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ABSTRACT

Identification of biological parameters of major impor-
tance for the control of malignant diseases can be useful for
the design of optimal treatment regimes for individual pa-
tients. Tumor oxygen tension (pQ), vascular density, cell
density, and frequency of mitosis and apoptosis were meas-
ured before treatment (40 patients) and after 2 weeks of
radiotherapy (22 patients) in patients with uterine cervical
cancer. The aim was to investigate whether one of the pa-
rameters was more important for disease control than the
others. Three sets of data were considered; the pretreatment
parameters, the parameters measured after 2 weeks of ra-
diation, and the changes in the parameters during this time.
The pO, was measured polarographically; the other param-
eters were determined by histological analyses of tumor
biopsies. Hypoxic subvolumeKISVy), i.e., the fraction of pO,
readings <5 mm Hg multiplied with tumor volume, showed
the strongest correlation to control. Patients with a small
HSV; before treatment had a higher control probability
after a median follow-up time of 50 months than patients
with a large HSV; (P < 0.001). All other parameters or
changes in parameters showed impaired correlation to con-
trol compared with pretreatment HSV.. The present results
suggest that pretreatment oxygenation is more important
for disease control of cervical cancer than the oxygenation
after 2 weeks of radiotherapy or the changes in oxygenation
during this time. Moreover, vascular density, cell density,
and frequency of mitosis and apoptosis before treatment or
after 2 weeks of therapy are probably not as important as
pretreatment oxygenation as well. Although significant cor-
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relations between disease control and some of the parame-
ters other than pretreatment oxygenation can occur in stud-
ies based on a large number of patients, the specificity of
these parameters in the prediction of control is probably not
as high as for oxygenation.

INTRODUCTION

Several tumor biological parameters, such as oxygenation
and activity of angiogenesis, proliferation, and apoptosis, can be
important for treatment response and formation of metastases in
cancer patients and hence for the control of malignant diseases.
Thus, tumor hypoxia can cause increased resistance to radiation
and increased expression of genes encoding for metastasis-
promoting proteins, whereas the resistance to some cytotoxic
agents may decrease (1, 2). Increased angiogenic activity can
also enhance the metastatic process; the escape of tumor cells
into the blood circulation can be facilitated in highly vascular-
ized tumors, and the growth probability of tumor cells trapped in
secondary organs can increase with elevated capacity to induce
neovascularization (3). High proliferation activity may reflect
increased malignancy because of rapid tumor progression (4)
and can lead to local failure after fractionated treatment because
of significant repopulation of surviving tumor cells during ther-
apy (5). Finally, decreased apoptotic activity can cause local
failure because of survival, rather than apoptosis, of tumor cells
after treatment (6). Low apoptotic activity can also indicate
increased metastatic capacity because of a highly malignant
phenotype of cells adapted to adverse conditions (7). Pretreat-
ment values of these parameters have been shown to correlate
with control probability of several types of cancers, including
uterine cervical cancer (8—15). However, a large number of
patients are often needed to obtain significant results, and sev-
eral studies report no correlations at all (8, 16, 17). The clinical
usefulness of the parameters in the prediction of disease control
is therefore not clear. Moreover, it is not known whether
changes in the parameters during therapy are more important for
control than the pretreatment values.

Identification of the biological parameter most important
for disease control can be useful for selection of patients for
different treatment regimes and for development of efficient
strategies to influence the control probability by changing the
jological parameter. Such identification should be based on
studies of several parameters in the same population of patients.
Comparison of results from different studies is complicated
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stage of disease, treatment regime, and follow-up time. In the
present work, tumor oxygen tension (pOvascular density, cell

"density, and frequency of mitosis and apoptosis were measured

before the start of treatment (40 patients) and after 2 weeks of
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radiotherapy (22 patients) in patients with carcinoma of theevaluation of disease control: overall survival, disease-free sur-
uterine cervix. The aim was to investigate whether one of thevival, and locoregional control. Locoregional control was de-
parameters was more important for disease control than théned as complete and persistent regression of tumor within the
others. Three sets of data were considered: the pretreatmeitadiated field.

parameters, the parameters measured after 2 weeks of radiation, Oxygen Tension. Oxygen tension was measured in the
and the changes in the parameters during this time. The measamors before treatment (40 patients) and after about 2 weeks of
urements after 2 weeks were performed during the early phasediotherapy (22 patients)e., after a median radiation dose of

of radiotherapy,i.e., before significant tumor shrinkage had 16 Gy was achieved by external irradiation and before brachy-
occurred. Knowledge of possible relationships between diseastherapy was initiated. General anesthesia (Propofol i.v.) was
control and biological parameters of this phase would be parused in nine patients subjected to a single, p@kasurement,
ticularly useful because strategies for selecting patients to adjustherwise no anesthetic was used. The anesthetic Propofol has
vant treatments and/or for changing the biological parametersio significant influence on body temperature or tumor, p®
should be initiated as early as possible during therapy. The pOcervical cancer patients (18). The measurements were per-
was measured by use of polarographic needle electrodes. Vagrmed by use of polarographic needle electrodes with a shaft
cular density, cell density, and frequency of mitosis and apo-diameter of 30Qum (Eppendorf p@ histograph 6650; Ref. 19).
ptosis were determined by histological analysis of biopsiesThe same electrode was generally used in the two measurements

taken after each pOmeasurement. of each patient. The electrode was moved automatically through
the tumor in two to six different tracks. The number of pO
PATIENTS AND METHODS readings in each tumor was 57-317 (median, 168). Five pO

Patients, Treatment, and Follow-Up Schedule. Forty parameters were calculated for each tumor: mediag fr@c-
patients with primary squamous cell carcinoma of the uterinefions of pQ readings<2.5 mm Hg, 5 mm Hg, and 10 mm Hg
cervix were included in the study. Patients’ ages were 27—69HF2s HFs, andHF,g), and the tumor subvolume with pO
years (median, 46 years). The déetion Internationale des réadings<5 mm Hg HSV;, where HSV; = HFg X tumor
Gynaecologistes et Obstetristes (3) stages were Ib (7 patientsyPlume). Tumor volume was calculated ¥s= w/6-a- b - c,
lla (1 patient), llb (23 patients), lllb (7 patients), and IVa (2 where a, b and c are three orthogonal diameters determined
patients). The largest tumor diameter was 2.7-9.1 cm (mediardfom MR images. .

5.8 cm), as determined from pretreatment MRages. A sub- Biopsies. A needle biopsy (1< 18 mm) was taken from
group of 22 patients, representative of the whole group ofé@ch measurement track immediately after the, p@ctrode
patients, was subjected to measurement of biological paramete}¥2s Withdrawn from the track (19). Consequently, two to six
after 2 weeks of therapy. Twenty-two rather than all patiemsblop&es were achieved from each_ tumor before tre_atment (4_10
were included in this part of the project because it was initiatedP@tients) and after 2 weeks of radiotherapy (22 patients). This
after the study had started. Patients’ ages of this group wer@rocedure ensured that possible heterogeneity in the histological
27-64 years (median, 46 years); thed&ation Internationale ~Parameters V\{ithin.the tumors was taken into account. The bi-
des Gynaecologistes et Obstetristes stages were Ib (2 patient§pPsies were fixed in phosphate-buffered 4% paraformaldehyde,
llb (15 patients), llIb (3 patients), and IVa (2 patients); and theembedd_ed in pgraﬁln casts, a_nd cut in the length dlrectloq to
largest tumor diameter was 2.7-9.1 cm (median, 6.3 cm). Thé&-wm-thick sections. The sections were p_repared as described
study was approved by the local ethical committee, and inbelow and analyzed by one person (H. L.) in a light microscope
formed consent was obtained from all patients. with an eyepiece grid for determination of vascular density, cell

Radiotherapy was given as combined external irradiationdensity, and frequency of mitosis and apoptosis. The reproduc-
and brachytherapy with curative intent to all but four patients. Pility of the histological analyses was assessed by performing
External irradiation was delivered with 10 MV or 16 MV repeated analyses of 10 sections. The first and second determi-
photons by use of a linear accelerator. A total dose of 50 Gy ihations of the histological parameters were significa_ntly corre-
fractions of 2 Gy per day five times/week was given to the lated to each other( < 0.001), and there was no difference
pelvic region with a four-field box technique. Endocavitary between these two determinations, regardless of which param-
brachytherapy was delivered by use of a high dose e eter that was considereﬁ K 0..85). A.II histological paralm.e.ters
afterloading machine. A total dose of 29-34 Gy was given in'ere therefore determined with satisfactory reproducibility.
seven to eight fractions to point A. Adjuvant chemotherapy was ~ Vascular Density. Vascular density was determined in
not used. sections immunostained for factor VllI-related antigen. A rabbit

The patients were followed up with clinical examinations Polyclonal antibody, Dako A0082 (Dako Corp., Santa Barbara,
every third month for the first 2 years and thereafter twice aCA). applied at a dilution of 1:500 at 20°C for 30 min, was used
year. MR imaging of retroperitoneum and X-ray of the thorax 8 Primary antibody. Immunoperoxidase staining was performed
were performed during the first follow-up examination, after 2 Py using the Vectastain ABC peroxidase kit (Vector Laborato-
months, after 1 year, and thereafter when symptoms of recurrerft€s: Burlingame, CA) with goat-antirabbit IgG as biotinylated

disease were seen. Three different end points were used @fcondary antibody and diaminobenzidine as chromogen.
Brown-stained endothelial cell clusters were identified as ves-

sels. All sections of each tumor were scannedxd0. The
three areas (25 mfhof highest vascular density were selected,
3The abbreviations used are: MR, magnetic resonance; Tdt, terminatnNd all vessels within these areas were counted220. Vas-
deoxynucleotidyl transferase; HSV, hypoxic subvolume. cular density was calculated as number of vessels pef aim




1106Disease Control of Cervical Cancer

tissue. The mean value based on the three selected areas VRESULTS

used to represent vascular density of each tumor. Biological Parameters before Treatment. After a fol-

Cell Density. Sections stained with H&E, using standard |ow-up time of 31-69 months (median, 50 months), 18 of 40
procedure, were used to determine tumor cell density. Stromgpatients progressed or relapsed; 17 patients had metastases
carcinoma tissue, and a negligible amount of necrosis were seasutside the radiation field with or without locoregional recur-
in the sections (19). Five fields, each generally including 50—rence, and 1 patient had locoregional recurrence without metas-
150 cells, were selected within the carcinoma tissue of eachases. Fourteen of these patients died from cervical cancer
section. Carcinoma cell nuclei were identified based on a blualuring the follow-up period. Locoregional recurrence was ob-
color and a spherical shape. All nuclei within the fields were served in seven patients. There were, therefore, 14, 18, and 7
counted at<400, and the number of nuclei per rimf carci-  failures, using overall survival, disease-free survival, and lo-
noma tissuel,, was determined. The area fraction of carcinomacoregional control as end points, respectively. Tumor stage was
tissue,F., was determined by point-counting &t100. Tumor  significantly correlated to overall and disease-free surviRak(
cell density was defined as number of carcinoma cell nuclei pef.01; Table 1).
mn? of tissue (including stroma and carcinoma tissue) and was ~ The pQ, distributions measured before treatment differed
calculated a®, X F.. considerably among the patients. Relationships were found be-

Frequency of Mitosis. H&E-stained sections were used tween pretreatment pand disease contraiS\; was the pQ
to determine mitotic frequency. Carcinoma cell nuclei with parameter that showed the strongest correlation to control. Cu-
morphological changes caused by chromosome segregatidRulative frequency diagrams of pretreatmiei®\; are shown in
were identified as mitotic cells. All mitotic cells were counted Fig- 1,A, C,andE). The failures are indicated by black symbols,
by careful examination of the whole sections>400. Mitotic ~ USing overall survival4), disease-free survivaQj, and locore-
frequency (%) was calculated as the number of mitotic carci-gional control €) as end point. ThéiS\; of all patients ranged
noma cells per number of all carcinoma cells. from 3.3 to 184.5 crfy with a median of 33.9 cfh Failure

Frequency of Apoptosis. Apoptotic frequency was de- OQCurred most often among patients.wiFr.] a larfB\L. Patients
termined in sections stained by use of the Apdagitu apo- ~ With @ HS\; above median had significantly lower control
ptosis detection kit (Oncor, Gaithersburg, MD). The staining probability than those with BIS\; below median, regardless of

was based on the TdT-mediated dUTP-biotin nick end Iabeling}’vmathtlar overall survival, disea_se-free S“r‘_’“’.a" or locoregional
method (20). Shortly, a solution of 30% TdT was applied at'ion:\;lo was usehd as an end PO'T€ 0.001; I|:|g 1‘% D, and
37°C for 60 min to link dUTP-digoxigenin to the' Bydroxy ). Moreover, there was a significant correlation between sur-

SR , . vival andHSV; (P < 0.001, overall and disease-free survival,
ends of fragmented DNA. Anti-digoxigenin peroxidase conju- .
. . .. P = 0.004, locoregional control; Table 1). Th#; was also
gate was applied for 30 min to detect labeled nucleotides. . . ; .
- - . related to control. Patients with ldF5 above median had sig-
Diaminobenzidine was used as chromogen. A biopsy from a

neoplastic lymph node of a patient with B-cell non-Hodgkin's mﬂcgntly Io&ver control probab|||ty th.anihose W'tm& below
. . edian P = 0.03, overall survivalP? = 0.006, disease-free
lymphoma served as a positive control. Apoptotic frequency ofm

. . survival; P = 0.02, locoregional control). The correlation be-
this lymph node was-20%, as determined by flow cytometry S .
7 A i ) tweenHFg and control was significant when disease-free sur-
earlier in our institution. Negative controls received no TdT. To

. . e . . vival was used as end poir (= 0.05) but on the borderline of
avoid erroneous identification of apoptotic cells because of light . .. . . .
- - ) ) significance when overall survivaP(= 0.08) or locoregional

staining of necrotic cells, only brown-stained carcinoma nuclei — . :
ith holoaical ch teristi iated with tosi control P = 0.18) was considered in the analyses (Table 1).
with morphological charactenstics associaled with apoplosis Pretreatment vascular density, cell density, and frequency

were identified as apoptotic cells. Such characteristics includ%f mitosis and apoptosis also differed among the patients. The

overall shrinkage, homogeneous dark basophilia, a genera”Ylgures presenting the histological parameters refer to disease-

round or crescent shape, and a narrow empty space often SUae gyrvival as an end point; however, similar results were
rounding the nucleus. All apoptotic cells were counted by Caré;chieved, regardless of which end point was considered. The
ful examination of the whole sections at00. Apoptotic fre-  pigis|ogical parameters showed no correlation to disease control
quency (%) was calculated as number of apoptotic carcinomgraple 1). Moreover, there was no difference in control proba-
cells per number of all carcinoma cells. bility between patients with a high value and patients with a low
Statistical Analysis. The patients were divided into two  yajye of these parameters (Fig. 2). Pretreatment vascular den-
groups based on high (above median) and low (below mediangity, cell density, and frequency of mitosis and apoptosis were
value of the biological parameters. The control probability wastherefore probably of minor importance for disease control
compared between the groups by actuarial analysis, using gompared with pretreatmehtS\.
log-rank test in Kaplan-Meier estimates. Univariate and multi- Biological Parameters after 2 Weeks of Radiotherapy.
variate Cox regression analyses of continuous data were used fthe 22 patients subjected to a second measurement of biological
search for correlations between disease control and biologicgdarameters after 2 weeks of radiotherapy had a follow-up time
parameters. A two-tailettest or a Mann-Whitney rank sum test of 51-64 months (median, 45 months). Twelve patients pro-
was used, depending on whether the data were normally distribgressed or relapsed, and 10 of these patients died from cervical
uted, to search for differences in biological parameters betweegancer during the follow-up period. There were 6 patients with
two groups of patients. A significance level Bf= 0.05 was  locoregional recurrence. Consequently, 10, 12, and 6 failures
used throughout. occurred, using overall survival, disease-free survival, and lo-



Clinical Cancer Researc07

Table 1 Univariate Cox regression analysis of stage, volume, and biological paranietstsdisease control for patients with uterine cervical

cancer
After 2 weeks of Changes during
Pretreatmerit Pretreatmefit radiotherap¥ radiotherap¥
End point P P P P
Overall survival
Stagé 0.01
Volume 0.0002 0.07 0.03
Hsw 0.0001 0.02 0.13 0.09
HF*® 0.08 0.95 0.48
Vascular density 0.80 0.74 0.59
Cell density 0.70 0.40 0.41
Mitotic frequency 0.34 0.84 0.69
Apoptotic frequency 0.72 0.80 0.85
Disease-free survival
Stagé 0.01
Volume <0.0001 0.01 0.03
HS\ <0.0001 0.004 0.007 0.24
HF® 0.05 0.50 0.76
Vascular density 0.51 0.43 0.51
Cell density 0.18 0.90 0.29
Mitotic frequency 0.26 0.43 0.20
Apoptotic frequency 0.46 0.40 0.43
Locoregional control
Stagé 0.07
Volume 0.004 0.21 0.03
Hsw 0.004 0.06 0.33 0.09
HF*® 0.18 0.84 0.61
Vascular density 0.32 0.74 0.71
Cell density 0.14 0.74 0.27
Mitotic frequency 0.49 0.80 0.45
Apoptotic frequency 0.35 0.94 0.89

2Based on 40 patients.

bBased on a subgroup of 22 patients subjected to measurement of biological parameters after 2 weeks of radiotherapy.
¢ Stages | and Iversusstages Ill and IV.

d Fraction of pQ readings<5 mm Hg X tumor volume.

¢ Fraction of pQ readings<5 mm Hg.

coregional control as end points, respectively. Tumor volumethan pretreatmeriiS\; (P = 0.02, overall survivalP = 0.004,
showed no significant change during 2 weeks of radiotherapydisease-free survivaP = 0.06, locoregional control; Table 1).
Statistical analyses of the biological parameters after 2 weeks dbimilar results were achieved when the other,@arameters
radiation and the changes in the parameters during this timafter 2 weeks of radiotherapy were considereé{;, Table 1).
were performed. The results were compared with results fronThe pQ, after 2 weeks of radiotherapy was, therefore, probably
corresponding analyses of pretreatmidBij based on the same not as important as pretreatmé#®\; for disease control.
subgroup of 22 patients, assuming that the subgroup was rep- Vascular density, cell density, and frequency of mitosis and
resentative of the whole group of patients. Thus, the relationshipoptosis after 2 weeks of therapy were not related to control
betweerHSV; and control persisted in analyses, including only either. Failure occurred about equally as frequent, regardless of
the subgroup rather than the whole group of patients (Fig\, 3, whether patients with a high (above median) or a low (below
C, andE; Table 1). It was concluded that a parameter was ofmedian) value of these parameters were considered (Fig. 4). All
minor importance for disease control compared with pretreatparameters showed an impaired correlation to conRot(0.4)
mentHS\; if the correlation between control and the parametercompared with pretreatmehtS\; (Table 1). The vascular den-
was weaker than the correlation between control and pretreasity, cell density, and frequency of mitosis and apoptosis after 2
mentHS\. weeks of radiotherapy were, therefore, probably also of minor
The pQ, changed significantly during radiotherapy for importance for disease control compared with pretreatment
most patients; 10 patients had an increase, 10 patients had HS\;.
decrease, and 2 patients had no change in M&dian HS\, Changes in Biological Parameters during Radiother-
was 57.0 cr before treatment and 45.5 érafter 2 weeks of apy. Changes itHS\; during 2 weeks of therapy are shown in
therapy. Analyses of the data after 2 weeks of therapy showeéig. 5 for patients with failure and patients with control, using
a reduced difference in control probability between patients withoverall survival f), disease-free survivaBj, and locoregional
a large (above median) and patients with a small (below mediangontrol (C) as end pointsHSV; decreased in 13 patients and
HS\; (Fig. 3). Thus,HS\; after 2 weeks of therapy showed a increased in 9 patients. There were no more failures among the
weaker correlation to controP(= 0.13, overall survivalP = patients with decreasddS\j than among those with increased
0.007, disease-free survivalP, = 0.33, locoregional control) HS\. The control probability was, therefore, not increased for
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04 Fig. 2 Kaplan-Meier estimates of control probability after radiotherapy
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02 lar densi Il densi itotic f d
p = 0.0006 vascular ensityX), cell density B)_, mitotic frequency C), an apop-
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value (A) are compared, using disease-free survival as an end point; each

Follow-up time (months) symbolrepresents a censored observation.

. 3y
Hypoxic subvolume ;. (cm”)

Fig. 1 Cumulative frequency diagrams of tumor HSV (fraction of,pO
readings<5 mm Hg X tumor volume) before treatmem( C, andE)
and Kaplan-Meier estimates of control probability after radiother&py (

D, andF) for 40 patients with uterine cervical cancéx, C,andE,  patients had also a significant increase in apoptotic frequency
patients with control @) or failure @) are indicated, using overall

- . X X (P = 0.03; Fig. ®). Vascular density and mitotic frequency
survival (A), disease-free survivgC), and locoregional controlE) as . . :
end points; eacBymbolrepresents one patient; the median value of the ShQWEd no changes during thefapy..The changgs n thg histo-
HSV is marked {~). B, D, andF, patients with pretreatment HSV below logical parameters showed an impaired correlation to disease
the median valueY) and above the median valug.X are compared,  control (P > 0.2) compared with pretreatmerS\; (Table 1).
using Ioverall survival §), disease—frele survivaDy, and locoregional  The changes in these parameters were, therefore, probably also
ggpﬁro ) as end points; eackymbolrepresents a censored observa- of minor importance for disease control compared with the

HS\,.

Multivariate analysis including stage, volume, pgaram-

eters, and histological parameters showed that HSV was the
the former patients, although the HSV had decreased. Th@NY independent parameter correlated to disease comtrel (
magnitude of the changes HS\, was not related to control 0-0001, overal!survwal? < 0.0001, dlsease-freg surV|.v§|;=
either. The changes, ranging from 38.1%tm —91.2 cn? for 0.004, locoregional control; Table 2). Analysis including stage,
patients with failure and fromr 22.9 cn? to —55.3 cnf for volume, and histological parameters identified volume as an
patients with control (Fig. 5), were comparable with the pre-independent parameteP (= 0.0002, overall survivalP <
treatmentHS\,, suggesting that an influence of the changes on0-0001, disease-free survivé = 0.004, locoregional control;

control should be detected, if present. The changeslgy,  Table 2).
showed a weaker correlation to disease cont®l= 0.09,
overall survival;P = 0.24, disease-free survivaP = 0.09, DISCUSSION

locoregional control) than the pretreatmedS\; (Table 1).
Thus, the changes IASV; during 2 weeks of radiotherapy were
probably not as important as pretreatméis\; for disease

Relationships between disease control of cervical cancer on
the one hand and tumor gQvascular density, cell density, and
frequency of mitosis and apoptosis on the other were compared
control. Analyses of changes in the other jpParameters inthe present work in search for a biological parameter of major
showed similar resultsHF5; Table 1). importance for control. Parameters measured before treatment in

Fig. 6 shows changes in vascular density, cell density, andlO patients and after 2 weeks of therapy in 22 patients were
frequency of mitosis and apoptosis during 2 weeks of therapyanalyzed. Analyses based on such a limited number of patients
The cell density decreased significantly, both for patients withare associated with some uncertainties:
failure and patients with controP(< 0.001; Fig. 8), reflecting () The analyses may fail to identify true differences in
a marked treatment effect on the tumors. The two groups ofontrol probability between patient groups (type | error). The
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021 1 Fig. 4 Cumulative frequency diagrams of vascular denshy, (cell
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weeks of radiotherapy for 22 patients with uterine cervical cancer.
Follow-up time (months) Patignts with controlq_)) or failure @) are indicated, usi_ng disease-frg:e
survival as an end point; easlymbolrepresents one patient; the median
value of the biological parameters is marked)( B, C, and D, the
biopsies of two patients with control contained no carcinoma tissue after
2 weeks of radiotherapy, although the tumors were highly palpable,
leading to two points with zero cell densit)(and 20 rather than 22
determinations of mitotic frequency) and apoptotic frequencybdy.
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Fig. 3 Kaplan-Meier estimates of control probability after radiotherapy
for 22 patients with uterine cervical cancé.C, andE, patients with
pretreatment HSV below the median valué) @nd above the median
value (A) are compared, using overall survival)( disease-free survival
(C), and locoregional controH) as end pointB, D, andF, patients with
HSV after 2 weeks of radiotherapy below the median valug §nd
above the median valué\) are compared, using overall surviva)(
disease-free survivaD)), and locoregional controlH) as end points.
Eachsymbolrepresents a censored observation. assuming that the subgroup was representative of the whole

group of patients. This assumption was probably fulfilled, be-

cause patient age, stage of disease, tumor volume, follow-up

time, and biological parameters were about the same for the
aim of our work was to find the parameter most important for subgroup and the whole group of patients. It was, therefore,
control. Because significant results were achieved when one gbossible to draw conclusions based on the subgroup also.
the parameters, pretreatment_p@as considered in the analy- The second measurement of biological parameters was
ses, the number of patients was large enough for our purpos@erformed after a treatment period of 2 weeks,, before
Although inclusion of more patients might lead to strong cor- significant changes in tumor volume were expected. A tumor
relations between disease control and some of the other parandiameter of>2 cm is required for reliable pOmeasurements in
eters also, the specificity of these parameters in prediction otervical carcinomas with the Eppendorf pEistograph (11).
control will probably not be as high as for pO Our choice of time point for the second measurement, therefore,

(b) Differences in control probability between patient ensured that no patients were rejected from this measurement

groups may be erroneously identified (type Il error). We foundbecause of comprehensive tumor shrinkage during treatment.
that patients with a high pretreatment pkad a higher control  Thus, in a previous study on cervix tumors, Fylkgsal. (21)
probability than patients with low pretreatment p@egardless rejected>13% of the patients from the second p@®easure-
of whether all patients or the subgroup of 22 patients wasment after a treatment period of 4 weeks because of insufficient
considered. Others have reported similar differences in studiesimor remaining. It should be emphasized, however, that the use
based on a larger number of patients (14), suggesting that owf another time point for the second measurement may lead to
analyses identified true differences in control probability. More- relationships between control and the biological parameters that
over, conclusions were based on the subgroup of 22 patientsliffer from those presented here, because considerable changes
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Fig. 5 Changes in tumor HSV (fraction of g@eadings<5 mm Hg X clinical studies showing that high incidence of lymph node
tumor volume) during 2 weeks of radiotherapy for 22 patients with metastases at the time of diagnosis is related to high lactate level
uterine cervical cancer. The changes were calculated as the differenggnd low oxygenation of the primary cervix tumor, suggest a

between the values after 2 weeks of therapy and the pretreatment values, . - ¢ : - :
Patients with control @) or failure @) are indicated, using overall e&gnmcant influence of oxygenation on the metastatic process

survival (), disease-free survivabj, and locoregional controld) as (34, 35). Increased radioresistance of hypoxic tumors is, how-
end points; eacBymbolrepresents one patient. ever, also a probable factor contributing to the impaired disease
control of patients with poorly oxygenated cervix tumors (36).
Although several studies indicate that pretreatment oxy-
genation is of major importance for disease control of cervical
in the parameters may occur during the late phase of radiotheieancer, it is not clear whether the oxygenation during radiother-
apy (22-25). Parameters measured during this phase or thepy is important (21, 37). Our results suggest that the oxygen-
changes in these parameters during that time may therefore be afion after 2 weeks of radiotherapy and the changes in the
significant importance for control of cervical cancer comparedparameter during this time are of minor importance for disease
with pretreatment oxygenation. control compared with the pretreatment oxygenation. Similarly,
Pretreatment pOshowed a stronger correlation to disease Fyleset al. (21) reported impaired correlation between oxygen-
control than the other biological parameters, indicating that theation and survival of patients with cervical cancer when hypoxic
oxygenation is of major importance for control after radiother- fraction after 4 weeks of radiotherapy rather than pretreatment
apy of patients with cervical cancer. This hypothesis is sup-hypoxic fraction was considered. There may be several reasons
ported by results from other studies (11, 14, 26). The strongor these observations:
correlation between pretreatment p@nd control suggests that (a) Metastasis formation often occurs during an early phase
the oxygenation influences rate-limiting steps of the eventspf the diseasa,e.,before treatment is started, and may therefore
leading to failure. Regional failure is the most common cause ofdepend primarily on pretreatment oxygenation and not on the
death from this disease (27, 28). Failure can be seen as extensiegygenation during therapy. Thus, lymphogeneous spread of
tumor infiltration and lymphogeneous spread throughout andcervical cancer is common, even in early-stage carcinomas, and
regionally beyond the pelvis, leading to obstruction of the ure-occurs in 25-50% of patients with stages Ib and Il (28, 38).
ters, loss of renal function, and uremia. The main factors deter-  (b) The hypoxia-induced radioresistance, depending on the
mining control after radiotherapy are, therefore, probably inci-oxygenation and clonogenicity at each time of irradiation, may
dence of lymphogeneous metastases and tumor radioresistanaet be very well reflected by the oxygenation after a certain time
(29-31). Hypoxia may induce genetic instability of tumors, of radiotherapy. Thus, the oxygenation may fluctuate between
leading to increased metastatic potential (32, 33). Our recenhigh and low values during therapy, depending on changes in
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Table 2 Multivariate Cox regression analysis of stage, volume, and biological paranvetsissdisease control for patients with uterine
cervical cancer

End point
Overall survival Disease-free survival Locoregional control
Relative Relative Relative
Parameter P risk P risk P risk
:Z’retreatmenHS\/sa 0.0001 1.02 <0.0001 1.03 0.004 1.03
::I’retreatment volume 0.0002 1.01 <0.0001 1.02 0.004 1.02

@ Fraction of pQ readings<5 mm Hg X tumor volume.
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