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Purpose. The purpose of this study was to establish an experimental system for evaluation of ‘the
intratumoral behavior of drugs after intratumoral injection using perfused tissue-isolated tumor preparations
of Walker 256 carcinoma (3.46-9.73g, n = 16). Methods. We quantified the recovery of Phenol Red
(model drug) in the tumor, leakage from the tumor surface and the venous outflow after intratumoral
injection using perfused tissue-isolated tumors, and analyzed venous appearance curves based on a
pharmacokinetic model in which the tumor tissue was assumed to be divided into two compartments,
i.e., well- and poorly-perfused regions. Results. In small tumors (Type 1, 542 * 0.39 g), the drug
appeared immediately in the venous outflow, and the amount remaining in the tumor tissue at 2 hr after
injection was small. In contrast, the venous appearance rate reached a significantly lower peak a few
minutes after injection, and a large amount of injected drug remained in some large tmors (Type 2, 8.17
+ 0.51 g). Pharmacokinetic analysis revealed that there was a correlation between tumor weight and the
rate constants of transfer from the poorly-perfused region to the well-perfused region, and between the
rate constants of transfer from the well-perfused region to the venous outflow and dosing ratios into the
well-perfused region. Conclusions. An experimental system and analytical method were established for
the evaluation of the intratumoral behavior of drugs after intratumoral injection using a tissue-isolated
tumor perfusion system. This experimental system will be useful in analyzing the antitumor drug disposition
after intratumoral injection.

KEY WORDS: pharmacokinetics; tissue-isolated tumor; intratumoral injection; drug disposition; perfu-

sion experiment.

INTRODUCTION

In cancer therapy, intratumoral injection is an effective
way to maximize the action of injected substances at the tumor
site, while minimizing their systemic exposure (1). Intratumoral
injection has been employed to deliver to the target tumor site
substances such as antitumor drugs (2—4), bacteria components
(5-7), cytokines (8-9), antisense oligonucleotides (10,11), and
genes (12). However, there is little information on the disposi-
tion characteristics of the injected materials after intratu-
moral injection.

The “tissue-isolated” tumor preparation, originally devel-
oped by Gullino and Grantham (13) is a unique and useful
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experimental model system in cancer research. This model
system is composed of a solid tumor with an artery and a vein,
and the local disposition events occurring in the tumor tissue
such as extravasation, interstitial diffusion, and tissue binding
can be observed and independently evaluated. The system has
been applied to elucidate the physiological properties of solid
tumors such as blood flow (14,15), interstitial pressure (16,17),
and energy metabolism (18). We previously established a perfu-
sion experimental system using a tissue-isolated preparation of
Walker 256 carcinoma for the evaluation of drug disposition
in the tumor after intra-arterial injection. The pharmacokinetic
properties of anticancer drugs and macromolecules after intra-
arterial injection were clarified in relation to their physicochem-
ical characteristics (19,20).

The first objective of the present study was to establish a
method for the evaluation of drug disposition characteristics
in solid tumors after intratumoral injection by applying this
experimental model system. The second aim of the study was
to reveal the mechanisms underlying the drug disposition after
intratumoral injection. Based on the experimental data in this
study, we designed a pharmacokinetic model in which the tumor
tissue was separated into two regions, well- and poorly-perfused
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regions. Using this model, we analyzed two types of venous
outflow patterns to derive the pharmacokinetic parameters
which characterize intratumoral drug disposition.

MATERIALS AND METHODS

Chemicals

Evans blue (EB) and phenol red (PR) were purchased from
Nacalai Tesque, Kyoto, Japan. Bovine serum albumin (BSA)
(Fraction V) was obtained from Armour Pharmaceutical Co.,
U.K. All other chemicals were obtained commercially as analyt-
ical grade reagents.

Animals and Tumors

Female SLC Wistar rats weighing 100 to 130 g were
obtained from Shizuoka Agricultural Association for Labora-
tory Animals, Shizuoka, Japan. The Walker 256 carcinoma was
kindly supplied by Shionogi & Co., Osaka, Japan, and was
maintained in rats by subcutaneous inoculation into neck every
2 weeks.

Perfusion of Tissue-Isolated Tumors

According to the method of Gullino (13,14), the tissue-
isolated tumor was prepared as reported previously (Fig. 1)
(20,21). About 10-14 days after tumor inoculation, tumors
weighing 3-10 g were used for the perfusion experiment. In
brief, rats were anesthetized with pentobarbital (40 mg/kg, i.p.)
and, after a midline incision was made, all blood vessels supply-
ing nontumorous tissues around the tumor (left renal artery and
vein, left adrenal artery and vein, inferior vena cava, aorta and
other collateral vessels) were ligated. The inferior vena cava
and aorta were cannulated with vinyl tubings and perfused by
maintaining tumor arterial pressure at 40-80 mmHg by
adjusting the perfusate flow rate (about 0.8 ml/min). The perfu-
sion medium was Tyrode’s solution; a mixture of 137 mM
NaCl, 2.68 mM KCl, 1.80 mM CaCl,, 11.9 mM NaHCO;,
0.362 mM NaH,PO,, 0.492 mM MgCl;, and 5.55 mM D-
glucose, containing bovine serum albumin (BSA) at a concen-
tration of 4.7% (w/v), oxygenated with 95% O, — 5% CO,

Adrenal

Intratumoral Injection

Vena Cava

Fig. 1. Perfusion system of the tissue-isolated tumor preparation.
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and adjusted to pH 7.4 maintained at 37°C. The viability of
the perfused tumor was confirmed by measurement of the lactic
acid production and the reestablishment of tumor growth after
the perfusion experiment as reported previously (20). The iso-
lated tumor was transferred on a petri dish to collect the fluid
leaked out of the tumor surface during the intratumoral injection
experiments (Fig. 1).

Indicator Dilution Experiment

To obtain the basic physiological information for the tumor
preparation, indicator dilution experiments were carried out as
reported previously (19) for 9 of the 16 tumors tested in the
present study, prior to the intratumoral injection experiment.
Briefly, BSA labeled with Evans blue (EB/BSA; EB: 2.0 mg/
ml, BSA: 4.7%) as a vascular reference substance (VRS) was
applied from the arterial side of the tumor by using a six-
position valve injector (0.1 ml) as a pulse function. The outflow
perfusate was collected into preweighed tubes at appropriate
time intervals (initial interval 5 sec, subsequently 10-15 sec).
The sample volume was calculated from the gain in weight of
the tube by assuming the density of the perfusate to be 1.0.
The sample was subjected to assay after an appropriate dilution
with the perfusion buffer. The concentration was determined
by using a spectrophotometer setting at 620 nm. Dilution curves
were analyzed using moment analysis, and the statistical
moment parameters were calculated as follows (21):

0

AUC = f Car )

0

)

MIT = J tCdt/AUC 2)

1]

where ¢ is time and C is the concentration of EB/BSA normal-
ized by injection dose with a dimension of percentage of dose/
ml. AUC and MTT are the area under the concentration-time
curve and the mean transit time, respectively. Taking into
account the contribution of the catheters to the mean transit
time in the tumor, all MTT values were corrected by subtracting
the time corresponding to the transit through afferent and effer-
ent tubes. The vascular volume of the tumor is calculated as
follows:

Vr=0Q- -MIT 3)

where Vr and Q are the vascular volume of the tumor and the
inflow rate, respectively.

Intratumoral Injection Experiment

Twenty minutes after the indicator dilution experiment, a
solution of PR (100 pl, 10 mg/ml) in phosphate-buffered saline
(pH 7.4) was injected over 30 sec into the center of the tumor.
The injection point was covered with a Sealon film (about 1
cm diameter) which was attached to the injection needle with
surgical adhesive (Aron Alpha, Sankyo Co., Tokyo, Japan), and
the injection needle was left imbedded in the tumor during the
perfusion experiment to prevent fluid leakage from the injection
site. The venous effluent was collected into preweighed tubes
for 120 min, at appropriate time intervals (initial interval 1
min, subsequently 2—-6 min). A constant arterial pressure was
maintained during the intratumoral injection experiment. The
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sample volume was calculated from the gain in weight of the
tube by assuming the density of the perfusate to be 1.0. At
the end of infusion, the tumor was excised and subjected to
macroscopic observation by cutting the tissue in halves; the
tumor tissues were then homogenized, diluted with a mixture
of acetone/water (2:1 w/w, three times the volume of the tumor),
and centrifuged (3000 rpm X 2, 10 min), and the supernatant
containing PR was collected. The supernatant was diluted with
2N NaOH and subjected to UV assay at 560 nm. The measure-
ment was done immediately after the addition of NaOH to
avoid fading. Outflow perfusate prior to the injection of PR
was used for the subtraction of blank absorbance values. At
the end of the experiment, the fluid which had leaked out of
the tumor surface during the 120 min perfusion on the petri
dish was collected and subjected to the assay.

Pharmacokinetic Analysis

The venous appearance curves of the drugs injected were
analyzed based on a pharmacokinetic model shown in Fig. 3.
In this model, the tumor tissue is assumed to be composed of

0.6 0.15
)
)
= o
0.5 Boz |
= @
G g
‘; 0.4 ._.2
g > 009 |
3 "
S 03 ._:.
” a
= < 006 |
202} o
8 3
> 2
7003 |
o1 g 003
QL
Q .
0 P P | P 0 P NPV RPN P
0 2 4 6 8 10 0 2 4 6 8 10
Tumor Weight (g) Tumor Weight (g)
10 100 ¢
(8] E (D)
O: Well-perfused
s | Regio 1
@®: Blood Vessel i
= 10 F
86 3
o [
[ =~ 1
£ =
Sat 1
S
2 L&Y
0/09/6
0 JW 01 Lot o op o1,

0 2 4 6 8 10
Tumor Weight (g)

Fig. 2. Relation between tumor weight and vascular volume (A), den-

sity of vascular volume (B) and volume of well-perfused region (C).
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Fig. 3. Pharmacokinetic model for analysis of drug disposition after
intratumoral injection. k,, rate constant of transfer from poorly-perfused
region to well-perfused region; k,, venous appearance rate constant;
k3, rate constant of leakage from the surface; R, dosing ratio into poorly-
perfused region; Xy, injected dose; X;, drug amount in well-perfused
region; X,, drug amount in poorly-perfused region; J, appearance rate
in venous outflow.

two compartments, well-perfused and poorly-perfused regions.
Drugs in the well-perfused region are assumed to be cleared
from the vascular side quickly and those in the poorly-perfused
region are assumed to be transferred to the well-perfused region
or to leak out. The poorly-perfused region is assumed to have
little blood supply and also to contain some necrotic tissue.
The well-perfused region, in contrast, is assumed to consist of
vascular space and its surrounding space, which is in equilib-
rium to the vascular space. Based on this model, the following
equations were derived to describe the change in drug amount
in these two regions with time.

B kX, = kX 4
dt - RjAan 24| ()
dx,

i —(k; + k)X, (5)

where X; and X, are the drug amounts in the well- and poorly-
perfused regions (% of dose), respectively; k; is the rate constant
of transfer from the poorly-perfused region to the well-perfused
region (/min); k; is the venous appearance rate constant (/min);
and k; is the rate constant of leakage from the surface (/min).
The integration of Equations [4] and [5] gives

J=Ae ™ + Be™® (6)
_ ki + (0 — R)(ks — ko)
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where J is the appearance rate in venous outflow, which is
equal to kX, (% of dose/min); X, is the injected dose (100%);
and R is the dosing ratio into the poorly-perfused region. The
venous outflow pattern for each tumor preparation was then
fitted to Equation [6] by using the nonlinear regression program
MULTI (22) to estimate the pharmacokinetic parameters.

RESULTS

Indicator Dilution Experiment

Regardless of the enhanced vascular permeability in tumor
tissue, the uptake of EB/BSA by the tissue-isolated tumor was
negligible during a single passage of the tumor preparation,
and almost 100% of injected EB/BSA was recovered in the
venous outflow (data not shown). The outflow concentration-
time curve was analyzed by moment analysis to obtain the
vascular volume of the tumor (Vy, equation [3]). Vi of EB/BSA
corresponds to the apparent vascular volume of tumor tissue
preparation. The vascular volume of the tissue-isolated Walker
256 carcinomas used in this study were in the range of 0.065
to 0.1 ml/g in the weight range of 3.46 to 9.73 g, and vascular
volume (ml) increased as tumor weight increased (Fig. 2, A).
However, the density of vascular space (ml/g) decreased with
an increase in tumor weight (Fig. 2, B). These values are in
good agreement with the values reported previously in isolated
tumor preparations (19). Song and Levitt (23) also reported
that the average vascular volume of s.c.-implanted Walker 256
carcinomas was 0.079 ml/g, and that this volume decreased
linearly with tumor size, using 3'Cr-labeled erythrocytes. These
findings confirm the validity of our present tumor preparations.

Appearance of PR in Venous Outflow After
Intratumoral Injection

Figure 4 shows the venous appearance curves of PR after
intratumoral injection. In small tumors (Type 1, mean weight
* SE; 542 = 0.39 g, n = 12), PR appeared immediately in
the venous outflow and the pattern was biphasic, whereas in
some large tumors (Type 2, 8.17 = 0.51 g, n = 4), the venous
appearance rate reached a lower peak in a few minutes after
injection and then decreased slowly.

Recovery of PR in Outflow, Extruded Fluid, and Tomor
Tissue After Intratumoral Injection

The recoveries of PR at 120 min after intratumoral injec-
tion in the 16 tumors are shown in Figure 5, and the mean
recoveries are summarized in Table I. In Type 1 tumors (n =
12), a large amount of injected drug was recovered in the venous
outflow (61.60 + 8.61% of dose), and the amount remaining
in the tumor tissue was small (9.02 * 2.62% of dose). In
contrast, the amount of the drug remaining in Type 2 tumors
(n = 4) was significantly larger (31.33 = 8.94% of dose) and
that in the venous outflow perfusate was much smaller (26.70
* 8.94% of dose) than that observed for the Type 1 tumors.
The amount of the drug leaked from the tumor varried greatly
among the tumor tissues tested, and no significant difference
was observed between the amounts of drug leakage from the
surface of Type 1 and Type 2 tumors. However, as shown in
Figure 5, the recovery of PR in the leakage from the tumor
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Fig. 4. Venous appearance curves of PR after intratumoral injection
into tissue-isolated perfused tumors. (A) Type 1 tumors (5.42 * 0.39
g, n = 12), (B) Type 2 tumors (8.17 = 0.51 g, n = 4).

surface had a tendency to increase as the tumor weight
increased.

Pharmacokinetic Analysis

Table II summarizes the pharmacokinetic parameters
obtained in this study. The rate constant of transfer from the
poorly-perfused region to the well-perfused region (k,) and the
dosing ratio into the poorly-perfused region (R) of Type 1
tumors were significantly different from those of Type 2 tumors.
No great difference was observed between the venous appear-
ance rate constants (k»). The rate constants of leakage from the
surface (k3;) of Type 1 and Type 2 tumors were 0.057 *+ 0.019/
min (0.000-0.188, n = 12) and 0.018 * 0.008/min (0.001-
0.037, n = 4), respectively.

DISCUSSION

Solid tumor tissues are known to have elevated interstitial
pressure (17,24,25) and randomly distributed microvessels
(26,27). In addition, fluid regularly oozes out of the tumor
surface (28). In the present study, Sealon film was attached to
the injection needle with bond, and the needle was left imbedded
in the tumor during perfusion to prevent fluid leakage from the
injection site after intratumoral injection. We measured drug
concentrations in the perfusates from both venous outflow and
leakage from the tumor surface and in the tumor tissue for
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Fig. 5. Recovery ratios of phenol red at 2 h after intratumoral injection
into 16 tissue-isolated perfused tumors. lll, remaining in tumor tissue;
[, leakage from surface of tumor; gz, recovery in venous outflow. *;
Type 2 tumors.

Table I. Recoveries of Phenol Red 2 hr After Intratumoral Injection
in Perfused Tissue-Isolated Tumors

Recoveries (% of dose)

leakage from

Tumor venous outflow* the surface tumor tissue*
Type 1 61.60 = 8.61 26.95 * 7.99 9.02 *+ 2.62
Type 2 26.70 * 8.94 27.78 = 18.74 31.33 + 8.94

Note: Results are expressed as the mean % SE. There is a significant
difference between Type 1 and Type 2 tumors by Student’s t test:(*)
P < 0.001.

quantitative analysis. The mean amount of fluid loss from the
tumor surface during the 2 hr perfusion experiments was about

Saikawa ef al.

6% of the perfusates entering the tumor. This value is in good
agreement with the reported values of an interstitial fluid loss
in vivo which are usually in the range of 6—14% of the plasma
entering the tumor which oozes out into the surrounding normal
tissue (28,29).

The recovery in the venous outflow for Type 1 tumors
was significantly larger than that for Type 2 tumors (Table I),
while the remaining PR in Type 1 tumor tissues was smaller
than that in Type 2 tumor tissues. There was no significant
difference between the recoveries in leakage from the surface
of Type 1 and Type 2 tumors. These results suggest that there
are anatomical and physiological differences between small
(Type 1) and large (Type 2) tumors. In large tumors, the drug
injected in the centre of the tumor, which is usually poorly
perfused and may contain necrotic regions, would be transported
slowly to the well-vascularized region. In small tumors, the
centers of tumors are comparatively well-vascularized, and the
injected drug would appear rapidly in the venous outflow. It is
also reported that interstitial pressure was the highest in the
center of tumors and decreased toward the periphery, and there
is a strong correlation between the mean interstitial pressure
and the mass of the tissue-isolated tumor for Walker 256 carci-
nosarcoma (17). Large tumors have relatively higher interstitial
pressure than small tumors, and hence much of the interstitial
fluid can easily ooze out of the tumor surface; however, the
leakage from the surface of the present tested isolated tumors
was considered to be based upon the anatomical characteristics
of each tumor preparation.

In this study, we classified the tumors into two types
according to the outflow patterns. The recovery ratio of each
tumor preparation shown in Figure 5 indicates that there are
some Type 1 tumors that have anatomical characteristics which
can be classified as those of Type 2 tumors. Since the outflow
patterns depend strongly on the anatomical characteristics at
the injection sites, when drugs are injected into relatively a
well-perfused region, some “anatomically Type 2 tumors” show
outflow patterns like those of Type 1 tumors. There were some
Type 1 and Type 2 tumors which showed large recovery in
tumor tissue and venous outflow, respectively (Fig. 5).

To characterize the intratumoral behavior of injected sub-
stances, pharmacokinetic analysis was carried out against out-
flow concentration-time curves. Since all the venous outflow
patterns were biphasic, we constructed a simple two-compart-
ment model as described in the Materials and Methods section.
In this model, tumor tissue was assumed to be divided into two
compartments, well- and poorly-perfused regions.

Based upon this model, the venous appearance curves of
injected drug were analyzed and pharmacokinetic parameters

Table II. Pharmacokinetic Parameters of Phenol Red After Intratumoral Injection

Pharmacokinetic parameters

Tumor Weight (g) k1 (min~hH* k2(min™") k3(min™") R*
Type 1 542 +0.39 0.039 = 0.012 1.24 £ 0.22 0.057 = 0.019 0.54 = 0.085
Type 2 8.17 £ 0.51 0.0043 £ 0.0013 0.54 = 0.18 0.018 = 0.0083 0.99 = 0.011

Note: Type 1: The drug appeared immediately in the venous outflow and its appearance rate decreased quickly. Type 2: The venous appearance
rate reached a significantly lower peak in a few minutes and then decreased slowly. Results are expressed as the mean *+ SE. There is statistically
significant difference between Type 1 and Type 2 tumors by Student’s test: (*) P < 0.001.
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were estimated and listed as mean values in Table II. We further
evaluated the pharmacokinetic parameters for each tumor prepa-
ration in detail and found correlations between tumor weight and
some pharmacokinetic parameters. Figure 6 shows the relation
between tumor weight and k;, k,, k5 or R. The reciprocal value
of k; increased as tumor weight increased. This phenomenon
can be mathematically described by the following equation,
which illustrates that the value of transfer clearance from the
poorly-perfused region to the well-perfused region decreases,
or the volume of the poorly perfused-region increases, as the
reciprocal value of k, increases.

Volume of poorly-perfused region (ml)
Transfer clearance (ml/min)

1 L
E (min) =

Transfer clearance from the poorly-perfused region to the well-
perfused region involves diffusion and convection. There is not
so much difference in the diffusibility of PR in the tissue of
each tumor preparation, and convective flow is considered to
be relatively constant because the inflow rate in each tumor
preparation was maintained at an almost constant rate (0.8 ml/
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min) in this study. The volume of poorly-perfused region is
thought to significantly increase as the tumor weight increases
because of the formation of central necrosis. In light of this,
the wide variation in the value of 1/k, is considered to be caused
by the variation in the volume of poorly-perfused region.

The reciprocal value of k, slightly increased as the tumor
weight increased (r = 0.533). The value of k, is defined by
the following equation,

1 (min) = Volume of well-perfused region (ml)
ky Clearance into venous outflow (ml/min)

Since the clearance into the venous outflow of each tumor
preparation is almost equal to the outflow rate (constant), the
value of k, should correspond to the volume of the well-perfused
region, which is considered to correlate to the vascular volume.

Based on this assumption, the vascular volume and the
volume of the well-perfused region, which is calculated by
dividing Q with k,, were plotted against tumor weight as shown
in Figure 2, (C), showing that both the volume of the well-
perfused region and vascular volume increase as the tumor
weight increases. Thus, the value of 1/k, also correlates to the
vascular volume as shown in Figure 2, (D).

The volume of the well-perfused region was greater than
the intravascular volume but smaller than the tumor volume
(Figure 2, (C)). These results suggest that, in this model, the
well-perfused region actually corresponds to intravascular space
and its surrounding space, which is in equilibrium to the intra-
vascular space.

The value of k5 did not correlate with tumor weight, sug-
gesting that the leakage from the tumor surface varies from
tumor to tumor and depends largely on the pressure during the
intratumoral injection and the anatomical characteristics of each
injection site. In large tumors, where the center region of the
tumor is usually the necrotic area, the value of R increased
with the tumor weight (r = 0.683), approaching almost 1,
indicating that almost all drug molecules were injected into the
poorly-perfused region.

The values of k; for both types of tumor were about 30~100
times larger than those of k,. This indicates that the dominant
process which determines the retention time of the drug in the
tumor is not the venous appearance rate (k;) but the rate of
transfer from the poorly-perfused region to the well-perfused
region (k,), and it may be possible to classify the tumors into
two types (1,2) based on the value of k. In this way, we
could evaluate each intratumoral transfer rate separately by this
pharmacokinetic analysis.

It is difficult to explain this pharmacokinetic model clearly
relative to actual tumor anatomy. In consideration of both the
general characteristics of tumor anatomy as mentioned above
and the observation of this study, the well-perfused region is
considered to correspond to intravascular space, and its sur-
rounding spaces (which is in equilibrium to intravascular space);
and the poorly-perfused region corresponds to other areas with
no blood supply which may consist mainly of necrotic tissue.
The appearance in the venous outflow of drugs injected into
the poorly-perfused region would be delayed by the slow rate
process represented by the value of k. The leakage process
of PR from the tumor surface after intratumoral injection is
considered to be associated mainly with the poorly-perfused
region. This assumption would be supported by the following
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experimental evidence. The first is that leakage of EB/BSA
and other low molecular weight drugs from the tumor surface
was not observed after intraarterial injection (19). Most of the
drug (PR) appearing in the vascular side after intratumoral
injection did not leak and be recovered in the venous outflow
quickly. The second is that, in these tumor preparations, necrotic
areas which were connected to the central necrotic tissues were
found in the periphery of the tumor, and apparent fluid leakage
could be observed mainly from those areas. It is reasonable to
assume that the drug leakage occurred mainly from the injection
site through those areas. Although distribution of these periph-
eral necrotic areas was heterogeneous and varied largely
between tumor preparations, these areas tended to increase as
the tumor weight increased.

In previous tissue perfusion experiments, BSA is often
added to the perfusate to maintain colloidal osmotic pressure,
and may affect the disposition of the injected drug, especially
with a high protein-binding property (30). In the present study,
isolated tumors were perfused with 4.7% BSA, and the binding
percentage of PR with BSA in the perfusate is about 90%. In
our preliminary study, mitomycin C (Mr; 334), whose binding
percentage with BSA is only about 10% in this perfusion system,
showed behavior similar to that of PR after intratumoral injec-
tion. This indicates that the effect of protein binding on this
perfusion experiment is relatively small for low molecular
weight drugs. In this sense, similar results will be obtained in
the case of typical marker substances such as sucrose (Mr; 342)
and probably water.

The present study established and demonstrated the meth-
odology of experiments and pharmacokinetic analysis for the
basic disposition of drugs after intratumoral injection. This
technique will be useful for the evaluation of the tumor disposi-
tion of various therapeutic agents such as antitumor drugs,
cytokines, antisense oligonucleotides, and genes after intratu-
moral injection.
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