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tion 24 hr prior to transplantation the TCD.SOwas 4300 rads
(20). Cohen and Cohen (4) similarly observed that the TCD5O
for a C3H mouse mammary carcinoma was higher when the
tumor was treated in hosts that had been made immunolog
ically incompetent by whole-body irradiation prior to trans
plantation. In a subsequent paper we again found that the
immune status can influence the effectiveness of local irra
diation as a treatment of transplanted FSA's (9).

Therefore, a subject of continuing interest in experimen
tal radiation therapy has been potentiation of host reaction
against an established tumor. If this could be achieved,
tumor should be destroyed by smaller doses of radiation.
Accordingly, the radiation-induced changes in normal tis
sues would be lesser. Previously, we attempted without
success to modify the response to local irradiation of an
established FSA (8 mm in diameter) by treating the host with
Freund's adjuvant (20).

Reports from several laboratories have now demon
strated that treatment with Corynebacterium parvum can
result in retardation of growth, partial or complete regres
sion of certain tumors in experimental animals (6, 10, 11, 13,
17, 18, 23). Further, there may be an increased antitumor
efficacy of selected chemotherapeutic regimen when given
in combination with C. parvum (2, 5, 15), and Milasetal. (14)
and ourselves (22) have presented data that document a
greater efficacy of local irradiation on the FSA.

This paper describes results from a series of experiments
on the response of this fibrosarcoma to treatment by C.
parvum, local irradiation, or both C. parvum and irradiation.

MATERIALS AND METHODS

Animal Tumor System. Male and female C3Hf/Sed mice,
10 to 12 weeks of age, from our defined-flora4 and specific
pathogen-free colony (bacterial flora were: Bacillus sp.,
Clostridium species, and Staphylococcus epidermides)
were used. The tumor used was a FSA that had been in
duced in a young C3H/He female mouse by injection of 1
mg of methylcholanthrene (in peanut oil) into s.c. tissue of
the flank. The same tumor has been used in previous studies
(20). For the assays described here, 5th- to 6th-generation
isotransplants were used. The C3Hf/Sed mice are syngeneic
with the animal in which this tumor was produced, as shown
by acceptance of 2nd-set skin grafts in perfect condition for
more than 200 days. A nonenzymatic technique was used

4 H. D. Suit, R. S. Sedlacek, â€˜u'.Silobrcic, and R. M. Linggood. Radiation

Therapy and C. parvum in the Treatment of Murine Tumors. Submitted for
publication to Cancer.
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SUMMARY

A methylcholanthrene-induced fibrosarcoma of C3H mice
has been used as 5th- to 6th-generation syngeneic trans
plant in an investigation of the role of Corynebacterium
parvum as an adjuvant to the therapeutic effect of local
irradiation of established tumors. The most effective route
for administration of C. parvum in this tumor system was
i.v., and the greatest effect of the C. parvum-mediated tumor
graft rejection was observed for tumor growing intracuta
neously or s.c. An intermediate level of effectiveness was
obtained for tumor growing i.m. The combined C. parvum
and local irradiation studies were performed using tumors
growing in the leg muscle and measuring 8 mm in diameter
at the time of local irradiation. Several routes of administra
tion of C. parvum, dose levels of C. parvum, and time rela
tionships between administration of C. parvum and irradia
tion were investigated. The outstanding finding was that
very low doses of radiation were quite effective when ad
ministered to tumors growing in animals pretreated with C.
parvum. This was true for radiation administered as a single
or fractionated dose (10 equal doses spread over 18 days).
For single-dose irradiation the effect was relatively dose
independent over the range of 200 to 3000 rads. Some
indication was obtained that local irradiation may impair the
tumor graft rejection reaction. No evidence was obtained of
an enhanced growth of tumor. Regression of tumor follow
ing irradiation was not modified by pretreatment with C.
parvum. The mice that were unsuccessfully treated by radia
tion and C. parvum had a lower incidence of metastatic
disease in the lung than did the mice treated unsuccessfully
with radiation alone.

INTRODUCTION

The character and magnitude of the host immune reac
tion against a tumor can be an important determinant of the
success of locally applied ionizing radiation. For example,
we found 3400radsto be the TCD5O3for a methylcholan
threne-induced FSA transplanted into normal syngeneic
mice and treated when 8 mm in diameter; in contrast, for
tumors transplanted into mice whose immunological sys
tem had been suppressed by 400 rads, whole-body irradia
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C. parvum, il. (350pg/injection)Times
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for preparation of the cell suspension; 2 to 5 x 10@viable
tumor cells (trypan blue exclusion test) were injected in an
inoculum of 5 @.dinto either the muscle, skin, or s.c. tissue.

Radiation Facility. Tumors were irradiated by means of
parallel opposed, 3-cm-diameter â€˜37Csportals (8). Dose rate
was 950 to 975 rads/min. The dose at 1 cm from the edge of
the treatment field was 0.3%.

C. parvum. C. parvum was provided by Burroughs Well
come Company (Research Triangle Park, N. C.) as formalin
killed organisms suspended in thiomersalate. The material
was sterile, as determined by bacteriological studies in our
laboratory. For injection, the preparation was diluted in
Ringer's solution to obtain the desired concentration. Ad
ministration of C. parvum was i.v., 0.4 ml; i.p., 0.4 ml; i.l., 0.1
ml; or s.c., 0.1 ml. For i.I. injection, the material was depos
ited along 6 or more needle tracts through and around the
tumor.

Experimental Plan. Individual experiments comprise a
series of concomitant assays. Mice were assigned randomly
to 1 of the dose levels (of C. parvum and/or radiation) of 1 of
the assays before transplantation. Following transplanta
tion, 3 diameters of the tumor were measured 3 times/week;
volume was estimated by the formula d1d@d3x ir/6 treatment
with C. parvum, and/or radiation was started at fixed times
following transplantation or at the time when the tumor
reached a specific mean diameter. The animals were fol
lowed for 100 days after start of treatment. For a few
assays mice were observed for 200 days. Aegrowth of irradi
ated tumor was extremely rare at more than 80 to 90 days
followingirradiation.

RESULTS

Treatment with C. parvum Alone

Assays have been performed to assist in selecting the
experimental model for the radiation response work. These
were planned to obtain information on the relative impor
tance of anatomical site of transplantation, route of C. par
vum administration, dose and frequency of C. parvum ad
ministration, and tumor size at treatment.

Site of Tumor Transplantation and Route of C. parvum
Administration. Mice bearing 4-mm FSA isotransplants
growing in skin (flank), s.c. tissue (flank), or muscle (leg),
have been treated by a single dose of 350 @gC. parvum
administered i.v. or i.p. The proportions of mice surviving
free of disease at 100 days after treatment are given in Table

C. parvum injected i.v. or i.p. is clearly more effective
against FSA growing i.c. or s.c. than i.m. Further, for FSA
growing in any of the 3 tissues, C. parvum treatment is more
effective if administered iv. than i.p. In separate assays the
effectiveness of 350 j.@gC. parvum given i.v., il., or s.c. to
mice with 5-mm FSA in leg muscle was tested. For s.c.
treatment, a total of 0.1 ml of C. parvum was injected into
the right and left groin and axillary s.c. tissues. Disease-free
survival rates were: 18 of 39 (iv.), 5 of 20 (il.), and 2 of 20
(s.c.), respectively. Again, i.v. appeared the most effective
route; i.l. and s.c. were less effective.

A separate study was made of the il. route. The experi
mental plan was to use 8-mm diameter tumors in the leg and
1 or 3 injections of 350 @gwith 0.1 or 0.4 mI/injection.
Results are shown in Table 2. A cure rate of @20%was
achieved using 1 or 3 injections with either a small or a
relatively large injection volume. The i.l. technique did not
yield results superior to those obtained by a single iv.
injection. Further, we tested the relative efficacy of adminis
tering C. parvum both i.v. and il. For this study, C. parvum
wasadministered:(a) i.v.at 5-mmtumor sizeand il. at 8-mm
tumor size (350 j.@g/injection); or (b) sequence of injections
was reversed.Two to 3 days elapsed between the 2 injec
tions. The proportions of animals cured were: 19 of 29 for
i.v. + il. and 18 of 30 for il. + iv. These results are approxi
mately equivalent but both are superior to those obtained by
i.v. or i.l. alone (p < 0.05).

Dose Response. Treatment was started at 4 days follow
ing transplantation of FSA to the leg; (tumor Â°@2mm in
diameter). Disease-free survival data for mice treated with C.
parvum given iv. in the dose range of 1 to 1000 @gas a
single dose, or 1 to 100 @gas 5 or 10 equal doses, are
presented in Table 3. For this tumor system, there was a
marked fall in efficacy as the dose was decreased from 350
to 100 @g,namely, >10 of 20 to 2 to 3 of 10 disease-free
survival rates. At doses <100 @tg,only 1 of 30 mice survived.
Doses of 700 to 1000 j.@gdid not yield a better survival rate;
however, 5 of 10 mice receiving 1000 @gdied shortly after
the injection. These data suggest there is no advantage to
doses >350 @gin this system: at 350 j.@gthe antitumor effect
is nearly maximal and toxicity is negligible. That increases
in dose do not necessarily lead to higher control rates is
further supported by the data from the multiinjection as
says. Five or 10 injections of 100 @gare approximately of

Table 2
C. parvum treatment (il.) of 8-mm FSA in the leg
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Dose-responseassaysfor disease-freesurvival followingi.v.administered
C. parvum to mice at 4 days after transplantationofFSA

to legMice

freeof tumor/totaltreatedwith
C.parvum at 100daysSingle

dose(pg) Assay1 Assay21000

4/10â€•700
6/10350

10/208/10100
2/103/1035

0/1010
0/101

1/10Multiple

doses,given10times
(@.tg/injection)100

(t@= 24 hr)@5/1070
(t, = 24 hr)1/1035
(t1= 24 hr)2/1010
(t, = 24 hr)2/101
(t, = 24 hr)1/10Multiple

doses,given5times
(pg/injection)100

(t, = 24 hr)5/10100
(t= 48 hr)5/10100
(t = 92 hr) 6/10

Antitumor effect of C. parvum applied at different sizes of theFSAgrowing
in thelegTumor

diameter (mm) at treat- Disease-free survivors at100ment
(350/Lg,C.parvum, iv.)â€•days@2

10/205
18/398
1/610

0/10

C. parvum and Response of Fibrosarcoma to Irradiation

Table 3 In the experiments performed so far, we have established
for this animal tumor system that: (a) C. parvum is most
effective when applied i.v. ; (b) the single dose of 350 @gis
as effective as any treatment protocols tested ; (C)C. parvum
is most effective if administered when the tumor is 5 mm or
smaller; (d) the regression of the, tumor in successfully
treated mice starts after a period of continued tumor
growth; and (e) tumors growing i.m. (leg) were less suscep
tible to C. parvum treatment than those growing i.c. or s.c.
With these observations in mind we performed further ex
periments combining C. parvum with local irradiation of the
tumor. The leg was selected as the site for tumor transplan
tation because it is a convenient site for application of local
radiation and the intermediate level of effectiveness of C.
parvum alone makes easier detection of an improved result
by combining C. parvum and radiation.

Table4

a Five mice died shortly after C. parvum injection; of the remain

ing 5, 4 had complete regressionof tumor.
b@ time between injections of C. parvum.

,. Of the 25 tumor-bearing mice receiving no C. parvum, all died of

the progressivelygrowing tumor.

a Twenty-five animals were given injections with the same dose

of tumor cells and received no C. parvum. All of them died of
growingtumors.

the same effectiveness as a single injection of 350 @g;10
doses of 100 @gare not better than 5 doses of 100 j.@g.
Further, 5 doses of 100 j.tg are of constant efficacy for in
jections given at 1-, 2-, or 3-day intervals.

Tumor Volume at Time of Treatment. The efficacy of C.
parvum treatment depends on tumor size at time of injec
tion (Table 4). Efficacy of treatment was substantially less
for tumor sizes above 5 mm; proportions of cured mice were
18of39at5-mm,1 of6at8-mm,and0ofl0atl0-mmtumor
sizes.

Pattern of Tumor Growth in C. parvum-treated Mice.
Growth curves for individual FSA's growing in the leg have
been constructed for control and C. parvum-treated animals
in each of the â€˜varioustreatment protocols studied. Chart 1
shows growth curves for 19 individual tumors in mice that
received 350 /Lgof C. parvum iv. at the time the tumor was 5
mm in diameter. For comparison, the median tumor volume
in 27 untreated mice is plotted in the same figure as a
function of time. Of the 19 treated mice, 11 had permanent
regression of tumor. Growth of these 11 tumors continued
for 4 to 8 days at control rate or only slightly slower follow
ing C. parvum injection; then, growth slowed and regres
sion commenced. In a few of the successfully treated mice,
growth continued for 2 weeks and reached gross volumes
of >1000 cu mm before regression started. Disappearance
of palpable tumor in these 11 mice was not achieved until 16
to 37 days postinjection. Growth of all 8 unsuccessfully
treated tumors was at a rate slower than the median for
control mice, i.e., there was no evidence of enhanced
growth of this FSA following C. parvum treatment.

U

I@@ I ! I I I i
b 12 18 24 30 36 42 48 54

DAYS AFTER C. PARVUM /NI/EC liON

3000

1000

300

100

30@â€” 60

Chart 1. Growth curves of 19 individual isotransplants of FSA growing in
hind legs of C3Hf/Sed mice that received 350 @.tgC. parvum iv. on the day
when the mean tumor diameter was 5 mm. - - -, median growth curve for 27
tumors growing in untreated hosts.
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Effect ofroute of administrationof C. parvum on disease-free survival when C. parvum is combined wi
irradiation of 8-mm diameter FSA in the legth

localC.

par
vum (350

@g/injec
tion)Tumor

sizeat in
jectionMice

free of tumor/total treated at 100dayswith2250-Route(mm)0200

rads 800 rads 1500rads 2500rads 3000rads 3750rads4300radsNone0/252/39

6/38 7/32 12/3120/2734/40i.v.518/3922/30
25/33 30/35 19/34 30/3910/1324/24i.l.55/200/4

1/5 4/5 4/54/5s.c.52/200/10
1/104/9i.v.

and5 and19/2917/20 21/24 16/19 15/18 16/1918/20i.l.8i.l.and5and18/301/10

10/14 8/15 11/17 16/1612/13i.v.8i.v.

and5 and3/81/7 5/6 4/6 4/6 5/63/5s.c.8
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of low-moderate radiation doses. In fact, at 200to 1500rads
results were worse than for C. parvum alone. C. parvum
administered i.l. at 5-mm tumor size and then i.v. at 8-mm
tumor size and followed immediately by 200 rads was also
less effective than C. parvum alone, i.e., 1 of 10 versus 18 of
30. In contrast, the reverse sequence (i.v. x i.l.) was more
effective when given with 200 rads than if given alone,
namely, 17 of 20 versus 19 of 29. C. parVum improved results
of low-dose irradiation only in those groups to which it was
given i.v., and 4 to 7 days before local irradiation.

Reproducibility of Results. The improvement in effect of
local irradiation by pretreatment with i.v. C. parvum was so
striking, particularly at low radiation doses, that 4 assays
were performed to evaluate the reproducibility of the re
suIts. Data from these assays (Table 6) show a satisfactory
reproducibility. In each assay the success rate at 2250 rads
was less than at 1500 rads (statistical significance testing
give p = 0.007 for the pooled data).

Dose of C. parvum and Radiation Response. C. parvum
wasadministered i.v. as a single dose (1, 10,100,or 350 j.@g)
to mice with 5-mm tumors, and the tumors were irradiated 2
to 3 days later (8 mm diameter). Experimental findings are
that 100 @.tgimproved results of 200, 1500, and 3000 rads but
that at lesser single doses or 5 doses of 10 @gx 5 of C.
parvum there was no advantage (Table 7).

Sequence of C. parvum and Radiation. C. parvum (350
;.@g,i.v.) was given 2 to 3 days before or 48 hr after irradiation
of 8-mm diameter tumor. There was a dramatically lesser
efficacy of C. parvum if it followed local irradiation (Table 8).
For example, at 800-, 1500-, and 2250-rad doses the propor
tions of mice free of tumor at 100 days were 25 of 33 versus
2 of 10, 30 of 35 versus 2 of 10, 19 of 35 versus 4 of 10,
respectively. There were 2 major differences between the 2
treatment schedules. In the postirradiation group, C. parvum
was administeredto mice with 9- to 10-mm tumors and with
irradiated thigh and leg tissue.

C. parvum Combined with Fractionated Irradiation of the
8-mm FSA. As excellent results had been obtained with low
single-dose irradiation of the FSA in mice pretreated with C.
parvum, we wished to determine whether radiation given as
series of very small doses, e.g. , 50 to 100 rads, would be
even more effective. This would give an opportunity for the
host response to the C. parvum to develop while quite

Table 5
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C. parvum and Local Irradiation of FSA Growing in the
MouseLg

Radiation Dose-Tumor Control Response of FSA in Un
treated Mice. Influence of a single dose of local irradiation
on the FSA(8 mm diameter) growing in the mouse leg was
studied in a series of tumor-control assays performed in this
laboratory over the last several years. Representative por
tions of the data are given in Table 5; the total data base is
comprised of response of 361 tumors followed for >100
days after irradiation. The data demonstrate a flat dose
responserelationship, namelythe TCD5Ois @3400rads, and
the radiation doses for control of 5 and 85% of the treated
tumors are 800and 5000rads, respectively.A logistic curve
fitted to the data for doses greater than 1500 rads fits well
(Chart 2; logarithm of dose versus logit of survival probabil
ity). The data for 800 and 1500 rads do not seem to conform
to this overall pattern. Survival rates predicted for 800- and
1500-rad dosages from the logistic curve fitted to the re
maining data are significantly lessthan the observedrate (p
< 0.01 using a 1st-order Taylor-series approximation for the

standard error of a predicted survival rate from the fitted
logistic function). We have never observed local regrowth of
tumors after 100 days (89 mice have been followed for 300
days postirradiation).

Local Irradiation of the 8-mm FSA in Mice Pretreated
with C. parvum. Radiation has been combined with doses of
350 @.tgof C. pan/urn administered by i.v., i.l., s.c., i.v. + i.l.,
i.l. + i.v., and s.c. + i.v. routes. Results are shown in Table 5
and Chart 2. C. parvum administered i.v. prior to local irra
diation of the 8-mm tumor resulted in a marked and dra
matic increase in the efficacy of local irradiation at low dose
levels, i.e. , 200 and 800 rads. For example, at the 800-rad
dose level tumor destruction was achieved in 25 of 33 in the
C. parvum-treated animals versus 2 of 39 in control mice.
However, there was no improvement as radiation dose was
increasedfrom 200to 3000rads in C.parvum-treated mice.
These data are not described by a logistic function. Further,
there is evident a noticeable discontinuity in the dose-re
sponse curve between 1500 and 3000 rad,with the lower
dosage yielding better survival than would be projected
from the data for doses of 2250 to 2500 rads.

C. parvum administered i.I. or s.c. did not improve results
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,, 200 400 800 1500 2500 @500 6000
DOSE (rod)

Chart 2. Tumor control data (100 days) for 8-mm FSA following single
dose irradiation in normal and in C. parvum-treated hosts. 0, normal hosts;.,350@gofC.parvumadministerediv.attumorsizeof5mmandradiation
at tumor size of 8 mm.

Repeated testing of the effectivenesTable
6

5 of C. parvum and local irradiation of 8-mm-diameter
parvum, iv. , at tumor size of 5-mm diameterFSA

in the leg, 350 @.tgC.Radiation

doseAssay0200

rads800 rads 1500 rads 2250rads 3000rads3750 rads4300rads1

2
3
42/9

5/11
5/10
6/97/10

8/10
7/104/4

4/5 2/5 4/5
5/10 9/10 7/10 5/5
7/9 9/10 4/10 6/10
9/10 8/10 6/9 5/92/4

8/95/5 5/5
9/9

10/10Pooled

data18/3922/3025/33
30/35 19/34 30/3910/1324/24

C. parvum and Response of Fibrosarcoma to Irradiation

gentle radiation doses were being applied to the tumor. For
these experiments 10 equal doses with 48 hr between treat
ments were used; the total overall treatment time was 18
days. Small doses of radiation were of striking effect in mice
pretreated with i.v. C. parvum (Table 9). The TCD@()in control
animals was @900rads x 10, but 50 rads x 10 to tumors in
mice pretreated with C. parvum (350 j@gi.v. at 5-mm tumor
size) yielded 8 cured mice of 10. In these assays there was no
evident advantage of i.v. + il. over iv. administration alone.
Also, the sequence of the i.v. and il. injections did not af
fect results. Further, C. parvum was definitely less effective
when injected il. than iv. as an adjunct to fractionated ir
radiation (a similar finding obtained for single-dose irradia
tion).

The sequence of C. parvum and fractionated irradiation
was studied also, with 350 /.Lggiven i.v. at 5-mm tumor size
or 2 days after the start of fractionated irradiation. As with
single-dose irradiation, C. parvum was much more efficient
in magnifying the effect of local irradiation if given prior to
the start of radiation (Table 10). This is more striking at the
low radiation doses. For example, at 10 doses of 100 rads
and 10 doses of 200 rads, the results were 6 of 8 versus 3 of
10 and 11 of 14 versus 1 of 10, respectively.

Survival Times in Unsuccessfully Treated Animals. As
an approximation to survival time we used the time for

. 0

t 4

(â€œ9:@

0

tumor to reach a volume of 4000 cu mm (animals were
sacrificed at tumor volumes of 4000 to @5500).Chart 3
shows the median times for unsuccessfully treated tumors
to grow to 4000 cu mm as a function of radiation dose on a
log-linear grid. These median times pertain only to mice
with tumors that did not regress permanently; cured mice
were not considered in this analysis. At all radiation dose
levels the median times for the tumor to grow to 4000 cu mm
was the same or longer in the C. parvum-treated animals
than in the controls. There was no indication of an acceler
ated growth of the unsuccessfully treated tumor at any
radiation dose level at any combination with C. parvum.

Regression of Tumor following Irradiation in Control and
C. parvum-treated Animals. Tumor growth curves were
constructed for tumors in mice treated by radiation alone or
combined with C. parvum. We have taken as the end point
the time for disappearance of palpable tumor. Median times
for disappearance of tumor versus radiation dose are shown
in Chart 4. For radiation doses 1500 rads the time for
disappearance of tumor was essentially independent of
dose and of C. parvum treatment. At low (<1500 rads)
radiation doses, regression times were longer; these data
are from C. parvum-treated mice as only 2 regressions have
been observed in control mice at these dose levels. Fre
quency of regrowth after the tumors had become nonpalpa
ble is shown in Table 11. Regrowth of tumor from a non
palpable status after radiation doses@ 2500 rads was not
observed in control mice (0 of 15) and in only 1 of 117 C.
parvum-treated animals. At higher radiation doses occa
sional instances of regrowth were noted in both the control
and the C. parvum groups.

Incidence of Distant Metastases in Control and C. parvum
treated mice

Successfully treated mice were sacrificed at 120 days
after tumor implantation, while those with unsuccessfully
treated primary tumor were sacrificed when the tumor
reached >4000 cu mm. Presence of metastatic tumor in the
lung was scored by direct visual examination of all 5 lobes.
Metastases have been observed in only 1 of several hundred
mice (untreated or C. parvum-treated) whose leg tumor had
been eradicated by local irradiation. However, there were
metastases in the lungs of untreated animals, which were
allowed to live until the transplanted tumor in the leg
reached >4000 cu mm, or whose leg tumor grew to that size
after it was unsuccessfully treated. The incidence of gross

,fr._

-

95

90
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Effect of dittorent doses of iv. administered C.parvum (5-mm tumor) and local irradiation
(8-mm tumor) on the cure rate of the FSA in thelegC.

parvum
dose (pg)Mice

free of tumor/total irradiated at >100 days with
No. of in
jections 0 200 rads 1500rads 3000rads3501

18/39 22/30 30/3530/391001
5/10 3/10 7/105/10101
0/10 0/10 2/103/1011
0/10 0/10 1/106/1010@a
0/10 1/9 5/104/9None0/25

6/38 12/31

Effect of the sequence of treatments with C. parvum and a single dose of local radiation
of mice with 8 mm FSAgrowing in the legon

thecureC.

parvum (350Mice
free of tumor/total irradiated at 100days (v =1)0

400 rads 800 rads 1500 rads 2250rads3000radsAt

5-mmtumor18/39 25/33 30/3519/3430/39sizeAt48hrafter1/6

1/10 2/10 2/104/104/9irradiation

Effect of a singledose of 350 @gof C.parvum and fractionated irradiation on the cure of micewith 8-mmFSA inthelegC.

par
vum in
jectionTumorMice

cured/total irradiatedâ€•with50100200

400 5507008009501200Routesize
(mm)0radsradsrads rads radsradsradsradsradsNone0/250/10

1/102/116/910/10i.v.518/398/106/811/14
12/157/810/104/4il.55/203/5

2/52/42/4i.v.
and5 and19/295/96/8 5/87/9i.l.8il.

and5 and18/305/95/7 7/98/8iv.8

H. D. Suit et a!.

Table 7

a Injections were given at 48-hr intervals.

Table 8

Table 9

a Radiation administered in 10 equal doses with 48 hr between treatments.

tive study of the antitumor effect of the 2 agents, found C.
parvum more effective than Bacil!us Ca!mette-GuÃ«rin.

Independent of that comparison, however, C. parvum has
been shown in our experiments to be a very powerful antitu
mor agent, this being in complete accord with a number of
reports (6, 10, 11, 13, 17, 18, 23). These results also corrobo
rate reports by Milas et a!. (14) and ourselves (22), that C.
parvum may greatly enhance the therapeutic effect of local
radiation on isotransplants of the antigenic FSA. Together
with observations that C. parvum increases the efficacy of
selected chemotherapeutic regimens (2, 5, 15), our results
emphasize the potential usefulness of the bacteria for a
combined antitumor therapy with methods currently in use.

Although these general statements hold true, it should be
stressed that the effectiveness of C. parvum depends on a
number of experimental variables. One of them is the route
of administration; i.v. injection was superior to any other
route of application (Tables 1 and 2). Since the antitumor
effect of C. parvum seems to depend on the systemic stimu
lation of the host's defense (1, 7, 13, 15, 16), such a result is
not surprising. In our experiments the i.l. route was not as

metastases in lungs of untreated and C. parvum-treated
(350 @gi.v. at 5-mm tumor size) mice whose leg tumors
were not eradicated by irradiation was 29 of 122 versus 3 of
40, respectively(p < 0.05; 2-step@ test) (Table 12). Compa
rable frequencies of metastases to lung were found in the
groups treated unsuccessfully with i.v. + i.I. C. parvum and
local irradiation (@11%).

DISCUSSION

The FSA used in this series of experiments is immuno
genic, as demonstrated by previous work (20). Our earlier
efforts to increase the response of the FSA to local irradia
tion with complete Freund's adjuvant were unsuccessful. In
these, Freund's adjuvant was given at or after local irradia
tion. In the present study, C. parvum, in the same time
sequence, was of minimal effect. It is, therefore, impossible
to make any comparison of the effectiveness of Freund's
adjuvant and C. parvum based on these results. Neverthe
less, V. V. Likhite (personal communication) in a compara

1310 CANCERRESEARCHVOL. 36

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396872/cr0360041305.pdf by guest on 19 M

ay 2023



Influence of the sequence of treatment with C. parvum (350 pg iv.) and the initial
fractionated irradiation on the cure of mice with 8-mm FSA in thelegMice

cured/total irradiatedâ€•with 10dosesofC.

parvum treatment 100 rads 200 rads 400 rads 600 rads800radsAt5-mmtumor

6/8 11/14 12/15 7/8
size

At 2nd radiation 3/10 1/10 7/9 5/9
treatment10/10

6/10

0 1000 2000 3000 4000 5000

C. parvum and Response of Fibrosarcoma to Irradiation

Table 10

a Doses were applied 48 hr apart.
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Chart 4. Median times for the successfully irradiated FSA to regress to a
nonpalpable status. Radiation was administered as a single dose to 8-mm
diameter tumors. â€¢,normal hosts; 0, C. parvum-treated hosts, 350 @giv. at
5-mm tumor size; vertical bars, approximately Â± @.E.

process caused by C. parvum may be accelerated following
a 2nd injection of this microorganism. The question may be
resolved by assuming that a certain dose of C. parvum may
be required to bring about an optimal antitumor effect.
Above that dose level there may be no advantage in apply
ing higher doses (Table 3). The required level of C. parvum
may be attained either with a larger single dose, as in our
case (see also Ref. 13) or by repeated smaller doses. Con
nected with the question of multiple versus single doses is
the observation by Woodruff et a!. (24) that repeated injec
tions of C. parvum, causing an increased titer of specific
antibodies, do not seem to preclude the antitumor effect of
the bacteria.

Another important determinant of the success of C. par
vum treatment is the size of the tumor at the time of its
application. The i.v. administration of the effective dose of
350 @gof C. parvum shows its greatest efficacy only if the
tumor was not larger than 5 mm in diameter (Table 4).
Obviously, the dose injected has increased the resistance to
some extent and that greater resistance may not be enough
to deal with a larger tumor, continuously growing.

There is no obvious explanation for the marked difference
in the effectiveness of a specified dose regimen of C. par
vum to affect growth of tumors in hosts derived from a
population of highly inbred mouse strain. That is, in some
hosts following C. parvum treatment there was complete
and permanent regression, while in other apparently identi
cal mice growth of tumor was only slightly retarded. Study

DOSE (rods)
Chart 3. Median times for unsuccessfully irradiated FSA's to grow to 4000

cu mm. Radiation was administered as a single dose on the day when the
tumor was 250 cu mm (8-mm diameter). Vertical bars, approximately Â± @.E.;.,normalhosts;0,C.parvum-treatedhost,350.tggiveniv.at5-mmtumor
size.

effective as in some published reports (10, 11), despite the
fact that we have repeatedly tried to examine that route
(Table 2); this difference may simply reflect discrepancies in
experimental details. Scott has found (18) that C. parvum
injected s.c. far from the tumor did not affect tumor growth,
but a local injection into the draining lymph node markedly
inhibited the tumor growth.

Another important variable influencing the effectiveness
of C. parvum in our experiments was the site of tumor
growth. It is quite clear that the same tumor growing i.c. or
s.c. is more susceptible to application of C. parvum than
that growing in the muscles of the leg (Table 1). A better
physiological environment may be offered by s.c. tissues for
expression of resistance of the host, brought about by the
injection of C. parvum. This fact may deserve consideration
when planning the application and evaluating the likelihood
of success of C. parvum treatment.

We have also examined the efficacy of different single and
multiple doses of C. parvum given iv. (Table 3). Our conclu
sion was that a single dose of 350 @gcaused an antitumor
effect equal to that of any other more intensive regimen.
That dose was also well below the toxicity level of C. par
vum. Scott has reported (17) that multiple doses of C. par
vum were not more effective than single ones. On the other
hand, Bomford and Christie (3) observed that the activation
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Importanceof comp!ete regression following irradiation of FSA on frequency ofregrowthTumors

that recurred after complete regression/total irradiationat200-

2250â€”C.
parvum800 25003750treatment0rads

1500rads rads 3000rads rads 4300radsNone0/2

0/7 0/6 2/8â€• 4/20'3/24a0.35
mg iv.0/160/57 1/2@ 0/17 3/19@ 1/9c0/24at
5mmtumor

size

Table12Incidence
of spontaneous metastases in lungs of mice sacrificed when the FSA in theleggrew

up to 4000cu mm after unsuccessfultreatmentwith local irradiation. Prior tolocalirradiation
the mice were either untreated or received C.parvumMice

with metastases/total irradiatedwith2250-Preirradiation

800 2500 30003750treatment
rads 1500rads rads rads radsTotalNone

4/37 11/32 2/25 5/15 7/1329/122'C.
parvum (350 0/8 1/5 2/15 0/9 0/33/40â€•@Lg

at5-mm/tumor)

H. D. Suit et a!.

Table 11

a No palpable tumor status for 5, 7, 10, 13, 21, 21, 21, and 24 days.
b This tumor was scored â€˜â€˜no definite tumor' â€õr NDT on 2 successive measurements and then

definite tumor was palpated (NDT status for less than 1 week). This lesion did not at any time
becomeâ€˜@ no tumor.â€•

C No palpable tumor status for 21 , 28, 35, and 81 days.

a The incidence of 29/122 in significantly higher (p < 0.05) than 3/40.

of the responseof the individual animals to C. parvum and
to their tumors might be helpful in assessing the factors
associated with failure of the C. parvum-stimulated host
reaction to effect tumor regression. Such studies are in
progress.

C. parvum given i.v. before local irradiation sharply im
proved the results of low-dose-level irradiation of this FSA
but affected only slightly the response to higher doses (3500
to 3750 rads). Surprisingly, in the C. parvum-treated hosts
there was no increase in cure rate with increase in dose
from 200 to 3000 rads; in fact, the survival rate at 2250 to
2500 rads was less than at 1500 rads (Table 6, Chart 2). This
might indicate that the response to local irradiation sup
presses a component(s) of the effector side of the host
rejection reaction. Additional support for this possibility is
found in the data from several of the assayslisted in Table 5.
For example, when C. parvum was given i.I. + i.v., s.c., and
s.c. + i.v., there were fewer tumor-free survivors for C.
parvum and 200 rads than for C. parvum alone. Further, C.
parvum administered i.v. was not as benefical if given after
rather than before the start of irradiation (Table 8). Finally,
regrowth of tumor was not observed if tumor regressedto
nonpalpable status following C.parvum treatment alone or
after radiation (2500 rads) alone or combined with C.
parvum. Local recurrence (regrowth from nonpalpable sta
tus) has been observed only following radiation doses
3000 rads. These findings imply that there is a complex
balance of factors that determine the final radiation re
sponse in the individual animal, namely:(a) proportion and

number of tumor cells killed by the radiation and by the host
rejection reaction; and (b) a possible effect of changes
induced by local irradiation to interfere in some manner
with the host rejection reaction. Evidence that transplanta
tion of this same FSA occurs with the same frequency in
normal and locally heavily irradiated tissue of normal recipi
ents has been presented earlier (20). However, recent and
unpublished data from our laboratory indicate that, if the
transplantation is performed at 6 weeks instead of shortly
after local irradiation, the take rate is less in the irradiated
tissues.

Fractionation of radiation dose usually results in a reduc
tion of radiation-induced changes in normal tissue for a
specified probability of tumor destruction, although the to
tal radiation dose is usually substantially higher in fraction
ated than in single-dose treatments. Thus, it was interesting
to compare single-dose and fractionated irradiation in
achieving control of tumor in C. parvum-treated mice (Ta
bles 9 and 10). The fractionated radiation might also make a
more favorable situation than a single dose since repeated
small doses may allow a better response of the animal to C.
parvum stimulation. For mice pretreated with C. parvum
(350 @.L9at 5-mm tumor size) there was a broad range of
radiation doses that increased tumor-free survival from 40%
(no radiation or control level) to 75 to 80%; this effect was
the same for single-dose and fractionated irradiation, and it
was almost dose independent (Chart 5). In contrast, using
normal hosts (no C. parvum) the total dose for fractionated
irradiation was about twice the single dose for any level of
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C. parvum and Response of Fibrosarcoma to Irradiation
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Chart 5. Comparison of dose-response assays for FSA (8-mm diameter,

growing in leg) treated by single-dose and fractionated-dose irradiation. For
the latter, radiation was given in 10 equal doses with 48 hr between fractions;
total time of treatment, 18 days. Assays were performed using normal or C.
parvum-treated (350 @ggiven iv. at 5-mm tumor size) hosts. â€¢,single dose.
normal hosts: x , fractionated dose. normal host; 0, single dose, C. parvum
treated hosts; @,fractionated dose, C. parvum-treated hosts.

capacity of the various constituents of the tumor bed to
remove the killed cells. An important component of the last
mentioned factor would be expected to be the macro
phages. Despite the fact that the macrophages in C. par
vum-treated animals are activated (1, 3, 7, 13, 19, 24),
regression of tumor in C. parvum-treated animals was the
same as in control animals.

Our findings of an increased efficacy of local irradiation
of this FSA in mice pretreated by C. parvum are similar to
those of Milas et a!. (14) and our own (22). Also, Yron et a!.
(25) have found that the response to local irradiation of a
murine mammary carcinoma is greater in mice pretreated
by methanol-extraction residue of Bacillus Calmette
Guerin. Current work in our laboratory shows that the effect
of C. parvum in improving results of local irradiation varies
widely with the tumor being studied.4

In present experiments we have never found enhanced
growth of the FSA's under any treatment regimen with C.
parvum. If anything, tumors that did not regress completely,
and recurred, grew somewhat slower in C. parvum-treated
than in untreated mice (Charts 1 and 3). It seems, therefore,
that unlike some other immunostimulants (12) C. parvum
did not cause enhancement of tumor growth. The results of
the survival rates in unsuccessfully treated mice (Chart 3), of
the regression of tumors after C. parvum therapy (Chart 4),
and of the incidence on distant metastases after treatment
with the bacteria (Table 12) all point to that conclusion.

1313

ACKNOWLEDGMENTS

We wish to acknowledge the excellent technical assistance provided by
Daniel Hallman, Christopher Pilot, and Michael Shywader. We are very appre
ciative of the very fine support provided in preparation of this manuscript by
Claire Hunt and Kathleen Ward. The Department of Medical Arts of the
Massachusetts General Hospital prepared the art work and prints for the
charts in this manuscript.

REFERENCES

1. Adlam, C., and Scott, M. T. Lympho-reticular Stimulatory Properties of
Corynebacterium parvum and Related Bacteria. J. Med. Microbiol., 6:
261-274, 1973.

2. Amid, J. L., and Berardet, M. An Experimental Model of Active Immu
notherapy Preceded by Cytoreductive Chemotherapy. European J. Can
cer, 6: 557-559, 1970.

3. Bomford, R., and Christie, G. H. Mechanism of Macrophage Activation by
Corynebacterium parvum. II. In Vivo Experiments. Cellular Immunol., 17:
150-155, 1975.

4. Cohen, A., and Cohen, L. Radiobiology of the C3H Mouse Mammary
Carcinoma: Comparative Radiosensitivity of the Tumor Prior to Implanta
tion and of the Established Tumorln Situ. Brit. J. Cancer, 7: 231, 1953.

5. Currie, G. A., and Bagshawe, K. D. Active Immunotherapy with Coryne
bacterium parvum and Chemotherapy in Murine Fibrosarcomas. Brit.
Med. J., 1: 541-544, 1970.

6. Halpern, B. N., Biozzi, G., Stiffel, E. et al. Inhibition of Tumor Growth by
Administration of Killed Corynebacterium parvum. Nature, 212: 853-854,
1966.

7. Halpern, B. N., Prevot, A. T., Biozzi, G., Stiffel, C., Mouton, D., Morard, J.
C., Bouthillier, Y., and Decreusefond, D. Stimulation of the Phagocytic
Activity c,f the Reticuloendothelial 5ystem Provoked by Corynebacterium
parvum. RES J. Reticuloendothelial Soc., 1: 77-96, 1963.

8. Hranitzky, E. B., AIlman, R. R., Suit, H. D., and Moore, E. B. A Cesium-i 37
Irradiator for Small Laboratory Animals. Radiology, 107: 641 -644, 1973.

9. Jurin, M., and Suit, H. D. In Vivo and in Vitro Studies of the Influence of
the Immune Status of C3Hf/Bu Mice on Effectiveness of Local Irradiation
of Methylcholanthrene-inducedFibrosarcoma.CancerRes.32: 2201-
2211,1972.

10. Likhite, v. v., and Halpern, B. N. The Delayed Rejection of Tumors
Formed from the Administration of Tumor Cells Mixed with Killed Cory
nebacterium parvum. Intern. J. Cancer, 12: 699-704, 1973.

11. Likhite, v. v., and Halpern, B. N. Lasting Rejection of Mammary Adeno
carcinoma Cell Tumors in DBA/2 Mice with Intratumor Injection of Killed
Corynebacterium parvum. Cancer Res., 34: 341-344, 1971.

12. Mathe, G., Kamel, M., Dezfulian, M., Halle-Pannenko, 0., and Bourut, C.
An Experimental Screening for Systemic Adjuvants of Immunity' â€Ãppli
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effect. Apparently, quite small doses are highly effective in
improving results of C. parvum treatment and higher doses
do not yield better results (>80%) until the dose level ap
proaches that which yields results in â€”80%cure in normal
hosts.

Regression of tumor following local irradiation depends
on the complex interaction of a large number of factors.
These include: relative and absolute number of tumor cells
inactivated by radiation and by host reaction; time distribu
tion of lysis and disintegration of inactivated cells; and
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