retarded growth
thereafter

90 per cent inhibition at 8th week

Normal growth thereafter

Normal growth thereafter
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mouse and of the rat led to the more rigorous test
on well established tumors. The results obtained
from these experiments are summarized in Table 7
and presented in detail in Tables 8-10. Treatment
of 7-day-old carcinoma (C1025), osteogenic sarco
mas (Ridgway), and lymphosarcomas (Gardner)
with 6 mg/kg/day of TEPA or 4 mg/kg/day of
TSPA for 7 consecutive days caused growth to
stop for a few days; then the tumors regressed
completely (about 60-90 per cent of cases) in 2-3
weeks. There was no reappearance of tumors dur-

perimental periods of 2-3 months, and on autopsy
no material was found at the former site of the tu
mor. Such cases are recorded as "cures."

In contrast to the findings with untreated tu
mors (Fig. 4), the histological examination of a
number of the tumors (Jensen sarcomas) removed
from the host after seven injections of 2 mg/kg of
TSPA showed almost complete necrosis of the tu
mor cells as seen in the lower right half of Fig
ure 5. The surrounding tissue (upper left half) is
made up of granulation tissue, with a few lympho-

TABLE 6

EFFECTOFTRIETHYLENETHIOPHOSPHORAMIDEONVARIOUSI-ÃœAY-OLDRATTUMORS
(dose: 2 mg/kg/day)*

No. DEATHS
TDMOB 1st week id week

Flexner-Jobling carcinoma 1/30 3/30

Flexner-Jobling carcinoma 0/10 1/10

Walker carcinosarcoma 256 1/30 I/SO

Walker carcinosarcoma 256 0/10 0/10

Jensen sarcoma 0/40 0/40

Jensen sarcoma 0/20 0/20

Jensen sarcoma 0/20 0/20

Jensen sarcoma 0/20 1/20

Jensen sarcoma 0/20 0/20

Murphy-Sturm lymphosarcoma 0/30 2/30

Murphy-Sturm lymphosarcoma 0/20 0/20

Av. WT. CHANGE

TREATED/CONTROLS RESULTS OF TREATMENT
(gm.)
-8
+20
+5t
+ 15
+5
+25
+lpt
+26
+0.5
+23

1st week Â«dweek

+27
+22ÃŽ
+26
+ 18Â§
+25
+26#
+24

REUARKS

90 per cent inhibition at 2d week;
100 per cent at 3d week

100 per cent inhibition at 2d and
3d weeks

50 per cent inhibition at 3d week;
67 per cent at 4th week

50 per cent inhibition at 3d week

100 per cent inhibition at 2d and
3d weeks

100 per cent inhibition at 2d and
3d weeks

100 per cent inhibition at 2d and
3d weeks

25 per cent inhibition at 3d week

+18
+9f
+20

* Ten animals in each test group. The results presented are the averages of combined groups.
11 mg/kg/day.
ÃŽ0.5 mg/kg/day.
Â§O.Ã•Amg/kg/day.
f 0.1

ing experimental periods of 2-3 months, indicating
the possibility of permanent regression.

At the lower doses of 2 and 1 mg/kg/day, the
TSPA was less effective. Thus, seven treatments
with this compound resulted in only a slight to
moderate inhibition of tumor growth but with no
complete destruction of 7-day-old tumors.

Treatment of 7-day-old carcinomas (Flexner-
Jobling) and sarcomas (R 39 and Jensen) with 1.0
mg/kg of TEPA, 1.0-2.5 mg/kg of DEPA, and
2.0 mg/kg of TSPA caused growth to stop for a
few days and then complete regressions of the tu
mors (about 70-90 per cent of cases) in 2-3 weeks.
There was no reappearance of tumors during ex-

cytes, macrophages, and plasma cells. Tumors
with this histological appearance when transplant
ed into normal rats do not grow.

The Walker carcinosarcoma 256 did not re
spond as well to the antitumor activity of TEPA
and DEPA as did the Flexner-Jobling carcinoma,
Sarcoma R 39, and Jensen sarcoma in the rat. At
a dose of 1.0 mg/kg/day of TEPA and 1.0-2.5
mg/kg/day of DEPA for 7 days, the growth of
7-day-old tumors was slightly or moderately in
hibited but there was no complete tumor regres
sion. TSPA at a level of 2 mg/kg/day had a defi
nite destructive effect on well established 7-day-
old Walker carcinosarcoma 256. As indicated in
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SuGiURAANDSTOCKâ€”Phospkoramidesin a Tumor Spectrum 45

Tables 8-10, none of the three phosphoramides
had an effect on 7-day-old Murphy-Sturm
lymphosarcoma. All tumors grew normally.

The study was continued with lower doses of
TSPA on Flexner-Jobling carcinoma and Jensen
sarcoma in rats. The results of the experiments
showed that daily doses of 1 mg/kg of TSPA re-

During the course of the study we determined
the effect of TSPA on the growth of two different
tumors growing simultaneously in the same rat. In
this case we selected first Jensen sarcoma and
Murphy-Sturm lymphosarcoma. The former is
sensitive, while the latter is resistant to the
compound.

EFFECT OF TSPA ON CARCINOMA 1025 IN MICE

4 mg/k

14 21

3 â€¢

4 â€¢

5

6 â€¢

7 .

8

9 .

10 .

cm.

2 mg/k

14 21
CONTROLS

7 14 2l doys

â€¢ft

' t t

CHART1.â€”Carcinoma 1025 in mice after seven daily doses Similar destruction of the tumor resulted from half that dose,
of 4 mg/kg of TSPA, showing complete destruction of tumors. Controls, no tumor regression.

suited in complete destruction of 7-day-old tumors
in about 70 per cent, whereas injections of 0.5 and
0.25 mg/kg for 7 consecutive days caused much
less complete destruction of 7-day-old carcinomas
and sarcomas. The average diameters of the Flex
ner-Jobling carcinoma and Jensen sarcoma, meas
ured 7 days after implantation, were 8.5 X 5.5 X
4 mm. and 20 X 9 X 7 mm., respectively.

Intraperitoneal injections of TSPA at a dose of
2 mg/kg/day were begun when the tumors were 1
day or 7 days old, and injections were continued
for 7 days. The experiments showed that TSPA
caused complete inhibition of 1-day-old sarcomas
in all cases, while all lymphosarcomas continued to
grow rapidly. Under similar treatment, more than
80 per cent of 7-day-old Jensen sarcomas regressed
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46 Cancer Research

completely, while nearly all of the 7-day-old Mur
phy-Sturm lymphosarcomas in the same host grew
normally.

The above experiments were repeated with
Carcinoma 1025 and Sarcoma MA 387, growing
simultaneously in the same mouse. Carcinoma
1025 is sensitive, while Sarcoma MA 387 is resist
ant to TSPA. Repeated intraperitoneal injections
of 4 mg/kg of TSPA caused complete destruction
of 1- or 7-day-old carcinomas, but the compound
had no effect on the sarcomas, all of which were

growing rapidly. In both experiments, then, the
responses of these tumors to the chemical agent
were the same whether they were growing alone in
different animals or side by side in the same ani
mal. These findings emphasize the specificity of
reaction of these tumors to this chemical agent.

DISCUSSION
It is well known that the response of various

tumors to a given agent may be strikingly different
(5, 12, 15, 17-19). The present results show that

EFFECT OF TSPA ON JENSEN SARCOMA IN RATS

2mg/k

7 14 21

l 0

4 f â€”

10 f â€” â€”

i em.

O.Smg/k

7 14 21
CONTROLS

14

CHABT2.â€”Jensen sarcoma in rats after seven daily doses Similar destruction of the tumors resulted from i that dose,
of 2 mg/kg of TSPA, showing complete destruction of tumors. Controls, rapid growth and no tumor regression.
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TABLE 7
APPROXIMATEPER CENTOFT-DAY-OLDMOUSEANDRATTUMORSCURED

BYVARIOUSPHOSPHORAMIDES*

Dose
(mg/kg/day) Tumor

1-2.5 Flexner-Jobling carcinoma
1-2.5 Walker carcinosarcoma 256
1-2.5 Sarcoma R 39

1 Jensen sarcoma
6 Carcinoma 1025
6 Ridgway osteogenic sarcoma
6 Gardner lymphosarcoma
1 Flexner-Jobling carcinoma
1 Walker carcinosarcoma 256
1 Sarcoma R 39
1 Jensen sarcoma
4 Carcinoma 1025
4 Ridgway osteogenic sarcoma
4 Gardner lymphosarcoma
2 Flexner-Jobling carcinoma
2 Walker carcinosarcoma 256

1-2 Jensen sarcoma
* The approximate percentageof spontaneous tumor regressionsfor controls for the experiments in this table are: 2 per cent for Carcinoma

10^5,5 per cent for Ridgwayosteogenicsarcoma, 5 per cent for Gardner lymphosarcoma, 15per cent for Flexner-Joblingcarcinoma,2 per cent
for Walker carcinosarcoma256,5 per cent for Sarcoma R 30, and 5 per cent for Jensen sarcoma.

TABLE 8
EFFECTOFDIETHYLENEPHOSPHORAMIDEONWELLESTABLISHED7-DAY-OLDRATTUMORS*

Compound administered
Diethylene ph'osphoramide

Triethylene phosphoramide

Triethylene thiophosphoramide

No.treated7050403050804070008060607070SO60130No.cured5602624412532SI0284550554940SO112PerCentcures800658088380780937583787080608Â«

DOSE
No. Av. WT. CHANGE

DEATHS TBEATED/CONTROLS RESULTS OF TREATMENT

1st week

Â±

Â±

2d weekTUMORS
Flexner-Jobling carcinoma

Flexner-Jobling carcinoma

Walker carcinosarcoma 256

Walker carcinosarcoma 256

Sarcoma R 39

Sarcoma R 39

Jensen sarcoma

Murphy-Sturm lymphosarcoma 1.0
+22

* Ten animals in each group. The results presented are the average of combined groups.

TABLE 9
EFFECTOFTRIETHYLENEPHOSPHORAMIDEONWELLESTABLISHED?-DAY-OLDMOUSEANDRATTUMORS*

(mg/kg/day)2.51.02.51.02.51.01.01.01stweek0/400/300/300/200/202/202/300/20(gm.)+4+

24+14+23+7+21+

15+35+7+25+10+24+7+28+

17

TUMORREGRESSION
75 per cent at 2d week; 90 per

cent at 3d week
67 per cent at 4th week

Normal growth thereafter

Normal growth thereafter

60 per cent at 2d week; 100 per
cent at 3d week

35 per cent at 2d week; 50 per
cent at 3d week

50 per cent at 2d week; 87 per
cent at 3d week

No. Av. WT. CHANGE

DOSE DEATHS TREATED/CONTROLS RESULTS OP TREATMENT

2d week

+ + +

+ + +

+ + +

+ + +

+ + +

+

+ + +

+ + +

TDMOBCarcinoma
1025Ridgway

osteogenic sar
comaGardner
lymphosarcomaGardner

lymphosarcomaFlexner-Jobling

carcinomaWalker

carcinosarcoma256Sarcoma

R39Jensen

sarcomaMurphy-Sturm

lympho
sarcoma*

Ten animals in each group.(mg/kg/day)6.06.06.04.01.01.01.01.01.01st

week0/502/302/400/101/700/600/302/600/20(gm.)1stweÂ«-3
+++1.5-3.5

+++1.5+0.5

+ +4+3+1

++-f+5+7

+++27+8

++27+17

+++30+

11+++24+8+

16The
.esults presented are! the average of combined groups.

Tcuoa REGRESSIONS
30 per cent at 2d week; 85 per

cent at 3d week

50 per cent at 2d week; 87 per
cent at 3d week

eS per cent at 1st week; 85 per
cent at 2d week

40 per cent at 1st week and 2d
week

40 per cent at 2d week; 77 per
cent at 3d week

Normal growth thereafter

70 per cent at 2d week; 93 per
cent at 3d week

42 per cent at 2d week; 74 per
cent at 3d week
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48 Cancer Research

this holds true for diethylene phosphoramide, tri-
ethylene phosphoramide, and triethylene thio-
phosphoramide. These compounds produced com
plete and permanent regression of two mouse tu
mors, Ridgway osteogenic sarcoma and Gardner
lymphosarcoma (6C3HED), which hitherto have
not been amenable to chemical cure. Previously, it
has been found in our laboratories that Sarcoma

180 has been cured by 6-mercaptopurine and that
Carcinoma 1025 has been cured by 3-bis(]3-chloro-
ethyl)aminomethyl-4-methoxymethyl-5-hydroxy-
6-methyl pyridine and by triethylene melamine.
These results encourage the hope that more chemi
cals may be found which have a destructive action
specific for different tumors.

The differences in the effectiveness of DEPA,

TABLE10
EFFECTOFTRIETHYLENETHIOPHOSPHORAMIDEONWELLESTABLISHED7-DAY-OLDMOUSEANDRATTUMORS*

TUMOR
Sarcoma 180

Bashford carcinoma

Carcinoma 1025

Carcinoma 1025

Carcinoma 1025

Ridgway osteogenic sarcoma 4.0

Ridgway osteogenic sarcoma 2.0

Ridgway osteogenic sarcoma 1.0

Gardner lymphosarcoma

Gardner lymphosarcoma

Gardner lymphosarcoma

Flexner-Jobling carcinoma

Flexner-Jobling carcinoma

Flexner-Jobling carcinoma

Walker carcinosarcoma 256 2.0

Walker carcinosarcoma 256 1.0

Walker carcinosarcoma 256 0.5

Jensen sarcoma

Jensen sarcoma

Jensen sarcoma

Jensen sarcoma

Murphy-Sturm lymphosar- 2.0
coma

Murphy-Sturm lymphosar- 1.0

DOSE(mgAg/day)4.04.04.02.01.0i

4.0i

2.0i

1.04.02.01.02.01.00.52.01.00.52.01.00.50.252.01.0No.DEA

TBS1st
week0/200/201/600/100/101/700/200/201/700/200/10*0/500/200/202/500/200/2015/902/400/200/200/300/10Av.

WT.CHANGETREATED/CONTROLS

RESULTS OFTREATMENT(gm.)
1stweek-1.5

-+1.5-0.5

-+1-2.5

+++1.5-1.5

+++10

+++1-2.5

+++
1.50

++
1.5+1
Â±+1â€”

1 +++4+2

Â±+4+5+7-2

+++26+13

+++18+22

++270

++35+8

++28+23

++31-1

+++200

+++26+7

+++26+23

++31+4+22+8+28Â«d

weekâ€”â€”+

+++

+++

+++++

+++â€”+

+++

++

++

+++

+++

+++

+++

+++

+â€”â€”Phe

results presented are the average of combined groups.

TuMOB REGRESSION

44 per cent at 2d week; 87 per
cent at 3d week

25 per cent at 3d week

Normal growth thereafter

60 per cent at 2d week; 80 per
cent at 3d week

Normal growth thereafter

Normal growth thereafter

50 per cent at 2d week; 70 per
cent at 3d week

70 per cent at 2d week; 80 per
cent at 3d week

75 per cent at 3d week

40 per cent at 3d week

38 per cent at 2d week; 60 per
cent at 3d week

30 per cent at 3d week

Normal growth thereafter

85 per cent at 2d week; 95 per
cent at 3d week

67 per cent at 2d week; 80 per
cent at 3d week

40 per cent at 2d week; 65 per
cent at 3d week

40 per cent at 3d week

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/1

5
/1

/3
8
/2

3
7
1
5
4
2
/c

r0
1
5
0
0
1
0
0
3
8
.p

d
f b

y
 g

u
e
s
t o

n
 2

3
 A

u
g
u
s
t 2

0
2
2



SuGiURA AND STOCKâ€”Phospkoramides in a Tumor Spectrum 49

TEPA, and TSPA against the various experimen
tal tumors merit discussion. Thus, both TEPA and
TSPA are more effective against all four of the
mouse mammary carcinomas tested than against
two of the three sarcomas. Similarly, these com
pounds showed a greater inhibitory effect on the
development of Ehrlich ascites carcinoma and
Krebs 2 ascites carcinoma (both mammary cancer
origin) than on Sarcoma 180 ascites tumor. Other
epithelial tumors which responded well to treat
ment with TEPA and TSPA were Carcinoma
1025, Grand epidermoid carcinoma, Lewis bladder
carcinoma, and Lewis lung carcinoma.

It is interesting to note that TEPA and TSPA
had a destructive effect on the well established
Ridgway osteogenic sarcoma but only a slight
inhibitory effect on the Wagner osteogenic sarco
ma. Both tumors arose spontaneously in AKR
mice (17). Transplants of these tumors grow rapid
ly in AKR mice and kill animals in 3-4 weeks.
Morphologically these tumors are similar. How
ever, the alkaline phosphatase content of Ridgway
osteogenic sarcoma is less than that of Wagner os
teogenic sarcomaâ€”about 20 units of alkaline
glycerophosphatase/gm against about 50 units.

There is a striking difference in the response of
different mouse lymphosarcomas toward the ac
tion of TEPA and TSPA. Although these com
pounds had a destructive effect on 7-day-old
Gardner lymphosarcoma (about 60 per cent), they
had relatively no effect on the growth of the Pat
terson and Mecca lymphosarcomas. Therefore,
we attempted to discover any difference in biologi
cal behavior or in histological picture among them
which might be responsible for the different sensi
tivity to antitumor action of TEPA and TSPA.
Gardner lymphosarcoma arose in a C3H mouse
(19), while the Patterson and Mecca lymphosarco
mas arose in AKR mice (17). Histological exami
nations of these tumors revealed that Gardner
lymphosarcoma is composed almost exclusively of
large immature lymphocytes, while the Patterson
and Mecca lymphosarcomas are composed almost
exclusively of large lymphocytes. The Gardner
lymphosarcoma does not metastasize into the
liver, spleen, or mesentery, although it metasta-
sizes into the lymph nodes. On the other hand, the
Patterson and Mecca lymphosarcomas metasta
size into lymph nodes, spleen, liver, kidney, and
mesentery, indicating that these lymphosarcomas
are more malignant than the Gardner lymphosar
coma. The radiosensitivity of Gardner lympho
sarcoma and Mecca lymphosarcoma in vivo ap
peared to be the same. It was found that a high
percentage of 1-day-old tumors irradiated with
3,000 r failed to grow, whereas tumors irradiated

at a dose of 2,000 r grew in almost all cases. Thus,
it is possible that the natural histories of the tu
mors contributed to the differences in their re
sponse to these agents.

In general, the rat tumors were more suscep
tible to the phosphoramides than the mouse tu
mors. This is similar to our findings with aminop-
terin (16), A-methopterin (unpublished data),
HN2 (17), 3-bis(/3-chloroethyl)aminomethyl-4-
methoxymethyl-5-hydroxy-6-methylpyridine(17),
triethylene melamine (19), and 1,9-dimethane-
sulfonyloxynonane (12). Complete regression was
obtained in 30-100 per cent of well established 7-
day-old tumors, namely, Flexner-Jobling carcino
ma, Walker carcinosarcoma 256, Sarcoma R 39,
and Jensen sarcoma, by administration of the
above-mentioned nine compounds. The Murphy-
Sturm rat lymphosarcoma appeared insensitive to
the phosphoramides, as it did in all comparable
studies thus far (12,14,18,19). Particularly inter
esting is the fact that triethylene thiophosphor-
amide resulted in 48 per cent cures of Walker car
cinosarcoma 256, which was completely resistant
to TEPA and DEPA, related chemicals. Replace
ment of the oxygen in the TEPA molecule by sul
fur resulted in an increase in antitumor activity.

SUMMARY
1. The effects of diethylene phosphoramide

(DEPA), triethylene phosphoramide (TEPA), and
triethylene thiophosphoramide (TSPA) have been
tested against a spectrum of eighteen tumors of the
mouse, five tumors of the rat, and three ascites tu
mors of the mouse.

2. Daily maximum tolerated doses of 6 mg/kg
of TEPA in mice had a destructive effect on Car
cinoma 1025, Ridgway osteogenic sarcoma, and
Andervont hepatoma; a marked inhibitory effect
on Miyono adenocarcinoma and Gardner lympho
sarcoma; a moderate inhibitory effect on Sarcoma
180, Adenocarcinoma E 0771, Ehrlich carcinoma,
Grand epidermoid carcinoma, Wagner osteogenic
sarcoma, Lewis bladder carcinoma, and Lewis lung
carcinoma; a slight inhibitory effect on Sarcoma
MA 387, Bashford carcinoma 63, and Harding-
Passey melanoma, but no effect on Sarcoma T 241.

3. Daily maximum tolerated doses of 4 mg/kg
of TSPA in mice had a destructive effect on Car
cinoma 1025, Ridgway osteogenic sarcoma, Gard
ner lymphosarcoma, and Andervont hepatoma; a
marked inhibitory effect on Adenocarcinoma E
0771 and Bashford carcinoma 63; a moderate in
hibitory effect on Sarcoma 180, Miyono adeno
carcinoma, Ehrlich carcinoma, Grand epidermoid
carcinoma, Wagner osteogenic sarcoma, Harding-
Passey melanoma, Lewis bladder carcinoma, and
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Cancer Research

Lewis lung carcinoma, and a slight inhibitory ef
fect on Sarcoma T 241, Sarcoma MA 387, Patter
son lymphosarcoma, and Mecca lymphosarcoma.

4. The effects of TEPA and TSPA on these
eighteen mouse tumors were generally similar, and
these compounds were far more effective than
DEPA.

5. Both TEPA and TSPA had a marked in
hibitory effect upon the development of Ehrlich
ascites carcinoma and Krebs 2 ascites carcinoma,
but only a slight inhibitory effect on Sarcoma 180
ascites tumor. DEPA had relatively no effect on
these three ascites tumors.

6. The growth of spontaneous mammary ade-
nocarcinomas in Swiss albino mice was stopped by
repeated injections of TSPA, but there was no sig
nificant increase in complete tumor regression over
the controls.

7. Daily doses of 1 mg/kg of DEPA, 1 mg/kg of
TEPA, and 2 mg/kg of TSPA in rats had a de
structive effect on 1-day-old implants of Flexner-
Jobling carcinoma, Walker carcinosarcoma 256,
Sarcoma R 39, and Jensen sarcoma, but no effect
on Murphy-Sturm lymphosarcoma.

8. Complete regression was obtained in large
numbers of certain well established 7-day-old
mouse and rat tumors by administration of seven
daily doses of DEPA, TEPA, and TSPA. For rats,
daily doses of ]-2.5 mg/kg of DEPA gave 80 per
cent regressions for Flexner-Jobling carcinoma, 65
per cent for Sarcoma R 39, and 80 per cent for
Jensen sarcoma. For mice, daily doses of 6 mg/kg
of TEPA gave 82 per cent regressions for Carcino
ma 1025, 83 per cent for Ridgway osteogenic sar
coma, and 80 per cent for Gardner lymphosarco
ma. Similarly, for rats, daily doses of 1 mg/kg of
TEPA gave 73 per cent regressions for Flexner-
Jobling carcinoma, 93 per cent for Sarcoma R 39,
and 75 per cent for Jensen sarcoma. Similarly, for

mice, daily doses of 4 mg/kg of TSPA gave 83 per
cent regressions for Carcinoma 1025, 78 per cent
for Ridgway osteogenic sarcoma, and 70 per cent
for Gardner lymphosarcoma. For rats, daily doses
of 2 mg/kg gave 80 per cent regressions for Flex
ner-Jobling carcinoma, 60 per cent for Walker car
cinosarcoma 256, and 86 per cent for Jensen
sarcoma.
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FIG. 1.â€”Section of Grand mouse epidermoid carcinoma,
showing early pearl formation. (H & E X200.)

FIG. 2.â€”Asection of the Lewis mouse bladder carcinoma,
showing a compact sheet of cells having vesicular nuclei with
irregularity in size and shape, and numerous mitoses. (X200.)

FIG. 3.â€”A section of the Lewis mouse lung carcinoma,
showing a sheet of poorly differentiated epidermoid carcinoma.
The tumor cells have large nuclei of irregular shape and
varying chromosia. (X200.)
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Fio. 4.â€”Sectionof untreated Jensen rat sarcoma, showing
numerous spindle cells with voluminous cytoplasm. (X200.)

FIG. 5.â€”Jensen sarcoma after treatment with TSPA
(2 nig/kg for 7 days). Shows complete necrosis of the tumor
cells (as seen in the lower right half of the picture). The sur
rounding tissue (upper left half) is made up of granulation
tissue with a few lymphocytes, macrophages, and plasma
cells. (X200.)
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