
Increased interstitial fluid pressure (IFP) in brain tumors 
results in rapid removal of drugs from tumor extracellu-
lar space. We studied the effects of dexamethasone and 
hypothermia on IFP in s.c. RG-2 rat gliomas, because 
they could potentially be useful as means of maintain-
ing drug concentrations in human brain tumors. We 
used dexamethasone, external hypothermia, combined 
dexamethasone and hypothermia, and infusions of room 
temperature saline versus chilled saline. We measured 
tumor IFP and efflux half-time of 14C-sucrose from 
tumors. In untreated s.c. tumors, IFP was 9.1 6 2.1 
mmHg, tumor temperature was 33.7°C 6 0.7°C, and 
efflux half-time was 7.3 6 0.7 min. Externally induced 
hypothermia decreased tumor temperature to 8.9°C 6 
2.9°C, tumor IFP decreased to 3.2 6 1.1 mmHg, and 
efflux half-time increased to 13.5 min. Dexamethasone 
decreased IFP to 2.4 6 1.0 mmHg and increased efflux 
half-time to 15.4 min. Combined hypothermia and 
dexamethasone further increased the efflux half-time to 
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17.6 min. We tried to lower the tumor temperature by 
chilling the infusion solution, but at an infusion rate of 
48 ml/min, the efflux rate was the same for room tem-
perature saline and 15°C saline. The efflux rate was 
increased in both infusion groups, which suggests that 
efflux due to tumor IFP and that of the infusate were 
additive. Since lowering tumor IFP decreases efflux from 
brain tumors, it provides a means to increase drug resi-
dence time, which in turn increases the time-concentra-
tion exposure product of therapeutic drug available to 
tumor. Neuro-Oncology 8, 227–233, 2006 (Posted to 
Neuro-Oncology [serial online], Doc. D06-00001, June 
14, 2006. URL www.dukeupress.edu/neuro-oncology; 
DOI: 10.1215/15228517-2006-007)
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Young et al. (1950) first reported increased hydro-
static pressure in tumors. More recently, Boucher 
et al. (1990) showed that interstitial fluid pres-

sure (IFP)3 was increased in intracranial tumors in both 
patients and experimental rat tumor models. It is now 
recognized that the IFP of most solid tumors is increased 
(Heldin et al., 2004). In normal systemic tissue, net fluid 
movement across capillaries is determined by the hydro-
static and osmotic pressure of capillaries, as described by 
Starling’s equation (Jain, 1987). In systemic tissue, most 
of the fluid filtered into the interstitial space is reabsorbed 
into the venous side of the microvascular network or by 
the lymphatic system.

In normal brain, the blood-brain barrier (BBB) effec-
tively nullifies the Starling equation, and solutes cross 
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the BBB by passive diffusion. Because there is no lym-
phatic system in the brain, the extrachoroidal produc-
tion of extracellular fluid removes excess interstitial fluid 
by diffusion in gray matter and bulk flow in white mat-
ter. Consequently, the IFP is close to 0 mmHg in normal 
brain tissue at steady state (Rosenberg et al., 1980). In 
brain tumors, the mechanisms responsible for increased 
tumor IFP are not fully understood, but increased vas-
cular permeability, coupled with high resistance to fluid 
flow in the distorted interstitial space of the surrounding 
gray and white matter, is believed to be the main cause 
of increased IFP. In addition, although IFP is elevated, 
it is not uniform throughout a tumor (Boucher et al., 
1990; Netti et al., 1995). It is elevated through the center 
of a tumor and drops abruptly in the tumor periphery 
or in the surrounding normal tissue. Based on solute 
distribution patterns, there is also marked heterogene-
ity of IFP within individual tumors (Vavra et al., 2004). 
The consequent pressure gradient drives interstitial fluid 
into the surrounding normal brain tissue, causing peri-
tumoral edema (Baxter and Jain, 1989).

Increased IFP in brain tumors could be partially 
responsible for the poor delivery and distribution of 
both systemically administered and directly infused che-
motherapeutic drugs to tumors. Increased IFP in viable 
tumor with increased permeability produces a bulk flow 
pressure gradient that moves drugs into necrotic areas or 
into the surrounding normal brain tissue. We previously 
demonstrated that, 120 min after i.v. administration of 
14C-sucrose in animals with s.c. RG-2 tumors, tissue 
radioactivity of the isotope was found mainly in necrotic 
areas and in tissue surrounding the tumors (Vavra et al., 
2004). In the same experiments, we found that tissue 
radioactivity of 14C-sucrose after convection-enhanced 
delivery (CED) into s.c. RG-2 tumors was also preferen-
tially found in the necrotic areas and outside the tumor 
margin and that there were areas of viable tumor where 
the IFP was elevated that contained negligible amounts 
of radioactivity (Vavra et al., 2004).

We hypothesized that reducing tumor IFP would 
decrease the efflux rate from the tumors and thereby 
increase the residence time of drugs within the tumors. 
We used s.c. RG-2 tumors in this study: Subcutaneous 
and intracerebral RG-2 rat gliomas have similar micro-
vascular structure and vascular physiology (Molnar et 
al., 1999; Schlageter et al., 1999), which enabled us to 
use s.c. tumors for ease of access in these experiments. 
The tumors were treated with three different protocols 
to lower tumor IFP: dexamethasone, hypothermia, and 
combined dexamethasone-hypothermia. In these groups, 
hypothermia was applied by external cooling. We mea-
sured temperature and interstitial pressure, and we mea-
sured the efflux rate of 14C-sucrose, which was infused 
in a volume of 5 ml over 1 min to minimize disturbances 
of the existing tumor IFP. Once the hypothermia exper-
iments had been shown to reduce IFP, two additional 
experimental groups were used to evaluate the effect of 
a CED infusion on efflux kinetics: Tumors were infused 
with room temperature saline or chilled saline (contain-
ing 14C-sucrose) at a rate of 48 ml/min for 15 min. These 
groups were included because of the inherent difficul-

ties associated with cooling an entire tumor in a clinical 
situation, as opposed to the ease of cooling the infusing 
solution as a means of reducing temperature.

Materials and Methods

Tumor Transplantation

All animal experimentation was reviewed and approved 
by the Institutional Animal Care and Use Committee of 
Evanston Northwestern Healthcare Research Institute. 
Fischer-344 rats (Harlan Industries, Indianapolis, Ind.) 
were anesthetized with isoflurane/nitrous oxide/oxygen 
anesthesia (1.5/30/70; v/v/v). Ten microliters of RG-2 
glioma cells (106 cells/ml) was injected into subcutane-
ous tissue in the flank as described previously (Groot-
huis et al., 1983).

Interstitial Fluid Pressure Measurement

Tumor IFP was measured with the wick-in-needle tech-
nique described by Fadnes et al. (1977) using a 23-gauge 
needle. Five nylon surgical sutures (6-0 Novafil; D&G 
Monofil Inc., Manati, P.R.) were placed within the 
needle. To take pressure measurements, the needle was 
connected to a pressure monitor (VT-15-C; Winston 
Electronics Company, Millbrae, Calif.) by PE-50 poly-
ethylene tubing filled with sterile heparinized saline (70 
units/ml; American Pharmaceutical Partners, Inc., Los 
Angeles, Calif.). Prior to each pressure measurement, 
the calibration of the pressure-monitoring machine was 
verified. After the needle was inserted into the tumor, 
the IFP was read after a delay of 5 min or after the pres-
sure stabilized.

Experimental Procedures

To study the effects of hypothermia and dexamethasone 
on IFP, 27 Fischer-344 rats bearing 5- to 8-mm-diameter  
s.c. RG-2 tumors were randomized into three experi-
mental groups. After an i.p. injection of ketamine (50 
mg/kg) and xylazine (7.5 mg/kg), tumor size was mea-
sured, and the tumor volume was calculated by using the 
formula V 5 0.4 3 ab2, where a and b are the longest 
and shortest diameters of the tumors, respectively (Lee 
et al., 1992).

In the first group (n 5 9), the tumor IFP was mea-
sured before and after the tumor temperature was low-
ered by an application of ice over the tumors. The skin 
around the tumor was shaved and Vaseline applied to 
the skin. A plastic ring was placed around tumors to 
contain ice water over the tumors. The IFP before the 
tumor temperature was reduced was used as a baseline 
IFP. Tumor temperature was recorded with a tempera-
ture probe (model 43TA; Yellow Springs Instruments, 
Yellow Springs, Ohio) subcutaneously inserted next to 
the tumor capsule. After the tumor temperature was low-
ered and stabilized, the IFP was recorded a second time, 
and then 5 ml of 14C-sucrose (5 mCi) {[14C(U)]-sucrose; 
Movarek Biochemicals, Brea, Calif.} was injected into 
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total 14C-sucrose efflux from the tumors. The data were 
fit with nonlinear least-squares methods.

Student’s t-test was used for comparison of data from 
the hypothermia group, the dexamethasone group, and 
the control group. Paired t-tests were used to compare 
the serial temperature and IFP measurements during 
chilled infusion experiments.

Results

The tumor volume (mean 6 SD) of s.c. RG-2 tumors was 
91.1 6 29.4 mm3 in the group with externally applied 
hypothermia, 99.5 6 41.5 mm3 in the group treated with 
dexamethasone, and 109.4 6 22.4 mm3 in the combined 
dexamethasone-hypothermia group. In the hypother-
mia group, the average initial tumor temperature was 
33.7°C 6 0.75°C, which decreased by 8.9°C 6 2.9°C 
after application of ice. In this group of rats, the ini-
tial tumor IFP in the s.c. RG-2 tumors was 9.1 6 2.1 
mmHg, with a range of 6.8 to 14 mmHg. Hypothermia 
decreased the IFP to 3.2 6 1.1 mmHg (range, 2.0–5.5 
mmHg). Dexamethasone lowered the mean tumor IFP to 
2.4 6 0.9 mmHg (range, 1.5–4.0 mmHg). IFP was not 
measured in the combined dexamethasone-hypothermia 
group. Figure 1 illustrates the IFP values of the control, 
hypothermia, and dexamethasone groups; in percent-
age terms, hypothermia and dexamethasone reduced 
the tumor IFP by 64.7% and 73.6%, respectively. The 
values of the hypothermia and dexamethasone groups 
were significantly lower than those of the control group 
(P , 0.01, Student’s t-test).

Tissue radioactivity concentration versus experiment 
duration is shown in Fig. 2 for the hypothermia, dexa-
methasone, and combined hypothermia-dexamethasone 
groups. The hypothermia group had an efflux rate con-
stant of 0.0515 min–1 (r2 5 0.9337), which corresponds 
to an efflux half-time of 13.5 min. The dexamethasone 
group had an efflux rate constant of 0.0451 min–1 (r2 5 
0.8741), which corresponds to an efflux half-time of 15.4 
min. The combined hypothermia-dexamethasone group 
had an efflux rate constant of 0.0404 min–1 (r2 5 0.99), 
which corresponds to an efflux half-time of 17.2 min. 
Examination of the data from the hypothermia and dexa-
methasone groups shows a change in the slope from 5 to 
10 min and 10 to 15 min, suggesting that the effects might 
have not been constant during the experimental period.

In the other experiments, which examined the effect 
of chilling the infusate, the results of the temperature 
measurements are shown in Fig. 3 and IFP measurements 
in Fig. 4. Despite cooling the infusate to 15°C, the tem-
perature recorded by the probe, which was located next 
to the tumor, never showed more than a 1.5°C difference 
between the normal and chilled saline groups (Fig. 3)  
(P . 0.01, paired t-test). Likewise, although there was 
an initial difference in IFP between the two groups (Fig. 
4), neither group showed any significant change in the 
tumor IFP over the 15-min experiment (P . 0.01, paired 
t-test). Figure 5 shows a plot of tissue radioactivity ver-
sus experiment duration for the two groups of rats. 
Also shown in Fig. 5 is an expected tissue radioactiv-

the tumor over 1 min by using a gastight syringe with an 
attached needle. Duplicate 1-ml samples of infusate were 
collected and counted with a liquid scintillation coun-
ter to document the amount of isotope infused into the 
animals. Tumor temperature and IFP were recorded at 
1-min intervals to ensure that both tumor temperature 
and IFP were stabilized during the experiment. The rats 
were euthanized, and the tumors were removed at 5, 10, 
and 15 min (n 5 3 for each time point) after completion 
of 14C-sucrose injection. All tumors were rapidly dis-
sected from the skin and surrounding connective tissue, 
frozen in liquid tetrafluoroethane (Cytocool II Tissue 
Freezing Aerosol [stored at –80°C]; Stephens Scientific, 
Riverdale, N.J.) within 1 min of the conclusion of the 
experiment, weighed, and then homogenized. Radio-
activity concentration in the homogenate was deter-
mined by liquid scintillation counting with appropriate 
quenched 14C standards (Tri-Carb Liquid Scintillation 
Analyzer model 2300; Packard Instrument Co, Mer-
iden, Conn.).

In the second group (n 5 9), rats were injected i.p. 
with dexamethasone (3 mg/kg; American Regent Labo-
ratories, Inc., Shirley, N.Y.). Twenty-four hours later, 
the IFP was recorded, 5 ml of 14C-sucrose (5 mCi) was 
injected into the tumors over 1 min, the animals were 
euthanized, and the tumors were removed at 5, 10, and 
15 min (n 5 3 for each time point) after 14C-sucrose injec-
tion. The tumors were analyzed as described above.

In the third group (n 5 9), rats were injected i.p. 
with dexamethasone (3 mg/kg; American Regent Labo-
ratories, Inc.) 24 h hours prior to the experiment. The 
tumors were prepared for hypothermia as described 
above. In these experiments, IFP was not recorded. Five 
microliters of 14C-sucrose (5 mCi) was injected into the 
tumors over 1 min, the animals were euthanized, and 
the tumors were removed at 5, 10, and 15 min (n 5 3 for 
each time point) after 14C-sucrose injection. The tumors 
were analyzed as described above.

In the groups to analyze the effects of chilling the 
CED infusate, saline was infused at a rate of 48 ml/min 
into s.c. RG-2 tumors; nine rats received an infusion of 
room temperature saline and nine received an infusion 
in which the infusion syringe and tubing were placed 
in ice and cooled to 15°C. Both infusates contained 10 
mCi/ml of 14C-sucrose. Temperature around the tumor 
and tumor IFP were recorded each minute. The tumors 
were removed at 5, 10, and 15 min following the start of 
the infusion and prepared for liquid scintillation count-
ing as described above.

Analysis

The efflux constant was determined by using the method 
described by Cserr et al. (1981). Normalized tissue radio-
activity concentration was plotted against time and the 
data fit to a monoexponential expression:

AT (t) 5 A0e-kt

where AT(t) is the terminal tissue radioactivity concen-
tration at time t, A0 is the starting tissue radioactivity 
concentration, and k is the first-order rate constant for 
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Fig. 3. Temperature versus time in RG-2 tumors receiving CED infu-
sions. The temperatures ( ˚C 6 SD) are shown for the group receiv-
ing a 48-ml/min infusion of saline containing 14C-sucrose at room 
temperature () or chilled to 15˚C (). The differences were not 
statistically significant.

Fig. 1. The effect of hypothermia and dexamethasone on tumor 
IFP. In contrast to the IFP in untreated control RG-2 tumors (Con-
trol), tumor IFP was significantly lowered (P , 0.005) by decreas-
ing tumor temperature (Hypothermia) and by administration of 
dexamethasone (Dex). Values are shown as mean 6 SD.

Fig. 2. Tissue radioactivity values versus time in three treatment 
groups. Shown are the data (6SD) and linear least-squares fits for 
the hypothermia group (r2 5 0.9337) (), dexamethasone group 
(r2 5 0.8741) (), and combined hypothermia-dexamethasone 
group (r2 5 1.0) (▲). Efflux half-times were calculated from an 
exponential fit to the data.

Fig. 4. Tumor interstitial pressure versus time in RG-2 tumors 
receiving CED infusions. Tumor IFP (6SD) was recorded every 
minute during a 15-min infusion at 48 ml/min of saline containing 
14C-sucrose at room temperature () and chilled to 15˚C (). The 
differences were not statistically significant.

ity concentration, given the radioactivity concentration 
that was measured in the infusate and the experiment 
duration. Surprisingly, almost no isotope was found in 
the tumors at any time point in either group; that is, the 
isotope left the tumor at such a high rate that the data 
could not be used to calculate an efflux rate constant.

Discussion

We previously reported that the efflux half-time of 14C-
sucrose from s.c. RG-2 tumors was 7.3 6 0.7 min (Vavra 
et al., 2004). In the present study, we demonstrated that 
the efflux half-time of 14C-sucrose from s.c. RG-2 tumors 

could be increased by lowering tumor IFP. Externally 
applied hypothermia, which decreased temperature by 
a modest amount (8.9°C 6 2.9°C), and dexamethasone 
both decreased the efflux rate (Fig. 2), and furthermore, 
the effect was additive (Fig. 2). Since the mean residence 
time, which is the average time that a drug molecule 
remains in the tumor, is equal to the reciprocal of the 
elimination (efflux) rate constant, each of these manipu-
lations would effectively increase the residence time of 
a drug in tumor. For example, a mean residence time 
that for untreated RG-2 tumors was 10.56 min would 
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be increased to 19.42 min after hypothermia, 22.17 min 
after dexamethasone, and 24.75 min for the combined 
hypothermia-dexamethasone group.

In contrast, we were surprised by the lack of effect of 
a high-flow (48-ml/min) infusion on the efflux of radio-
label from the s.c. RG-2 tumors. We used 48 ml/min 
because it was a rate at which we could overcome IFP in 
RG-2 tumors and achieve a clear therapeutic effect (Ali 
et al., 2006), but in addition, we reasoned that deliver-
ing a large volume of chilled solute would give the best 
chance of detecting an effect from the hypothermic infu-
sion. The results from the room temperature saline infu-
sions indicated that the isotope was leaving too rapidly 
to measure with the time points we selected (Fig. 5). This 
meant that the efflux rate normally present in RG-2 glio-
mas was even further increased by the infusion; less than 
10% of the infused isotope remained in the tumors after 
5 min (Fig. 5). Chilling the infusate neither reduced the 
temperature in the probe located next to the tumor (Fig. 
3) nor did it affect IFP (Fig. 4). In contrast to the first 
set of experiments in which ice-cold water was placed 
on top of the tumor, in these, saline chilled to 15°C was 
infused into the tumor. Although 48 ml/min is a high 
infusion rate, it nonetheless represents a total volume of 
only 0.24 ml over 5 min, which represents less than one 
fourth of the volume of these s.c. tumors. In effect, the 
temperature was buffered by the tumor and surrounding 
tissue, and the infusion increased efflux from the tumor. 
Although we do not believe this approach is likely to 
be clinically feasible, it does deserve further exploration 
because of the ease with which it could be used.

The mechanisms that determine tumor IFP are not 
fully understood, but an understanding of the funda-
mental concepts is important to develop ideas about how 
to manipulate it. One source of the pressure gradient 

almost certainly involves increased vascular permeabil-
ity (Boucher and Jain, 1992; Netti et al., 1995). RG-2 
capillaries have increased populations of both fenes-
trations and large interendothelial gaps that will allow 
transcapillary movement of both small and large solutes 
(Schlageter et al., 1999). This represents a major change 
from the condition in normal brain. The Starling equa-
tion, which expresses bulk flow in terms of hydrostatic 
and osmotic gradients across the capillary wall, shows 
the nature of this change:

Qf 5 K [(Pmv – Ppmv) – (mv – pmv)]

In this equation, Qf is the filtration rate, K is the capil-
lary filtration coefficient, σ is the reflection coefficient, 
and P and  are hydrostatic pressure and osmotic pres-
sure, respectively, where mv represents the intravascular 
pressure and pmv represents the perimicrovascular pres-
sure. In normal brain, K and σ approach values of 0, 
and there is essentially no bulk flow (i.e., Qf ⇒ 0); con-
sequently, solutes can cross the BBB only by simple dif-
fusion. The Starling equation illustrates the importance 
of local pressures in solute movement once the BBB has 
been structurally altered.

Once water and solutes have crossed into the extra-
cellular space, the rate of bulk flow between two regions 
is determined by the pressure gradient and the resis-
tance offered by the extracellular space, as described by 
D’Arcy’s law:

Q 5 KA(h1 – h2)/L

where Q is volume flow (volume per unit time), K is a 
coefficient that relates the resistance of the medium to 
the solvent and solutes, A is the cross-sectional area, 
h1 and h2 are the pressures at the source and terminus, 
respectively, and L is the distance between the two.

These two equations can help identify critical control 
points at which bulk flow in a tumor can be influenced, 
keeping in mind that reducing bulk flow increases the 
residence time and exposure of tumor cells to a thera-
peutic compound. For instance, reducing transcapillary 
volume flow Qf, increasing tissue resistance (K), and 
reducing the tissue interstitial fluid pressure gradient  
(h1 – h2) are each mechanisms for reducing bulk flow. We 
need a better understanding about the fluid mechanics 
involved (Bear, 1988) in the tumors as well as the biologi-
cal control points. Several studies have shown that many 
agents can lower tumor IFP and improve tumor uptake 
of chemotherapeutic drugs through various mechanisms 
of drug action (Curnis et al., 2002; Emerich et al., 1998; 
Pietras et al., 2002; Salnikov et al., 2003; Willett et al., 
2004). It should also be mentioned that we currently 
have no noninvasive methods for measuring K or IFP in 
humans, but as our understanding of drug delivery to 
brain tumor cells improves, it may become important to 
measure these values directly or indirectly.

Dexamethasone probably has complex mechanisms 
of action. It has been reported to reduce tumor IFP 
(Heldin et al., 2004; Kristjansen et al., 1993). Although 
dexamethasone has been reported to decrease capillary 
permeability in brain tumors (Jarden et al., 1985, 1989), 
we were not been able to demonstrate such an effect in 

Fig. 5. Tissue radioactivity values versus time in treatment groups 
of infusion of room temperature saline versus saline chilled to 15˚C. 
There is almost no radioactivity remaining in the tumors of the 
room temperature saline group () or the chilled saline group (). 
The triangles (▲) show the expected amount of radioactivity that 
would be in the tumors if none of the 14C-sucrose had left.
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RG-2 gliomas (Molnar et al., 1995; Nakagawa et al., 
1987, 1988). However, dexamethasone is a powerful 
corticosteroid that probably mediates an effect on IFP 
by many other pathways (Guerin et al., 1992; Heiss et 
al., 1996; Ikeda et al., 1993; Kiely et al., 1994; Wolff et 
al., 1993). The effect of dexamethasone on IFP in brain 
tumors needs to be studied more, and studies should 
include physiological experiments to better understand 
the time course and magnitude of dose-effect relation-
ships and biological experiments to better determine the 
mechanisms of its action. Since dexamethasone is widely 
used in treating edema in brain tumor patients, a bet-
ter understanding of its actions could yield information 
about maximizing its effects on efflux and improving the 
availability of therapeutic drugs to brain tumor cells.

The effect of temperature on IFP has also not been 
fully investigated, but is perhaps even more complex 
than that of dexamethasone. Paradoxically, hyperther-
mia can also lower tumor IFP, which was assumed to 
be due to tumor microcirculation damage from the 
hyperthermia (Leunig et al., 1992). However, the effect 
of hypothermia is potentially much more manageable. 
Cooling reduces blood flow and metabolism in normal 
brain (Strauch et al., 2005). The reduced IFP achieved 
by a decrease in tumor temperature could be the result of 
decreased production of water, either from capillary per-
meability or due to reduced water production from cellu-
lar metabolism. In either case, cooling offers a transient, 
reversible method of reducing IFP that could be used 
during direct drug infusions into tumors or surrounding 
brain. A recent cooperative study in subarachnoid hem-
orrhage did not show a benefit of mild cooling during 
surgery for intracranial aneurysm, but did establish the 
safety and efficacy of the approach (Todd et al., 2005), 
and it has proven safe in neonates (Shankkaran et al., 
2005). If drug delivery turns out to be a major obstacle 
in brain tumor chemotherapy, the ultimate method to 

reduce IFP by hypothermia would be to induce circu-
latory arrest, which would probably reduce tumor IFP 
close to 0. Hypothermic circulatory arrest is now used in 
aortic surgery for up to 30 min without neurologic mor-
bidity (Kunihara et al., 2005). Before this can be used in 
brain tumor patients, the delivery advantages in terms 
of improved drug distribution and lengthened residence 
time need to be explored more fully.

Vavra et al. (2004) demonstrated the effect of 
increased tumor IFP on the distribution of systemically 
administered or CED-administered 14C-sucrose inside 
tumors and the increased rate of drug efflux from the 
tumors. Negligible amounts of isotope were found in 
areas of viable tumor, while the isotope preferentially 
distributed in areas of necrosis and at the tumor margin 
where the tumor IFP gradient decreased. When drugs 
are administered by CED, areas of viable tumor are 
likely to receive reduced exposure to therapeutic agents 
because they will have high IFP values, effectively creat-
ing a pressure barrier that keeps the infusate from enter-
ing these tumor regions. Lowering the tumor IFP could 
reduce the pressure gradient and increase drug residence 
time inside the tumor. This would result in an increase in 
the time that the tumor cells are exposed to therapeutic 
drugs and improve chances of eradicating the tumor. In 
addition to the issue of effective chemotherapeutic drugs, 
the delivery of those drugs in sufficient amounts to kill 
tumor cells is a crucial factor in the successful treatment 
of tumor patients. Understanding tumor physiology 
would help to design a treatment regimen suitable for 
an individual patient. The type of drug, administration 
route, manipulation of tumor physiology (e.g., lowering 
the tumor IFP as demonstrated in this study), dosage, 
and interval could be planned to maximize drug delivery 
to tumors and offer patients the best treatment to cure 
their disease.
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