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Monitoring of Tumor
Microcirculation during
Fractionated Radiation
Therapy in Patients
with Rectal Carcinoma:
Preliminary Results and
Implications for Therapy1

PURPOSE: To measure microcirculatory changes during chemoirradiation and to
correlate perfusion index (PI) values with therapy outcome.

MATERIALS AND METHODS: Perfusion data in 11 patients with cT3 (clinical
staging, tumor invaded the perirectal tissue) rectal carcinoma who underwent
preoperative chemoirradiation were analyzed. Perfusion data were acquired by
using a T1 mapping sequence with a whole-body magnetic resonance (MR) imager.
After contrast medium was intravenously infused at a constant rate, concentration-
and-time curves were evaluated for arterial blood and tumor. All patients underwent
MR imaging before and at constant intervals during chemoirradiation. Clinical
stages before therapy were compared with surgical stages after therapy.

RESULTS: Spatial and temporal resolution on dynamic T1 maps were sufficient to
reveal changes in contrast medium accumulation in the tumor. Comparison of PI
values and radiation dose showed a significant increase in the 1st (P 5 .003) and
2nd weeks (P 5 .01) of treatment; values subsequently returned to pretreatment
levels or showed a renewed increase. High initial PI values correlated with greater
lymph node downstaging (P 5 .042).

CONCLUSION: Dynamic T1 mapping provides a suitable tool for monitoring tumor
microcirculation during chemoirradiation and offers the potential for individual
optimization of therapeutic procedures. Furthermore, these results indicate that the
PI map may serve as a prognostic factor.

During the past few years, combined chemoirradiation has been increasingly used to treat
malignant neoplasms such as head and neck or rectal cancer (1,2). Chemotherapeutic
agents such as 5-fluorouracil used in this treatment scheme not only exert their own
cytotoxic effect but also act as radiosensitizers and, thus, enhance the effectiveness of
irradiation (3,4). The effectiveness of a chemotherapeutic agent, however, depends on its
concentration level in the tumor tissue, among other factors (5). This concentration level,
in turn, depends mainly on tumor perfusion, which itself is altered in a dose-dependent
manner during the course of radiation therapy. Zanelli et al (6) showed a relationship
between the accumulation of hydrogen 3–vincristine sulfate in tumor tissue and the
radiation dose in mice.

At present, the intervals for temporal administration of additional chemotherapy are
empiric based (1,2,7,8). In a mouse model, Kallman (9) and Kallman et al (10) demon-
strated a clear dependence of the effect of combined chemoirradiation on the timing of

Radiation Oncology

385



chemotherapy. Ideally, the planning of
chemotherapy should encompass the
monitoring of any vascular changes in
tumor tissue during fractionated radia-
tion therapy. Thus, a step toward individ-
ualized tumor therapy is to quantita-
tively assess the parameters, such as
spatially differentiated measurement of
perfusion, capillary permeability, and ex-
tracellular volume, that characterize the
microcirculation of a tumor. For practical
clinical application, it is essential to mea-
sure these parameters before and during
therapy with the use of minimally inva-
sive or noninvasive methods.

Contrast medium–enhanced dynamic
magnetic resonance (MR) imaging has
been used in a few studies (11–17) to
evaluate tumor microcirculation by using
a standard MR imaging contrast medium
such as gadopentetate dimeglumine. Feld-
mann et al (14) and Hawighorst et al (16)
evaluated blood supply at the beginning
of treatment (radiation therapy alone or
with hyperthermia) in primary tumors
with a wide range of entities, stages, and
recurrence. Mayr et al (17) measured blood
perfusion in cervical carcinoma at differ-
ent stages and correlated the MR imaging
data with radiation therapy outcome. All
of these studies lacked measurements ob-
tained at periodic intervals covering the
entire course of treatment, especially dur-
ing the initial stages of therapy.

To our knowledge, there is no clinical
study in which microcirculatory changes
in a specific tumor entity were monitored
during the entire course of therapy. In
our study, we used a noninvasive MR im-
aging method to evaluate the perfusion
data obtained during the entire course of
chemoirradiation in patients with pri-
mary rectal carcinomas who were preop-
eratively treated. We also compared the
perfusion data with therapy outcome (N
or T downstaging [improvement in N or
T stages]), as evaluated after surgery.

MATERIALS AND METHODS

Patient Population

From 1997 to 1999, 11 patients with
rectal carcinoma were admitted into this
ongoing study. Included in this study
were all 19–75-year-old patients at our
institution with a primary histopatholog-
ically proved adenocarcinoma of the rec-
tum who underwent preoperative chem-
oirradiation. Excluded from the study
were patients with a tumor of clinical
stage T1, T2, or T4; a tumor of histologic
grade GX, G1, G3, or G4; metastatic spread;
tumor invasion of the sphincter; and cur-

rent or previous second malignancies.
Also excluded were patients who had pre-
viously undergone chemotherapy or ab-
dominal surgery or irradiation. The tu-
mor spread (T stage) was assessed with
intrarectal ultrasonography (US) and/or
computed tomography. In a few patients
(n 5 4), it was not possible to determine
the tumor volume due to an obstruction
of the rectal passage that rendered it prac-
tically impassable to the US probe. Prior
to treatment, each tumor infiltrated the
perirectal fat; this finding confirmed the
diagnosis of a cT3 tumor. Detailed pa-
tient data are shown in Table 1.

The clinical and histopathologic classi-
fication and stage grouping were in ac-
cordance with TNM classification (18).

Each patient received combined chem-
oirradiation with a total radiation dose of
between 38.3 and 44.0 Gy before sur-
gery; single doses of 1.1 Gy were admin-
istered twice daily. Also, 350 mg/m2

5-fluorouracil was continuously adminis-
tered through an implanted Port-A-Cath
Deltec CADD-1 system (SIMS Deltec; St.
Paul, Minn) on each treatment day. Ra-
diation fields in a three-box technique
included the rectal canal and adjacent
lymph nodes. Each combined chemoirra-
diation treatment in this study started on
Monday, and results were interrupted on
weekends. After 4 weeks of treatment, the
patients had a recovery interval of 2
weeks and were scheduled for surgery in
the following week.

This trial was approved by the local
institutional review board. Each patient
was fully informed and provided written
consent.

Evaluation of Perfusion Parameters

We used a direct approach, namely dy-
namic T1 mapping with snapshot fast

low-angle shot (FLASH) sequences (19),
to quantify concentration-and-time curves
(20). This method relied on the assump-
tion that the change in bulk tissue relax-
ation rate, or R1 equals 1/T1, is a linear
function of contrast medium concentra-
tion in the tissue. Relative concentration-
and-time curves for the contrast medium
were determined from the set of dynam-
ically acquired T1 maps and were calcu-
lated on the basis of region-of-interest
(ROI) measurements in arterial blood (right
external iliac artery). The ROIs were sized
according to the cross-sectional area of
the vessel (usually 6 mm; range, 5–7 mm)
and over the entire tumor tissue (Fig 1).
All ROIs were placed by the same author
(A.d.V.), who was blinded to the out-
come of the patients.

As a first step toward the quantitative
assessment of tumor perfusion, the steep-
est slope of the concentration-and-time
curve during contrast medium uptake
was evaluated. A problem of earlier stud-
ies in which descriptive curve parameters
were used is the lack of data about the
arterial input function (12,14,17). To
take this into account, we calculated the
PI as the maximum of the arterial curve,
or ga, divided by the maximum slope of
the organ (tumor) curve, or gk (21). To
derive gk, a straight line was fitted
through at least nine points at the steep-
est rise in the tissue curve (four points
before and four points after the steepest
slope). PI values were recorded both be-
fore and during radiation therapy.

Pulse Sequence

For the evaluation of T1 maps, an
inversion-recovery snapshot FLASH se-
quence, as described by Gneiting et al
(19) and Deichmann and Haase (22), was

TABLE 1
Patient Characteristics

Patient
No./Age

(y)
Preoperative

Stage*

Total Dose at
Preoperative Radiation

Therapy (Gy)† Surgical Treatment
Postoperative

Stage*

1/71 cT3N2M0 39.4 Abdominoperineal resection ypT2N1M0
2/40 cT3N1M0 39.4 Abdominoperineal resection ypT2N1M0
3/59 cT3N0M0 43.6 Abdominoperineal resection ypT3N1M0
4/55 cT3N0M0 44.0 Abdominoperineal resection ypT3N0M0
5/57 cT3N2M0 39.4 Low anterior resection ypT3N2M0
6/67 cT3N0M0 39.4 Abdominoperineal resection ypT2N2M0
7/65 cT3N2M0 39.9 Abdominoperineal resection ypT2N2M0
8/55 cT3N1M0 39.4 Abdominoperineal resection ypT3N0M0
9/47 cT3N0M0 38.3 Low anterior resection ypT0N0M0

10/47 cT3N1M0 39.4 Low anterior resection ypT2N0M0
11/38 cT3N2M0 43.8 Abdominoperineal resection ypT3N1M0

* Staging was in accordance with TNM classification (18).
† Single doses of 1.1 Gy were administered twice a day.
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performed by using a 1.5-T whole-body
imager (Magnetom Vision; Siemens, Er-
langen, Germany). The pulse sequence
consisted of a preceding nonselective in-
version pulse followed by the acquisition
of a series of 16 T1-weighted snapshot
FLASH images. In the measurement of
the T1 time, the nonselective inversion
pulse was used to exclude errors, which
may arise from the noninverted water
spins flowing with the blood into the
imaging plane during data acquisition.

To guarantee sufficiently accurate sam-
pling of fast relaxation dynamics as they
occur in blood after contrast medium ad-
ministration, a short repetition time of
3.9 msec, a gradient echo time of 2.0
msec (3.9/2.0), and flip angle of a 5 5°
were chosen, with the acquisition of a
k-space–reduced scanning matrix of 64 3

128 elements (zero filled to 128 3 128).
The use of these parameters resulted in
an acquisition time of 250 msec per snap-
shot FLASH image. A linear off-center
phase-encoding scheme was used (16
lines off center) to improve the reliability
of the T1 mapping sequence with small
T1 values. Sixteen snapshot FLASH im-
ages were acquired after the initial inver-
sion pulse, with a total 4-second acquisi-
tion time for one T1 map. Complete T1
relaxation prior to the acquisition of the
T1 map is crucial for the precision and
reliability of the T1 maps. To achieve this
relaxation and, thus, to exclude steady-
state effects, the interval between consec-
utive T1 maps was chosen to be at least
14 seconds.

A quadrature phased-array body coil
was used without performing intensity-

profile correction to obtain unmanipu-
lated image intensities. The accuracy of
the obtained T1 values was verified by
means of phantom measurements, where
spectroscopically determined T1 values
were compared with our T1 map data
(19). Thereby, a mean deviation from the
spectroscopic data of 2.8% and a maxi-
mum deviation of 5.6% was determined
for all physiologic T1 values down to 150
msec.

T1 maps were calculated by using a
least-square–fitting routine on a pixel-by-
pixel basis and by taking progressive sat-
uration effects into account. For practical
purposes, T1 values were encoded by us-
ing a color look-up table, where blue re-
gions denoted areas with a long T1-time,
and red denoted regions with a short T1-
time. A color change toward red signified
a reduction in T1 due to contrast me-
dium uptake (Fig 1).

Patient Measurements

The initial MR imaging investigation
was performed before the onset of radia-
tion therapy and was repeated at con-
stant intervals once weekly during the
course of treatment. The patients re-
ceived an intravenous injection of 20 mg
Buscopan (Boehringer, Ingelheim, Ger-
many) prior to mapping to minimize
peristaltic movement.

Transverse sections (field of view, 30
cm; thickness, 5 mm) through the pelvis
of each patient were selected so that both
the tumor and arterial vessels (external
iliac arteries) could be clearly identified
on the images (Fig 1). During the pre-
treatment examination, a section posi-
tion for the T1 maps was chosen, which
allowed the simultaneous delineation of
arterial blood and tumor tissue. With this
position, suitable anatomic markers such
as bone structures in the pelvis were de-
fined and were used for navigation in the
following treatment measurements.

For dynamic T1 mapping, a contrast
medium dose of 0.05 mmol of gado-
pentetate dimeglumine per kilogram of
body weight (Magnevist; Schering, Erlan-
gen, Germany) was infused at a constant
rate into the right brachial vein by using
a syringe pump over 4 minutes (flow rate,
90–105 mL/h). The constant-rate infu-
sion was started after two precontrast T1
maps had been obtained. After the onset
of the prolonged bolus injection, con-
trast medium uptake was recorded by ob-
taining 31 T1 maps at intervals of 14
seconds. The relatively slow contrast me-
dium washout period was monitored by
obtaining 15 T1 maps at intervals of 2

Figure 1. (a, b) Transverse T1-weighted turbo spin-echo MR images (800/12; turbo factor, 3;
field of view, 350 mm; matrix, 256) of the measurement plane obtained in patient 6 (a) before
and (b) after gadopentetate dimeglumine infusion. (c, d) Representative T1 maps obtained
through the pelvis in the same patient (c) before and (d) after gadopentetate dimeglumine
infusion. T1 values were encoded by using a color look-up table, where blue represented a long
T1 and red, a short T1. Changes in T1 are a measure of contrast medium concentration (eg, color
shift from blue to red represents contrast medium uptake in tissue). In a–c, arrows and white
outlines indicate the tumor region. In c, xx indicates the left external iliac artery used in the
calculation of the PI.
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minutes. The resultant total time re-
quired for an examination, including the
acquisition of transverse T1-weighted
turbo spin-echo images (800/12; turbo
factor, 3; 350 mm; matrix, 256) before
and after contrast enhancement, was
about 50 minutes.

Statistical Analysis

All statistical analyses were performed
by using SPSS version 8.0 (SPSS, Cary,
NC). Because of some deviations from a
normal distribution, nonparametric pro-
cedures were applied. Paired comparisons
were performed by using the Wilcoxon
test. Since this study aimed to identify
trends and substantial changes, no ad-
justments in P values for multiple testing
were performed. The correlation between
succeeding values were evaluated by us-
ing the Spearman rank correlation coef-
ficient.

RESULTS

A total of 11 patients were examined at
five weekly measurement points. Data
from two (4%) measurement points (N 5
55) were excluded from the evaluation
due to technical injection errors. No
treatment was interrupted for therapeu-
tic reasons or occurrence of side effects
that exceeded grade 2 according to the
Radiation Therapy Oncology Group and
the European Organization for Research
and Treatment of Cancer (23).

With correct section positioning, both
the tumor and arterial blood in the exter-
nal iliac arteries were depicted on the T1
maps. During contrast medium applica-
tion, T1 values reached a minimum of
0.40 second in arterial blood, 0.65 second
in tumor, and 0.80 second in muscle. All
of these values were well within the spec-
troscopically verified sensitivity range of
the sequence. The spatial resolution of
the T1 maps proved to be sufficient to
reveal regions of different uptake kinetics
in individual tumors. During constant-
rate infusion, a steady and nearly linear
increase in the concentration of contrast
medium in arterial blood was observed.
After termination of the infusion, a sharp
peak was seen, followed by a multiexpo-
nential decay. The concentration in the
tumor tissue peaked a few minutes after
the concentration peaked in arterial
blood (Fig 2).

The descriptive observed weekly PI val-
ues in all 11 patients per treatment week
are shown in Table 2. During the 1st
week, all 11 (100%) patients had an in-
crease in PI values compared with pre-

treatment values (Fig 3); ten (91%) of the
11 patients had higher PI values in the
2nd week, six (67%) of nine had higher
values in the 3rd week, and six (55%) of
11 had higher values in the 4th week.
Comparison of mean PI values and time
showed a significant increase in the 1st
(P 5 .003) and 2nd (P 5 .01) weeks of
treatment, whereas the changes mea-
sured in the 3rd (P 5 .075) and 4th (P 5
.213) weeks were not significant (Ta-
ble 3).

The T and N stages improved in six
(55%) and four (36%) of 11 patients, re-

spectively (Table 1). Patients with high
initial PI values before treatment had sig-
nificantly greater N downstaging (P 5
.042) in the untreated tumors than did
patients with low PI values. The correla-
tion of PI values in week 0 and improve-
ment in T stage was not significant but
showed a trend (P 5 .082) that paralleled
regression in N stage (Table 4).

DISCUSSION

We evaluated tumor perfusion data dur-
ing the course of fractionated combined

Figure 2. Plot shows typical curves for relative concentration, represented as change in relax-
ation rate (DR1), versus time in the arterial blood, muscle, and tumor of patient 6 before
treatment. Change in R1 is a linear function of contrast medium concentration in tissue. s 5
seconds.

TABLE 2
Descriptive Observed PI Values in a Course of Chemoirradiation

Observation Schedule
(wk)

No. of
Patients

Mean
(mL z min21

z mL21) SD

Minimum
(mL z min21

z mL21)

Maximum
(mL z min21

z mL21)

0 11 0.155 0.030 0.076 0.185
Change, wk 0 to wk 1 11 0.032 0.009 0.008 0.093

1 11 0.187 0.045 0.106 0.277
Change, wk 1 to wk 2 11 0.002 0.002 20.063 0.054

2 11 0.188 0.034 0.140 0.240
Change, wk 2 to wk 3 9 0.007 0.024 20.064 0.127

3 9 0.190 0.052 0.138 0.288
Change, wk 3 to wk 4 9 20.018 0.027 20.131 0.121

4 11 0.181 0.059 0.096 0.319
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chemoirradiation. Unlike previous stud-
ies, our study included patients who were
homogeneous with regard to tumor en-
tity (primary rectal carcinoma), tumor
stage (cT3), and treatment schedule. The
entire course of therapy was monitored
with weekly MR measurements, and sub-
sequent resection of the tumors allowed
correlation of our findings with his-
topathologic classifications and surgical
stages.

Dynamic MR imaging with prior ad-
ministration of gadopentetate dimeglu-
mine has been used in a few studies to
evaluate tumor microcirculation (12,14–

17). At MR imaging with gadopentetate
dimeglumine, T1-weighted signal inten-
sities are widely used in the calculation of
concentration-and-time curves. However,
relative changes in signal intensity are not
ideally suitable for use in quantitative as-
sessment of contrast medium concentra-
tion and, thus, of tumor perfusion due to
a variety of factors (24,25). To avoid this
source of error, we used dynamic T1 map-
ping with snapshot FLASH sequences as a
direct approach to quantification (20,22).

This method has the potential for on-
line monitoring of the individual micro-
circulatory response of a tumor to ther-

apy. From the series of T1 maps, reliable
concentration-time curves and, thus, the
uptake and washout of contrast medium
can be measured with excellent spatial
and temporal resolution in both the tu-
mor and its feeding arteries. The concen-
tration-and-time curves obtained reflect
the well-known pharmacokinetic behav-
ior of an extracellular contrast medium
such as gadopentetate dimeglumine and
are not falsified by nonlinear dose-effects
of the contrast medium or other errors
typically associated with dynamic studies
of signal intensity images (24,25).

We administered the contrast medium
as a prolonged bolus over 4 minutes with
a syringe pump; we used a constant rate
of infusion to ensure a steady state be-
tween intravascular and interstitial con-
trast medium concentrations. An instan-
taneous bolus injection technique, as
reported in most previous publications
(12,14,16,17), does not necessarily repre-
sent a steady-state single-bulk situation
during the first pass of the contrast me-
dium and, thus, might lead to errors in the
deduced concentration-and-time curves
(26,27).

Although our method has proved to be
feasible in a clinical setting and yields
consistent data on tumor perfusion (13),
there are limitations concerning data ac-
quisition time and sample size. As with
other sampling methods (eg, polaro-
graphic oxygen measurements), it is
questionable whether the sample mea-
sured in only a restricted area or a single
plane is representative enough to support
estimations about the behavior of the
whole tumor. Meanwhile, our group suc-
ceeded in developing a multisection T1
mapping technique that has already been
validated in tests (28). In future studies,
the sampling rate can be raised substan-
tially, and a wider coverage of tumor tis-
sue can be achieved.

Analysis of our data on the basis of PI
values involved the use of data from only
the first 10 minutes in the concentration-
and-time curves. Therefore, in future
studies, the total observation time of
contrast medium kinetics can be short-
ened substantially. Shortening the acqui-
sition time for T1 maps from approxi-
mately 50 to 10 minutes should allow the
use of this method as a adjunct to any
diagnostic MR examination, with only a
slight increase in examination time.

Another point of concern is the influ-
ence of the chemotherapeutic agent on
the microcirculation of normal and tu-
mor tissue. Only a few articles reported
data for high-dose administration of
5-fluorouracil. Kakinuma and Ohwada

Figure 3. Line graph shows relative changes in mean PI values
during chemoirradiation. Error bars indicate the SD. Pretreatment PI
value at week 0 was defined as 100% in all patients.

TABLE 3
Test Results

Results of the Mann-Whitney
Test by Week

Results of the Spearman r Test by Week

0 1 2 3 4

0 . . . 0.721* 0.536 0.300 0.409
1 0.003* . . . 0.379 0.311 0.315
2 0.010* 0.894 . . . 0.083 0.836*
3 0.075 0.859 0.594 . . . 0.483
4 0.213 0.424 0.182 0.477 . . .

* P value was less than .05.

TABLE 4
Test Results

Results of the
Mann-Whitney Test

Results of the Spearman r Test

Initial Mean
PI Value

Downstaging
Total T Downstaging N Downstaging

Initial mean PI value . . . 20.194 20.577 0.657*
Downstaging total 0.630 . . . 0.671* 0.463
T downstaging 0.082 . . . . . . 20.069
N downstaging 0.042* . . . . . . . . .

* P value was less than .05.
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(29) described no substantial change in
gastric mucosal blood flow in rats after
intravenous administration of low-dose
(50 mg/kg) 5-fluorouracil but did report a
substantial and dose-dependent decrease
after the administration of high doses of
5-fluorouracil (100 or 200 mg/kg). In
RIF-1 murine tumors, Li et al (30) de-
scribed a substantial increase of blood
perfusion, which was estimated by up-
take of 86 Rb1, after treatment with
5-fluorouracil (100 or 200 mg/kg, intra-
peritoneal injection); 86 Rb1 uptake in
normal tissues (skin, muscle) was unaf-
fected. At present, no data are available
concerning the effects of continuous ad-
ministration of 5-fluorouracil with its in-
herent low chemotherapeutic concentra-
tion levels in the bloodstream. Current
investigations aim to clarify whether an
indirect effect due to the reduction of
vital cells in tumor exists (31).

In 21 patients with different tumors
(colorectal, gastric, hepatocellular carci-
nomas), Harte et al (32) used positron
emission tomography to show a close
correlation between uptake and reten-
tion of radioactively labeled 5-fluoroura-
cil and blood flow. Zanelli et al (6) found
the following three peaks of 3H-vincris-
tine sulfate uptake in tumors in CBA/He
mice: at 14 (1st week), 28 (2nd week),
and 40 (3rd week) Gy. Radiobiologic ob-
servations have proved that the capillary
system becomes more permeable after ir-
radiation (33). Our results indicate that
the increased microcirculation can be ex-
plained as a combination of increased
perfusion and extraction fraction.

PI, our main parameter for assessing
tumor microcirculation, combines two
important parameters: tissue perfusion
and extraction fraction. It can be specu-
lated that the accumulation of nutrients
and therapeutic agents is mainly domi-
nated by these two parameters (34). There-
fore, PI measurements may be used to reli-
ably monitor microcirculatory changes
that are highly relevant to tumor therapy.
We use both effects, tumor perfusion and
the extraction fraction, for assessing tu-
mor microcirculation with T1 mapping.
The contrast agent used, gadopentetate
dimeglumine, has a molecular weight
similar to that of most chemotherapeutic
agents. Thus, the MR imaging data
should resemble chemotherapeutic ex-
traction kinetics.

The increase in PI values during the
2nd to 3rd weeks of chemoirradiation
suggests a notable increase in blood sup-
ply to the tumor. The degree and time
course varies between individual pa-
tients. This variability can be explained

by the complex effects of the combined
therapy, which directly affect the tumor
vasculature and which act on the tumor
cells to cause secondary changes to the
blood supply.

Monitoring the tumor perfusion data
could guide the optimal timing for the
administration of chemotherapeutic agents
during fractionated irradiation. Monitor-
ing would allow us to reduce the total
dose of chemotherapeutic agent used
while maintaining or even improving the
therapeutic result. As a consequence, this
reduction could lead to a reduction of
side effect–induced interruption of che-
moirradiation, which has been shown to
have a substantial negative effect on ther-
apeutic success (35,36). In any case, our
results may lead to a better understand-
ing of tumor behavior during fraction-
ated radiation therapy.

Measurement of PI values before ther-
apy seems to have value in the prognosis
of tumor treatment outcome. Our data
showed a significant correlation between
higher PI values before treatment and N
downstaging (P 5 .042), which, in turn,
has a substantial influence on therapy
outcome, as Janjan et al (37) demon-
strated. This finding can be explained by
the combination of two previous obser-
vations: Hawighorst et al (16) showed a
positive correlation between microvascu-
lar density in tumor tissue and their mi-
crocirculatory data. Vascular density in
tumor tissue itself relates significantly
with therapy outcome, as Weidner et al
(38) and Kohno et al (39) showed.

Similar results exist from previous MR
studies (16,17) in which the initial up-
take of contrast medium in tumor tissue
was shown to be indicative of the effec-
tiveness of radiation therapy. In tumor
cells, microcirculatory data might well re-
flect the oxygen status, a major factor
that influences radiosensitivity. How-
ever, the numerous interactions between
microcirculation, oxygen uptake, and
consumption in tumor tissue necessitate
further study.

Studies involving larger patient popu-
lations and the monitoring of different
types of tumor entities with any combi-
nation of radiation therapy and chemo-
therapy might lead to a better under-
standing of tissue behavior. The future
use of more sophisticated tissue compart-
ment models for obtaining our T1 map
data will allow a more differentiated ob-
servation of physiologic parameters (15).

In summary, our noninvasive method
for measuring perfusion data has proved
to be a robust and practical tool for mon-
itoring tumor microcirculation during

the entire course of fractionated chem-
oirradiation and for studying its influ-
ence on therapy.
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