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Effect of Local Immunotherapy of Syngeneic Rat Fibrosarcoma with
Hapten and Antihapten-Tumor Serum upon Nonlocally Treated
Tumor1
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ABSTRACT

Previously, we produced complete regression of allogeneic
and syngeneic rat tumors by in situ tumor modification with a
hapten, L-phenylalanine mustard (PhM), followed by i.v. admin
istration of an antiserum developed against PhM-tumor extract
conjugate.

To evaluate the effect of this local treatment on untreated
tumors, only one of two syngeneic methylcholanthrene-induced
rat fibrosarcomas transplanted to both thighs of Lewis rats was
treated. The syngeneic antiserum produced against the con
jugate of PhM and fibrosarcoma extract contained PhM-spe
cific antibody and a barely detectable level of antibody specific
to the conjugate.

All of the paired tumors in untreated rats progressively grew
and killed the hosts. Intnatumonal(i.t.) injection of PhM only to
the left tumor followed by i.v. administration of the antiserum
produced uniform regression of all tumors, with disappearance
of both treated (6 of 11 animals) and untreated (9 of 11 animals)
tumors and prolonged survival time. Of the tumors which dis
appeared, three treated and five untreated tumors did not
recur, and two rats were cured. The substitution of antiserum
with normal serum or the substitution of the i.t. injection of PhM
with s.c. PhM injection resulted in a significantly lower effect
on both paired tumors, and there were no cures, indicating that
the combination of i.t. injection of PhM and antiserum is impor
tant for successful tumor regression.

Regression of the uninjected tumor was significantly greater
in the PhM i.t.-antiserum group than in any other PhM-injected
group. This difference cannot be explained by a systemic effect
of PhM. In addition, the effect of PhM i.t.-antisenum on the
uninjected right side tumor was markedly reduced by the
excision of PhM-injected left side tumor. These results suggest
that treated and retained regressing tumor tissue may be
beneficial for the regression of the uninjected tumor.

Interestingly, each pair of tumors synchronously changed its
volume with a highly significant positive linear correlation,
regardless of treatment modality, differences in tumor growth
patterns, or differences in initial sizes of the paired tumors. In
the PhM i.t.-antiserum group, this correlation seems to suggest
the induction of systemic effects by the local treatment.

INTRODUCTION

There is mounting evidence on the potential usefulness of
tumor-associated antigens for immunotherapy of cancer. How
ever, these antigens appear to be generally ineffective not only
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in inducing immune response but also in acting as a potential
target for selective immunological attack.

After demonstrating the haptenic activity of PhM,3 Burke et
a!. (8) injected PhM i.v. into mice with established ependymoma
to conjugate it to the tumor tissue and followed this with an i.v.
injection of anti-PhM serum. This approach produced inhibition
of tumor growth, although a relatively high incidence of ana
phylaxis-like immediate mortality was noted. Ineffectiveness of
either PhM or antiserum alone and the immunological nature of
the inhibition mechanism were also demonstrated.

This suggested to us that the problem of ineffective tumor
antigen in immunotherapy might be overcome by the use of a
hapten. To explore this possibility, we confirmed the haptenic
activity of PhM (2, 3). The rat antisera induced with PhM
conjugated extracts of allogeneic (3) or syngeneic (2) tumor or
of normal tissue (3) and the rabbit antisera produced against
PhM-conjugated rat tumors (2, 3) or human tumors (3) were
specific to PhM. These antisera also sometimes contained low
titers of antibodies independently specific to hapten-cannier
conjugate and/or carrier.

In our immunotherapy model, an i.t. injection of PhM was
followed by an i.v. injection of antiserum produced against the
conjugate of PhM and tumor extract. Although the induction of
a hapten-mediated immune njury of the tumor tissue was the
purpose of this approach, carrier protein derived from the
target tumor was used in antiserum production to take advan
tage of carrier (tumor)-specific antibody in addition to the
hapten-specific antibody. PhM was given i.t. to avoid the mom
tality noted by Burke et a!. (8), which might be due to a reaction
between a PhM-plasma protein conjugate created by the i.v.
PhM injection and subsequently administered anti-PhM anti
body. A single treatment with this approach produced complete
regression of established allogeneic tumor and cured most
animals (4). Subsequent studies with a syngeneic rat tumor
and a syngeneic antiserum yielded similar regression (2), ruling
out the theoretical possibility that the tumor regression might
be caused by histocompatibility antigens. Since syngeneic
antiserum has no clinical relevancy, a xenogeneic antiserum
absorbed with normal rat tissue was then studied in the same
syngeneic tumor model. This also produced a similar response
without recognizable side effects (2). In all studies, regression
following PhM plus antiserum treatment was always signifi
cantly greater than that of PhM i.t. injection, although antiserum
alone was generally ineffective. Thus, the effectiveness of this
treatment system is consistently reproducible. It is due to
neither PhM nonantiserum alone but probably to the interaction

3 The abbreviations used are: PhM, L-phenylalanine mustard; it., intratumoral;

MCi , methylcholanthrene-induced rat fibrosarcoma; AC33: Undifferentiated rat
mammarycarcinoma appeared after dimethyl-fl-aziridinopropionamide treatment.
id. , intradermal; BCG, Bacillus Calmette-Gudrin.
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of both at the tumor site along with the local cytotoxic effect of
PhM.

Interestingly, the injection of PhM into only one of bilateral
tumors, followed by an i.v. administration of antiserum, caused
complete regression of both tumors in our allogeneic rat tumor
model (5).

The present study, which uses syngeneic antiserum and rats
with bilateral syngeneic tumors, was performed to confirm the
response of the untreated tumor. In addition, an attempt was
made to determine if there is any relationship between growth
or regression patterns of the treated and untreated tumors.

MATERIALS AND METHODS

Animals.InbredmaleLewisrats(LEW/Mai),weighingap
proximately 200 g (Microbiological Associates, Inc., Walkers
ville, Md.), were used throughout the experiment. The age of
rats used in the immunotherapy experiment differed by no
more than 1 week.

Tumors.Fibrosancoma(MCi) syngeneicto Lewisrats (2)
was used. The weak antigenicity of this tumor in Lewis rats was
indicated in the work by Ziegler et a!. (23). However, immuni
zation of Lewis rats with an extract of MCi tumor did not
produce any detectable tumor-specific antibody (2). Transplan
tation s.c. of 2 x 106 viable cells of this tumor is 100% fatal to
LEW/Mai rats.

AC33 syngeneic to Lewis rats (2) was also used as one of
the carrier protein sources. The antigenicities between MCi
and AC33 tumors are distinct as determined by the amputation
of AC33-beaning tails of rats and challenging the animal with
either tumor.4

HaptenicAgent. PhM was used(courtesyof Dr. Wayne
Brenckman, Jr. , Burroughs Wellcome Co., Research Triangle
Park, N. C.), as in our previous studies (2â€”5).The haptenic
activity of this agent has been established (2, 3, 8). PhM
directly conjugates with proteins in vitro (3, 8) and seems to
conjugate in vivo with the tissue at the injection site (2). We
showed previously that i.t. or i.d. injections of PhM solution
without cannierare able to produce anti-PhM antibody in rats
(3). Taking advantage of the altered vascular permeability in
the tumor tissue, Burke et a!. (7, 8) were able to haptenize the
cells of malignant ependymoma by i.v. injection of PhM. Al
though this is an alkylating anticancer agent as well as a
hapten, it has been confirmed that the effect produced by this
agent and specific antiserum is not due to the effect of PhM
alone (2, 3, 8).

Preparation of Carrier Proteins. Carrier proteinswere pre
pared from MCi tumor, AC33 tumor, and rat normal tissue as
described previously (3). The pooled normal tissue included
liver, heart, spleen, and muscle. The tissue was minced, ho
mogenized in an ice bath, and extracted with distilled water,
and the protein-rich supemnatantwas lyophilized. The extracts
of MCi tumor, AC33 tumor, and normal tissue are designated
accordingly.

PhM Conjugation. The lyophilizedextracts of MCi , AC33,
and normal tissue were conjugated with PhM by the method of
Burke et a!. (8) utilizing a 3.5-mg/mI PhM solution rather than
the 1.75-mg/mI dose that we used previously (3). After evalu
ating different concentrations of PhM, this concentration was

4 K. Arai, J. S. Spencer, and H. W. Wallace, unpublished data.

found to be the most effective for production of a potent
syngeneic antiserum, probably due to the lower immunogen
icity of the syngeneic carrier compared to the previous allo
geneic carrier (3).

Production of Antiserum. A mixture composed of 20 mg of
PhM-MC1 antigen in 0.5 ml of 0.9% NaCI solution and 0.5 ml
of Freund's complete adjuvant was divided equally and injected
s.c. into each gluteal area of the rat. One month later, 20 mg
of antigen were given i.p. The animals were bled by cardiac
puncture 2 weeks after the last injection.

PhM Solution for Injection. PhM solutionwas freshly pre
pared before use as described previously (4). Briefly, 100 mg
of PhM were dissolved in 2 ml of 0.1 N HCI with minimum
warming and cooled to 25Â°,and 3 ml of 0.9% NaCI solution
were added. The concentration of solution was adjusted to 5
mg/mI (final pH, 6.6) with 0.1 5 M phosphate buffer (pH 8.0).

Specificity and Titer of Antiserum. The specificity and titer
of the pooled anti-PhM-MC1 serum were determined by micro
double gel diffusion as described previously (3). Agar (agarose;
Sigma Chemical Co., St. Louis, Mo.), 0.8% in 0.02 Mphosphate
buffer (pH 7.2), was placed between a plastic template with 2-
mm-diameter wells and a glass slide precoated with agar. The
antigen and antiserum were applied in I 5-@lamounts into the
wells. The concentration of all antigens was 30 mg, dry weight,
per ml. The titer was determined by applying the antiserum in
serial dilution against PhM-conjugated or unconjugated MCi,
AC33, and normal tissue antigens.

The specificity was also determined with concentrated frac
tions of the antiserum prepared by Rivanol-ammonium sulfate
fractionation (12) to supplement the low sensitivity of the gel
diffusion method. As described previously (2), after removal of
Rivanol by the addition of NaCI (final concentration, 5%), the
supemnatantand sediment were further fractionated with am
monium sulfate (final concentration, 50%). The precipitates
were dialyzed and lyophilized. All of the supemnatantsfrom the
ammonium sulfate fractionation were also pooled, dialyzed,
and lyophilized.

The 3 lyophilized fractions, a Rivanol supemnatant-ammonium
sulfate sediment fraction, a Rivanol sediment-ammonium sul
fate sediment fraction, and the remaining fraction of antiserum,
were reconstituted with distilled water to 30 mg/mI. The elec
trophonetic characteristics and the specificity ofthese fractions
were determined by microzone electrophoresis (Beckman In
struments, Inc., Palo Alto, Calif.) and gel diffusion.

ImmunotherapyExperiment.Boththighsof the ratswere
given s.c. injections of 2 x 106 viable cells (trypan blue
exclusion) in 0.5 ml of Hanks' balanced salt solution. Ten days
after transplantation, the maximum diameters of the tumors
weremeasured3-dimensionally(2)withVerniercalipers.The
product of the diameters was expressed as a tumor volume
and used as an index of tumor volume change. PhM was
injected (0.25 mg/cu cm tumor) either i.t. into the left tumor or
s.c. at a site 1 cm from the edge of the left tumor. Three hr
later, anti-PhM-MC1 serum or normal serum (0.005 ml/g body
weight) was administered i.v. through the tail vein.

Both sena had previously been incubated at 56Â°for 30 mm.
The antiserum was concentrated by lyophilization to double the
titer against PhM-MC1 antigen (1:32). The normal serum was
similarly concentrated. The tumor volume was measured for 9
consecutive days and on the 12th, 17th, 21st, and 34th post
treatment days. Daily observation of the tumors was continued,
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and the survival time of the animals was recorded. All tumor
measurements were performed by a single person throughout
the experiment.

Fifty rats with established tumors (left tumor average size,
3.3 cu cm; right tumor average size, 2.6 cu cm) were divided
into 5 groups. There were no significant differences between
the groups with respect to body weight or tumor volume of
either side (Table 2).

The experimental groups were as follows: PhM-antisemum
group, 11 rats that received PhM i.t. into the left tumor followed
by antiserum i.v.; PhM-normal serum group, 11 rats that re
ceived PhM i.t. into left tumor followed by normal serum i.v.;
PhM s.c.-antiserum group, 9 rats that received PhM s.c. at a
site 1 cm from the left tumor followed by antiserum i.v.; PhM
antiserum-excision group, 9 rats that received PhM i.t. into the
left tumor followed by antiserum i.v. Immediately after the
antiserum injection, the PhM-injected tumor was surgically
excised under anesthesia (i.p. sodium pentobarbital). The
wound was irrigated with sterile 0.9% NaCI solution, sutured,
and shielded with a plastic covering (Aenoplast dressing; Park,
Davis and Co., Detroit, Mich.). The no-treatment group con
sisted of 10 rats.

The tumor growth and survival times of each group were
compared by one-way analysis of variance and linear contrast.
In comparisons of incidences of tumor regression (>50%) and
complete tumor disappearance, the x2 test was used. Differ
ences were considered significant when p was smaller than
0.05.

Determination of Relationshipbetween the PairedTumors.
To evaluate whether there was any definite correlation between
the growth patterns of paired tumors, the correlation coefficient

was determined with the volumes on Days 0 to 9, 12, 17, and
21 or until either the animal died or one of the paired tumors
disappeared. In addition, a least square regression line of
untreated tumor volume on treated tumor volume of each
individual animal was also determined. Since the degree of
correlation may be affected by the difference in size of paired
tumors, i.e. , if the treated tumor was larger or smaller than the
untreated tumor, the correlation coefficient was compared
against the ratio of initial sizes of the paired tumors (left tumor
volume/right tumor volume).

RESULTS

Specificity and Titer of Antiserum

In double-gel diffusion, the pooled anti-PhM-MC1 serum did
not show any reaction with the unconjugated MCi , AC33, and
normal tissue antigens but produced a common precipitation
line specific to these antigens conjugated with PhM. This
antiserum also frequently produced an additional very weak
line specific only to PhM-MC1 in repeated determinations.

Among the 3 fractions obtained by the Rivanol-ammonium
sulfate fractionation, only the Rivanol supemnatant-ammonium
sulfate sediment fraction was immunologically active and
showed electrophoretic migration peaks at f@and y positions.
The specificity of this fraction was identical to the original anti
PhM-MC1 serum. The maximum dilution giving a positive me
action was 1:16 against all PhM-conjugated antigens in gel
diffusion. The characteristics of this antiserum are similar to
another batch of syngeneic anti-PhM-MC1 serum determined
in a previous study (2).
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Chart 1. Tumor growth curves of left-sided tumors (top) and right-sided tumors (bottom) of individual rats in each group after the treatment of left tumor. The
product of 3-dimensional diameters is expressd as tumor volume. A, no-treatment group; B, PhM it-antiserum iv. group; C, PhM it-normal serum iv. group: 0, PhM
s.c-antiserum iv. group: E, PhM it-antiserum i.v.-excision group. â€¢,tumor disappearance followed by recurrence; 0, tumor disappearance without recurrence; t
death occurring within the period shown.
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reappeared 1 week later and ultimately killed the host with a
slight prolongation of survival time.

Comparisonof Groups

The tumor volumes of each group on each day were com
pared by one-way analysis of variance and linear contrast
(Table 1). Compared with the no-treatment group, all 4 PhM
injected groups showed a significant growth inhibition of both
treated and untreated tumors after the fourth posttreatment
day. The cytotoxicity of PhM might be responsible for this
general inhibition. However, inhibition of the treated tumor in
the PhM-antiserum group was significantly greater than that of
the PhM s.c.-antisemum and PhM-normal serum groups. In
addition, the inhibition of the untreated tumor was also signifi
cantly greater in the PhM-antiserum group than in any other
PhM-injected group. Except for a transient difference of treated
tumor volumes between the PhM-nonmal serum group and the
PhM s.c.-antiserumgroup on the fourth to fifth posttneatment
days, there were no significant differences among the PhM
normal serum, PhM s.c.-antiserum, and PhM-antiserum-exci
sion groups in comparison of either treated or untreated tu
moms.

The PhM-antiserum group also showed a significantly greater
response than any other group in comparing the incidence of
tumor volume reduction greaten than 50% ( p < 0.001 ) and of
tumor disappearance (p < 0.001 ), regardless of whether the
treated or untreated tumor is considered. The differences
amongothergroupswerestatisticallyinsignificant(Table2).

The survival time of the PhM-antisenum group was signifi
cantly longer (p < 0.01 to 0.001 ) than any other group, and
cures of animals occurred only in the PhM-antiserum group.
The differences among the survival times of the PhM-normal
serum, PhM s.c.-antiserum, and PhM-antiserum-excision
groupswerenotsignificant,butthese3 groupsshowedsignif
icantly (p < 0.05) longer survival times than the no-treatment
group (Table 2).

Relationbetweenthe PairedTumors

A highly significant (p < 0.001 ) positive linear correlation
between the volumes of the paired tumors of each individual
matwas found in all animals. The correlation was also significant
if determined with the growth rate (given tumor volume/pre

Table 1

Resultsof Treatment

No-Treatment Group (Chart I A ). Paired tumors in all rats
progressively grew and killed the hosts between the 12th and
15th posttneatment days.

PhM-Antlserum Group (Chart I B ). All paired tumors, re
gardless of whether PhM was injected, began regressing be
tween the third and fourth posttreatment day, and all of them
showed more than 50% reduction of volume. The average
volumes reduced to 18.6% of the pretreatment volume in the
injected tumors and to 16.5% in uninjected tumors by the ninth
day. Although paired tumors in 2 rats resumed growth early,
the remaining 9 rats showed continued regression of their
tumors with disappearance of both tumors in 6 rats and one
tumor in 3 matsbetween the 8th and 16th posttreatment days.
In the 3 rats in which one tumor disappeared, the other tumor
was barely palpable. Of the tumorswhichdisappeared,3 of 6
injected and 5 of 9 uninjected tumors did not recur. Finally, 2
rats survived without any recurrence of paired tumors up until
the time of sacrifice, 100 days after the transplantation. The
injected tumors and uninjected tumors showed a similar pattern
in growth curves.

PhM-Normal Serum Group (Chart 1C). All of the paired
tumors showed some degree of regression, but the onset of
the regression seemed to begin slightly later (4th or 5th post
treatment day) than those of the PhM-antiserum group. The
pained tumors in 10 of I 1 rats quickly resumed growth during
the 6th to 12th posttreatment days. In one rat, the uninjected
tumor disappeared on the 21St posttreatment day, but the rat
eventually died with slowly growing bilateral tumors. Only 3 of
the 11 animals showed a tumor volume reduction greater than
50%.

PhM s.c.-Antiserum Group (Chart 1D). Seven of 9 rats
showed some degree of tumor regression, while 2 others
showed only slight growth inhibition of their paired tumors.
Those temporarily regressed tumors quickly resumed their
growth. Only one treated tumor showed greater than a 50%
reduction in size.

PhM-Antiserum-Exclsion Group (Chart 1E). The early ex
cision of tumors treated with PhM-antiserum markedly reduced
the effect on the uninjected tumors. A reduction of tumor
volume greater than 50% occurred in 5 of 9 tumors. One of
these 5 tumors disappeared on the ninth posttreatment day but

a By one-way analysis of variance and linear contrast. There were no significant differences between tumor volumes of each group on the

day of treatment.
b PA, PtsM it-antiserum iv. group: PN, PhM it-normal serum iv. group: PSA, PhM s.c-antiserum iv. group: PAE. PIiM it-antIserum iv.

excision of treated tumor group: NO, no-treatment group: N, not significant: S. significant (p < 0.05 to 0.01): HS. highly significant (p < 0.01).
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The significance of differences are mentioned in the text.Left

tumorRight tumorSurvival
time

(days after tuTumor volumeTumorvolumeTreatmenton
Day 0 (cu

cm)Regression
Disap

(>SO%)b pearanceon
Day 0 (cu

cm)Regression(>50%)DisappearanceCureamor
transplan

tation)PhM

it. + antiserum i.v.(n = 11)3.8 Â±O.6@11/11 6/11
(100)d (54.5)2.7

Â±0.511/11
(100)9/11 (81.8)2/1162.6

Â±6.8PhM

it. + normal serum iv. (n = 11)3.0 Â±0.33/1 1 0/1 1
(27.3)2.6

Â±0.43/1 1
(27.3)1

/1 1
(9.1)0/1

136.6 Â±3.7PhM

s.c. + antiserum iv. (n = 9)3.3 Â±0.51/9 0/9
(11.1)2.4

Â±0.40/90/90/933.1 Â±1.5PhM

it. + antiserum iv. + excision (n2.7 Â±0.4Excised2.6 Â±0.55/91 /90/938.2 Â±2.29)(55.6)(11.1)Notreatment(n

= 10)3.6 Â±0.60/10 0/102.6 Â±0.40/100/100/1022.6 Â±0.3
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Table 2
Effect of treating a single (left) tumor of bilateral MCI tumors

aAnimalssurvivingwithouttumorupto thetimeof sacrifice100 daysaftertumortransplantation.
b Incidence of tumor volume reduction > 50% than initial volume, Including disappeared tumors.

C Mean Â± SE.

d Numbers in parentheses, percentage.

Ytreatment tumor volume). It is interesting that this correlation
occurred regardless of the type of treatment, different tumor
growth pattern, i.e. , growth or regression, on both. The differ
ences in the initial volumes of a given tumor pair did not affect
the degree of correlation. Thus, the paired tumors seemed to
change their volumes synchronously, regardless of any differ
enceintheirinitialvolumes.

The least square regression lines of night tumor volume (Y)
on left tumor volume (X) in individual rats of the PhM-antiserum
group (Chart 2) showed varying slopes.

V intercepts were near zero except in 2 instances. This
indicates that the ratio between the volume changes of the
injected and uninjected tumors is constant for a given animal
but differs from rat to rat. In addition, the Y intercepts of lines
indicate the possibility that the treated and untreated tumors of
an individual rat will disappear almost concurrently. On the
other hand, V intercepts of regression lines in other groups
were random.

In the PhM-antiserum group, the onset of volume reduction
of the injected tumor was 1 day earlier than that of uninjected
tumors in 5 of 11 rats, while the reduction of both tumors in 6
other rats began on the same day. In the PhM-normal serum
and PhM s.c.-antiserum groups, most paired tumors began to
reduce on the same day.

DISCUSSION

The present study demonstrates that the treatment of only
one of bilateral MCi tumors with PhM plus anti-PhM-MC1
serum is able to produce complete regression of not only the
treated but also the locally untreated tumor.

Although PhM itself was effective in the PhM-injected groups,
the response of PhM-injected tumor was significantly greater
in the PhM-antisenum group than in the PhM-nommalserum
group. Thus, the effect of PhM-antisenum treatment is due not
to the effect of PhM alone but to the combination of PhM and
antiserum. However, the effect of this combination was mark
edly reduced when PhM was injected into an adjacent site
rather than into the tumor tissue, demonstrating the importance
of the i.t. injection of PhM in this combination and the ineffec
tiveness of antiserum by itself. These results, in concert with
the previous observations by us (2) and Burke et a!. (8),
strongly suggest that the antiserum may cause an immunolog

E
â€˜a

U

0
E
D

-C
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x

Treated left tumor, cu cm
Chart 2. Least square regression lines of right tumor volume (Y) on left tumor

volume (X) in individual rats in the PhM it-antiserum iv. group. The correlation
coefficient of lines are all significant (p < 0.001 ). Regardless of differences in
the initial volumes between the paired tumors, V intercepts of all but 2 lines are
very near to zero (mean Â±SE. of V intercept, â€”0.4Â±0.3 cu cm), suggesting
the theoretical possibility that the treated and the locally untreated tumors in the
same animal may concurrently disappear if conditions are appropriate.

ical local reaction to PhM-injected tumor tissue. The marked
difference in titer between PhM-specific and PhM-MC1 conju
gate-specific antibodies contained in the antiserum suggest
that the PhM-specific antibody plays a major role in this reac
tion.

The regression of untreated tumors in PhM-injected groups
might be explained by the systemic effect of PhM. However,
the significantly different response of uninjected tumors be
tween the PhM-antiserumgroup and other PhM-injected
groups is difficult to explain by a systemic effect of PhM. If it is
assumed that PhM leaked from the injected tissue, modified
the uninjected tumor, and subsequently reacted with antiserum
to cause enhanced regression, then the response of the unin
jected tumor should have been the same in the PhM s.c.-
antiserum group and the PhM-antisemumgroup. On the other
hand, the response of the uninjected tumor to PhM-antisenum
treatment was markedly reduced by the removal of the injected
tumor. This is unlikely to be due to removal of. injected tumor
as a depot of PhM, since the excision group produced rather
greaterresponseontheuntreatedtumorthanthePhM-nonmal
serum and PhM s.c.-antisemumgroups which retained PhM did
(Table 2). Thus, retention of treated tumor tissue appears to be
responsible for the enhanced regression of untreated tumor in
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the PhM-antisenum group. The regression of guinea pig hepa
tocarcinoma caused by i.t. injection of PhM (6) or BCG (11)
induces systemic tumor immunity, and the immunity increases
with retention time of BCG-treated tumor (11). The animals
treated with i.t. injection of Mycobacterium bovis (22), local
hyperthenmia (19), and local electrocoagulation (21) inhibited
the growth of metastases (9, 22) or increased resistance
against secondarychallenge(21), whereasthe animalsfrom
which tumors were excised did not (19, 21 , 22). These obser
vations and the present data seem to suggest that retention of
locally treated tumor tissue in an appropriate condition may be
beneficial to induce the systemic effect.

The regression or inhibition of untreated tumors by local
treatment of another tumor has been reported following i.t.
injection of Corynebacterium parvum (14), a hapten, 2,4-dini
trophenylmethacrylate (18), neuraminidase (20), and local hy
perthenmia (19) in animals. A similar phenomenon has also
been observed in humans after cryosurgery of tumors (1 , 10)
and intralesional BCG therapy (15â€”17). Although the incidence
is far from uniform and the mechanisms are virtually unknown,
it is interesting that this phenomenon may occur regardless of
the type of local treatment. In the present study, a highly
significant positive linear correlation between volume changes
of paired tumors was found. The data obtained from the no
treatment group may or may not indicate the real relationship
between the paired tumors, because of a possible spurious
correlation created by the independent growth of paired tumors
with similar growth rates. However, in the PhM-antisenum
group, the pained tumors took the same course with a signifi
cant correlation in continuous regression or in growth nesump
tion. The statistical correlation in this group indicates the rela
tionship between the paired tumors and suggests the devel
opment of systemic factors which influence the course of the
pair. We previously observed a similar correlation in the same
type of experiment with rats bearing 2 allogeneic tumors (5).
The existence of such a correlation is also indicated from the
growth curves of tumors following i.t. neuraminidase treatment
of one of 2 mouse fibmosarcomas(20).

The least square regression lines obtained from the PhM
antiserum group (Chart 2) suggest the possibility that the paired
tumors may disappear almost concomitantly, regardless of
whether they were treated on untreated and of differences in
their initial sizes, if conditions are appropriate. Although no
such analysis has been reported previously, similar events
were observed in the neumaminidaseexperiment cited above
(20) and in canine venereal tumors following i.t. BCG injection
of one of bilateral tumors (13). Nearly concurrent regression of
BCG-injected denmal melanoma and untreated pulmonary me
tastaseshasalso beenobserved(15).

The previousobservationsof Arai et a!. (4) and Burke et al.
(8) suggest that a PhM-specific antibody may elicit an immu
nological tissue injury, possibly an Arthus-like reaction (9), at
the site of the PhM-treated tumor tissue. Borsos et al. (6)
demonstrated a nonspecific killing effect of antibody and com
plement against the tumor cells pretreated with alkylating anti
cancer agents. Both may give some clue to the regression
mechanisms of the treated tumor in the PhM-antiserum group.
However, the exact mechanisms of regression of either treated

or untreated tumor are unknown.
Further studies of the relationship of growth patterns be

tween locally treated and untreated tumors and elucidation of
the mechanisms involved in the regression of the untreated
tumor will provide useful information for the treatment of cancer
with metastases.
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