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Interstitial Hypertension in Superficial Metastatic Melanomas in Humans1
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ABSTRACT

Since 1950, several investigators have demonstrated that interstitial
hypertension is a pathophysiological characteristic of experimental solid
tumors. To date, interstitial fluid pressure (IFF) has not been measured
in human tumors in situ. In this study we measured with the nick-in-
needle technique the interstitial fluid pressure in superficial melanoma
mÃ©tastases(n = 12) in patients (n = 10) before and during systemic
therapy. In the majority of tumors the pressure was found to be almost
uniform, while in others it varied severalfold. The large variations in IFF
in some tumors may be due to technical or biological factors. With the
data obtained before and during therapy grouped, the mean IFF in
melanoma lesions varied between 2 and 41 mm Hg with an overall mean
of 14.3 Â±12.5 (SD). IFF was found to be significantly higher (P < 0.01)
in large (22.8 Â±13 mm Hg; n = 6) than in small (5.8 Â±2 mm Hg; n =
6) lesions. This study demonstrates that IFF can be measured in human
tumors using the wick-in-needle technique and that the pressure in some
of the large melanomas exceeds the values measured to date in rodent
tumors or human tumor xenografts. The latter result suggests that caution
must be exercised in extrapolating values of pathophysiological param
eters from transplanted tumors to human tumors.

INTRODUCTION

Since the original study of Young et al. (1) in 1950, several
investigators have demonstrated that interstitial hypertension
is a pathophysiological characteristic of experimental solid
tumors (2, 3). These studies have shown that in general (a)
IFF4 increases with size, (b) an increase in IFF is associated

with a decrease in blood flow, and (c) pressure decreases from
the center to the periphery of tumors. IFF is a critically impor
tant parameter in the delivery of blood-borne agents in solid
tumors (2-5). We have recently initiated IFF studies in met-
astatic melanoma (present study), cervical carcinoma (6), breast
cancer (7), colorectal cancer (7), and head and neck tumors5 in

patients. We report here the first measurements of IFF in
superficial metastatic melanomas in patients prior to and during
systemic therapy. These studies were carried out using the wick-
in-needle technique to answer the following questions: (a) Is
IFF in human tumors comparable to that in experimental
tumors? (b) Is IFF tumor size dependent? (c) Does IFF change
during therapy?

MATERIALS AND METHODS

Patient Selection. The protocol to measure IFF in patients with
dermal and s.c. metastatic melanomas was approved by the Institutional
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Review Board of the Presbyterian University Hospital and of the
University of Pittsburgh. Patients selected for this study were recruited
from 3 different therapy protocols approved for the treatment of
metastatic melanoma: (a) Phase IB study of monoclonal antibody R24;
(b) Phase IB study of intralymphatic and s.c. interleukin 2; and (c)
Phase II trial using carboplatin, dacarbazine, and (Â±)-tamoxifen. The
age of the patients varied between 18 and 61 years old.

IFP Measurement. IFP was measured with the wick-in-needle tech
nique developed by Fadnes et al. (8). In brief, 23-gauge needles with a
2-3-mm side-hole at 4-5 mm from the tip were filled with five surgical
sutures (6-0 ethilon). The nylon sutures increase the contact area which
should favor a better fluid communication between the interstitial space
and the needle. In 3 patients with small tumors 26-gauge needles
without a side hole and filled with 2 surgical sutures (6-0 ethilon) were
used to measure pressure. In a separate study in experimental tumors
no difference in the magnitude of IFP measurements was found between
23- and 26-gauge needles. The needles were connected to a pressure
transducer (model P23XL; Spectramed Inc., Oxnard, CA) by polyeth
ylene tubing filled with sterile, heparinized (70 units/ml) saline (Fig.
\A). The pressure transducer was connected to a preamplifier (model
11-4113-01; Gould Inc., Cleveland, OH) and the amplified signal was
sent to a dual-channel chart recorder (model 30-V7202-11 ; Gould Inc.).

Depending upon the location of the melanoma lesion on the body,
the patients were either sitting in bed, lying supine, or in the lateral
decubitus position during the IFP measurements. The level of the heart
(right atrium) was taken to be 7 cm below the manubriosternal angle
Â¡nthe sitting patients, at the midaxillary line in patients lying supine,
and at midline in patients in the lateral decubitus position. The hydro
static load between heart and tumor was measured with the pressure
transducer and WIN setup, by placing the needle at heart level and
then at tumor level.

As feasible, 1 or 2 superficial tumor lesions per patient were selected
for pressure measurement. The pressure was measured in the same
lesions before therapy and once during therapy between days 4 and 7.
Under sterile conditions, the needle was placed at tumor level and the
balance knob on the preamplifier was used to place the pen of the chart
recorder at the zero reference point. Then the needle was inserted into
the central regions of the tumor and left in place without external
fixation. Two needles were inserted in different regions of a tumor. The
number of measurements was determined by the tumor size; in small
lesions (0.1-4.0 cm', n = 6) a maximum of 2 measurements was
obtained, whereas in some of the larger lesions (8.0-106 cm', n = 6)

once the first pressure recording was completed, the needle was ad
vanced deeper in the tumor, giving a total of 4 measurements with the
2 needles. For all the measurements the fluid communication between
the pressure transducer and the tumor was checked by compressing and
decompressing the tubing with a screw clamp (Fig. \A). A measurement
was accepted as valid when the pressure following compression and
decompression did not differ by more than 15%. The mean IFP of the
measurement was determined from the stable values after compression
and decompression. The majority of the pressure values given in Table
1 represent the mean of 2-4 measurements; in 3 cases, only 1 measure
ment was valid or obtained.

Systemic blood pressure, tumor response to therapy, and tumor size
were also recorded. The tumor volume was estimated from the formula
for an ellipsoid:

y = Vi A x fi2

where A and B represent, respectively, the maximum and minimum
perpendicular diameters. Statistical analysis between means was eval
uated with the Kruskal-Wallis test.

To determine if the hydrostatic load between heart and tumor level
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Time (Minutes)

Fig. I. A, the wick-in-needle and pressure transducer setup used for the
measurement of IFF. A 23-gauge needle is built with a 2-3-mm-long side hole at
4-5 mm from the tip and filled with five nylon sutures (6-0 ethilon). The wick-
in-needle is connected via polyethylene tubing to a 23-gauge needle adapter
attached to the dome of the pressure transducer. The screw clamp is used to
compress and decompress the tubing in order to test the fluid communication
between the transducer and the tumor. li. an actual pressure recording in a
melanoma lesion. Following IFF stabilization at 0 mm Hg and needle insertion,
the pressure rises rapidly and reaches a stable value of 36 mm Hg. After pressure
stabilization, the tubing connecting the wick-in-needle to the transducer is com
pressed which results in a sharp increase in pressure, then an exponential decrease,
followed by another period of stabilization before decompressing the tubing which
produces a rapid decrease and an exponential increase. The mean IFF is calculated
from the stable pressure values after compression and decompression.

influenced the IFP measured, the posture of 2 patients in bed was
modified during the measurements. The pressure transducer was ad
justed to tumor level before inserting the needle into the tumor and
after the posture modification. The needle was left in place during
posture modification in order to obtain a continuous pressure measure
ment from the same location in the tumor. Determinations of IFP
without posture modification were faster, taking less than 30 min to
complete. However, the measurements during posture modification
took an extended period of 60 min or more, which accounts for our
ability to examine the effect of hydrostatic load in a limited number of
patients.

RESULTS

Eleven patients with metastatic melanomas consented to
participate in the study. Procedural complications were limited
to pain during the insertion of the needle which was managed
with oral analgesics. In a few cases, following withdrawal of the
needle, bleeding occurred which was self-limited. The IFP data
of one patient were not accepted because the pressure did not
reach a stable value. In some cases individual measurements
were rejected because of poor fluid communication. After the

introduction of a needle in a tumor, a sharp rise in pressure
was generally observed followed by a stable pressure (Fig. \B).
The time constant of a rise varied between 10 and 60 s for the
majority of measurements; however, it was as high as 1-2 min
in a limited number of measurements. To check the fluid
communication between the transducer and the tissue the
compression and decompression test was done (Fig. IB). When
the fluid communication was good, response time after
compression and decompression varied from 2 to 40 s in most
cases. In a few cases the pressure reached a stable value after
1-4 min.

Individual IFP measurements in normal skin varied between
-1 and +3 mm Hg (0.4 Â±1.7 mm Hg; n = 5), whereas in

metastatic melanomas the pressures varied between 2 and 48
mm Hg. In the majority of tumors, pressures varied by less
than 30% between the measurement sites; in the remaining
lesions, the differences in IFP were severalfold. The mean IFP
in melanoma lesions varied between 2 and 41 mm Hg (Table
1). With the data obtained before and during therapy grouped,
the overall mean was 14.3 Â±12.5 mm Hg (n = 12). In order to
further characterize the data the tumors were divided in small
(0.1-4.0-cm3) and large (8-106-cm3) sizes. The mean pressures

in large and small metastatic melanomas are given in Table 2.
IFP magnitudes did not change significantly during therapy in
5 patients treated with R24 antibody. Of the ten patients
included in the study none responded to therapy.

The hydrostatic load between heart and tumor level varied
between +3 and -1-17 mm Hg (Table 1). In order to evaluate

what percentage of the hydrostatic load was transmitted to the
tumor, IFP was measured before and after posture modification
in 2 patients. In one patient with an initial hydrostatic load of
+5 mm Hg at tumor level (right lower quadrant of the abdomen)
when supine and a hydrostatic load ofâ€”19mm Hg when sitting,

the IFP remained constant at 9 mm Hg. In the same patient
with a melanoma lesion on the left lateral abdomen, the hydro
static load was +4 when supine and +10 mm Hg when lying in
the right lateral decubitus position; the pressure increased by 5
mm Hg in the lateral decubitus position. In a second patient
with a melanoma lesion on the right lower quadrant of the
abdomen, the hydrostatic load was +4 mm Hg when supine
and â€”¿�13mm Hg in the sitting position; IFP decreased by 5

mm Hg when the patient was supine which represents 29% of
the hydrostatic load transmitted to the tumor. In these two
patients, IFP in the skin was also measured during posture
modification; the pressures were not modified by variations of
the hydrostatic load.

DISCUSSION

The present study demonstrates that IFP is greater in mela
nomas than in normal tissues and that IFP increases with tumor
volume. The pressures measured in experimental tumors (2, 3)
as well as in human tumors [cervical carcinomas during radio
therapy (6), head and neck tumors,5 breast and colorectal car

cinomas (7) before surgical resection] varied between 2 and 33
mm Hg. In the present study some of the larger melanomas
had pressures as high as 48 mm Hg. While the basis for the
differences in the pressure magnitudes between large human
melanomas and other types of human and experimental solid
tumors is not clear, these pressure differences must be kept in
mind while extrapolating values for pathophysiological param
eters from one tumor type to another.

We recently demonstrated that IFP was uniform from the
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Table 1 Interstitial fluid pressure in metastatic melanoma

Interstitial pressure (mmHe)Age/sex51/M18/M55/M42/F49/M53/M54/M33/F45/M61/FTumordiameters(cm)08.5,54,43.5,

3.52,
1.53,34,24,22,

1.50.8,
0.52,20.7,

0.50.9,
0.7Tumorvolume(cm3)10632212148820.140.10.2Hydrostaticload*(mm

Hg)+7+

11+3+5+

12+
17+
10+
12+
13+5+6+5Beforetherapyr8(120/88)11

(132/80)937(130/90)1920(110/70)5(118/72)7(112/70)5eeDuringtherapy41(120/84)''22(116/80)3(160/82)e34(126/88)1521

(110/70)2(120/74)ee3(128/90)7(150/76)

" Maximum and minimum perpendicular tumor diameters.
* The height of the water column between heart and tumor measured with the pressure transducer. The positive value indicates that the tumor was higher than

heart level.
c Measurement not valid.
d Blood pressure (mm Hg).
' Patient not available.

central regions to the periphery of experimental tumors, with a
sharp drop at the tumor-normal tissue interface (3). In most
melanoma mÃ©tastasesIFP magnitude was almost similar; how
ever, in some melanoma lesions the differences in IFP from
one region to another were severalfold. It was not possible to
determine if these differences in pressure represent different
nodules in a tumor or are the result of the placement of the
needle at the normal tissue-tumor interface. We attempted to
place the tip of the needle in the central regions of the melanoma
mÃ©tastases;however, it was not always possible to evaluate the
exact depth of a tumor. In one case an initial pressure measure
ment of 37 mm Hg was obtained; when the needle was advanced
5 mm deeper the pressure dropped to 2 mm Hg, giving the
impression that the needle had crossed the tumor and that
normal tissue pressure was measured. Indeed if the IFP is
measured at the normal-tumor tissue interface, the pressure
recorded will be lower than in the center of the tumor. In future
studies to evaluate systematically the relationship between lo
cation and IFP, imaging technologies (computerized tomo-
graphic scans, ultrasound) should be used to determine the
exact location of the needle in the tumors.

The arterial and venous pressures are changed linearly by the
height of the water column between the heart and the measure
ment site, whereas the pressure in capillaries is regulated since
only two-thirds of the hydrostatic load is transmitted (9). In

normal skin, IFP is not affected by the hydrostatic load sepa
rating the heart and the location of the pressure measurement,
suggesting that normal IFP is regulated (10). Because of the
high permeability and filtration coefficient of tumor blood
vessels, we hypothesized initially that the hydrostatic load sep
arating heart and tumor level could be transmitted in part or
completely to the interstitial space of melanoma lesions. Our
limited data suggest that the hydrostatic load transmitted to
the tumor is minimal. Therefore, the IFP measurements in

Table 2 Mean interstitial fluid pressure in small and large metastatic melanomas

Large (8- 106 cm3)
Small (0.1-4 cm3)

PBefore

therapy
(mean Â±SD)19.0Â±

11.3(5)"

6.5 Â±2.0 (4)
0.027During

therapy22.7

Â±13.5(6)
4.0 Â±2.6 (3)

0.052Pooled"22.8

Â±13.0(6)
5.8 Â±2.2 (6)

0.01

Table 1 were not corrected. Experimental studies are in progress
to resolve this issue.

In a separate study, in 4 patients with complete regression of
cervical carcinomas, IFP decreased from values between 10 and
24 mm Hg (mean, 17 mm Hg) to values between 0 and 7 mm
Hg (mean, 4 mm Hg) during the course of fractionated radio
therapy. In 3 patients with a partial or no regression, IFP
remained unchanged or increased (6). The relationship between
IFP changes and tumor response has, however, not been estab
lished in the present study since no clinical responses to therapy
were observed. Pressure measurements obtained before and
during therapy revealed that IFP was not modified significantly.
Additional studies are needed in human tumors to determine
whether changes in IFP may be of predictive value for clinical
antitumor response.

While several reasons could explain the observations that
melanoma is a generally nonresponsive tumor, our hypothesis
is that the absence of response is due to the low accumulation
and inadequate distribution of the monoclonal antibodies in the
tumor. The uptake of monoclonal antibodies in human tumors
can be as low as 0.001 to 0.01% of the injected dose (11). In
metastatic melanomas with a diameter between 0.5 and 1.1 cm
the accumulation of the monoclonal antibody 9.2.27 has been
shown to be variable from one tumor to another, and regions
of high uptake occur adjacent to regions of low uptake within
individual tumor lesions (12). While it is possible that this poor
accumulation results from the poor and heterogenous blood
supply of melanomas, the high IFP could also be an important
barrier (13). The presence of high pressures in melanomas
would reduce the pressure gradients from the vascular to the
interstitial space, thus reducing the extravasation of macromol-
ecules which is believed to occur predominantly by convection
(14). Therefore, novel strategies are now needed to overcome
these physiological barriers in tumors.
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