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Abstract

Purpose: Preclinical data indicate a synergistic effect on apoptosis between irradiation
and recombinant human (rh) tumor necrosis factor-related apoptosis inducing ligand
(TRAIL), making the TRAIL death receptors (DR) interesting drug targets. e aim
of our study was to analyze the expression of DR4, DR5, and TRAIL in cervical cancer
and to determine their predictive and prognostic value.
Methods and materials: Tissue microarrays were constructed from tumors of 645 cer-
vical cancer patients treated with surgery and/or (chemo)radiation between 1980 and
2004. DR4, DR5, and TRAIL expression in the tumor was studied by immunohisto-
chemistry and correlated to clinicopathological variables, response to radiotherapy, and
disease-speci c survival.
Results: Cytoplasmatic DR4, DR5, and TRAIL immunostaining were observed in cer-
vical tumors from 99%, 88%, and 81% of the patients, respectively. In patients treated
primarily with radiotherapy, TRAIL-positive tumors less frequently obtained a patho-
logical complete response than TRAIL-negative tumors (66.3% vs. 79.0%; in multi-
variate analysis: odds ratio=2.09; P≤0.05). DR4, DR5, and TRAIL expression were
not prognostic for disease-speci c survival.
Conclusions: Immunostaining for DR4, DR5, and TRAIL is frequently observed in
the cytoplasm of tumor cells in cervical cancer patients. Absence of TRAIL expression
was associated with a higher pathological complete response rate to radiotherapy. DR4,
DR5, or TRAIL were not prognostic for disease-speci c survival.
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Introduction

Cervical cancer is a major health problem, especially in non-industrialized countries.
Although prevention and early detection are the most important factors in the ght
against cervical cancer, improvement of current treatment is still needed. e choice of
treatment depends on the stage of the tumor. For the smaller tumors con ned to the
cervix (stage Ia2 and Ib1), the treatment of choice is surgery or radiotherapy with excel-
lent 5 years survival rates (85%-95%) (1). Treatment of locally advanced cervical cancer
(stage Ib2-IVa) consists of radiotherapy in combination with cisplatin-based chemothe-
rapy. Despite improvement in survival of cervical cancer, patients treated with chemo-
radiation the 5-year overall survival is still approximately 52%, and treatment may be
accompanied by substantial morbidity (2,3). Further improvement in survival by inten-
si cation of the standard treatment is limited by intrinsic and acquired tumor resistance
to radiotherapy and/or chemotherapy and may increase short- and long-term side ef-
fects. erefore, new alternatives are needed that can improve the antitumor effect with
acceptable or no increase of toxic side effects. Tumor resistance to (chemo)radiation is
commonly caused by a loss of the ability of tumor cells to go into apoptosis. Modu-
lation of speci c molecular pathways leading to increased cell death could potentially
widen the therapeutic window (4). e extrinsic apoptotic pathway is initiated by acti-
vation of death receptors (DRs) expressed on the cell membrane. Several human DRs
have been identi ed that belong to the tumor necrosis factor (TNF) receptor super
family (5,6). Apoptosis is triggered by the binding of speci c TNF super family lig-
ands, such as tumor necrosis factor-related apoptosis inducing ligand (TRAIL), to their
cognate receptors DR4 and DR5, respectively. DR activation results in the formation
of an intracellular death-inducing signaling complex composed of trimerized receptor
molecules, recruited Fas-associated death domain molecules and procaspase 8 molecules
(5,6). After assembly of the death-inducing signaling complex, a caspase-8 initiated in-
tracellular apoptotic cascade is activated, leading to cleavage of several substrates in the
cytoplasm and nucleus and completion of the apoptotic program (5,6).

Preclinical work from our own group indicates that the combination of targeting
the TRAIL pathway by exposure to agonistic DR4 and DR5 antibodies or recombi-
nant human (rh)TRAIL and irradiation works synergistically in cervical cancer cells
(7). Moreover, in early clinical trials, these drugs also can be safely administered even
when combined with chemotherapy (8,9). We previously reported in a small series (25
patients) that cervical tumors frequently stain positive for DR4, DR5, and TRAIL (10).
However, their role in relation to clinical outcome in cervical cancer is still unknown.
Previous work by our group showed that DR4, DR5, and TRAIL staining in normal
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cervical tissue was associated with undifferentiated cells in the basal and parabasal layer,
whereas in cervical cancer, the staining was more homogeneous (10). TRAIL expres-
sion has been found in a wide range of normal tissues but is able to induce apoptosis
only in transformed and malignant cells (11,12). erefore, we concentrated on tumor
specimens in this study.

We analyzed, the presence of DR4, DR5, and TRAIL in tumors of a large co-
hort of cervical cancer patients with stage Ia2-IVa disease treated with surgery and or
(chemo)radiation. We combined classical clinical histopathological characteristics and
immunostaining for TRAIL and its pro-apoptotic receptors to identify possible rela-
tions to each other and to treatment outcome. We also investigated DR4, DR5, and
TRAIL expression in relation to response for patients treated with radiotherapy with or
without chemotherapy.

Materials and methods

Patients

Clinicopathological characteristics of all cervical cancer patients referred to the De-
partment of Gynecological Oncology of the University Medical Center Groningen are
prospectively stored in a database since 1980. All staging and surgical procedures were
performed at the University Medical Center Groningen. For the present cohort study,
all patients diagnosed with nonmetastatic invasive cervical cancer who were treated be-
tween January 1980 and December 2004 were identi ed. Eligibility was based on di-
agnosis of invasive cervical cancer stage Ia2-IVa treated with a Wertheim-Meigs opera-
tion or with radiotherapy plus or minus chemotherapy. We considered surgery as pri-
mary treatment in those patients in whom a Wertheim-Meigs operation was performed
whether or not this was followed by radiation or chemoradiation. Primary radiotherapy
was de ned as radiotherapy or chemoradiation as the rst treatment modality despite
an additive surgical procedure. e clinicopathological and follow-up data were ob-
tained during standard treatment and follow-up of the patients. For the present study,
all relevant data were retrieved from our database into a separate anonymous database.
e identity of the patients was protected by study-speci c, patient codes. In case of
uncertainties with respect to clinicopathological and follow-up data, the larger database
could only be checked through the department’s data managers. Follow-up data was
collected up to November 2007.
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Staging and treatment

Bimanual examination under general anesthesia was performed for clinical staging, in
accordance with the Fédération Internationale de Gynécologie Obstétrique (FIGO)
guidelines. Patients were treated according to the time period prevailing protocol,
mainly based on FIGO staging. In general, this was a Wertheim-Meigs operation for
stage Ib/IIa cervical cancer patients followed by external beam radiotherapy (EBRT) up
to 45 Gray (Gy) in case of lymph node metastases, parametrial invasion, or positive
resection margins. For the higher stage patients, primary treatment was either radiation
(EBRT up to 45 Gy and low-dose-rate brachytherapy, two applications of 17.5 Gy) or
chemoradiation.

EBRT was delivered by a linear accelerator. A box technique was used comprising
an anterior, a posterior, and two lateral elds. e superior eld border was the upper
border of the fourth lumbar vertebra; the lowest eld border was the lower margin of
the obturator foramen (or in stage IIIa, the distal vagina). e lateral margin of the
anterior-posterior eld was 2 cm lateral from the transverse diameter of the pelvic brim.
e ventral border of the lateral elds is the upper margin of the symphysis and the
dorsal margin the front of the os coccyx. All elds were given daily, 5 days a week. e
dose was 1.8 Gy given to the center and planned on a contour outline of the patient.
Low dose rate (¹³⁷Cesium) brachytherapy was applied with a standard applicator with
a dose of 17.5 Gy to point A (reference location 2 cm lateral and 2 cm superior to
the cervical os). If brachytherapy was impossible or inappropriate in cases of tumor
extension into the parametria or lymph nodes, patients received an additional external
boost of 25.2 Gy to a total dose of 70.2 Gy.

Concurrent chemotherapy before 1999 consisted of three 4-weekly cycles of carbo-
platin 300 mg/m² Day 1 and uorouracil (5-FU) 600 mg/m² Days 2-5 intravenously
(IV). After 1999, chemotherapy consisted of cisplatin 40 mg/m² IV once weekly for 6
weeks concomitant with external pelvic and intracavitary radiation.

In the period up to 1993, following irradiation all patients, if technically operable
and in the absence of extra-uterine disease, underwent an additive hysterectomy, whereas
in the period thereafter, only comparable patients with residual tumor identi ed by
routine biopsy 6-10 weeks after completion of irradiation were operated.

Pathological response evaluation after primary radiotherapy

Pathological response to primary radiotherapy was evaluated in the hysterectomy ma-
terial in the time period prior to 1994 and, in the period thereafter, through biopsy
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6-10 weeks after completion of irradiation. Pathological complete response was de ned
as absence of tumor cells in postirradiation tissue. Chemotherapy was included in the
response analysis as an independent factor.

Tissue microarray (TMA)

From the patients meeting the inclusion criteria, we collected the paraffin-embedded
tumor material and the hematoxylin-eosin (H&E)-stained slides obtained at diagnos-
tic procedure or the specimens from patients at primary surgery. On the H&E-stained
slides, representative tumor areas were marked avoiding areas of necrosis or severe leuko-
cyte in ltration. From the corresponding paraffin blocks, three cores of 0.6 mm diam-
eter were taken and placed in prede ned array locations in a recipient blank paraffin
block, using a precision instrument (Beecher Instruments, Silver Spring, MD). Eleven
arrays were constructed, each containing three cores per tumor. Each array also con-
tained internal control tissue such as normal cervix, skin epithelium, colon polyps, breast
cancer, colon cancer, ovarian cancer, and several cervical cancer specimens.

Immunohistochemistry

Staining procedures for DR4, DR5, and TRAIL were performed as described previ-
ously (10,13). Brie y, sections (4 µm) were deparaffinized in xylene and endogenous
peroxidase was blocked by incubation in 0.3% hydrogen peroxide for 30 min. Only
DR5 needed antigen retrieval by 15-min microwave treatment in 10 mM citric acid,
pH 6.0 at 95-100 C. All primary antibodies were diluted in phosphate buffered saline
(PBS) containing 1% bovine serum albumin (BSA) and 1% AB serum and added to
the deparaffinized tumor material for 1 h at room temperature. Primary antibodies and
dilutions were for DR4 goat anti-DR4 polyclonal antibody (1:50, clone C-20, Santa
Cruz Biotechnology, Santa Cruz, CA), for DR5 rabbit anti-DR5 polyclonal antibody
(1:100, Oncogene Research, Cambridge, MA) and for TRAIL goat anti-TRAIL poly-
clonal antibody (1:25, clone K18, Santa Cruz Biotechnology). 3,30-Diaminobenzidine
(DAB) was used as chromogen, and the slides were counterstained in hematoxylin. For
the negative controls, the primary antibody was replaced by normal goat IgG (DR4 and
TRAIL) or normal rabbit IgG (DR5).

Analysis of immunohistochemical staining

For DR4, DR5, and TRAIL staining, intensity was semiquantitatively scored: no stain-
ing (0), weakly positive (1), positive (2), or intense (3). For statistical analysis, all cases
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were initially studied separately and then dichotomized. Samples with scores 0 and 1
were regarded as negative and samples with score 2 and 3 as positive. Because of the rela-
tively high amount of patients with no staining for TRAIL, we also divided the group in
negative (0) and positive (1-3). (When referring to this classi cation this will be clearly
stated in the results.) e cellular localization (nuclear, membranous, or cytoplasmatic)
and patterns of staining (homogenous or heterogeneous) were also recorded. Two in-
dependent observers (KAH, JHM) scored the TMAs, and a concordance of more than
95% was found. e discordant cases were reviewed, and scores were reassigned on
consensus of opinion. Patients were only included in the analysis in cases of minimally
two representative tissue cores on the TMA.

Statistical analysis

Statistical analysis was performed with SPSS 14.0 for Windows (SPSS, Chicago, IL). A
P value of≤0.05 was considered statistically signi cant. e population was analyzed as
a whole, and the group treated primarily with radiotherapy was analyzed separately. As-
sociations between positive protein expression (DR4, DR5, and TRAIL, respectively; as
dependent factor) and clinicopathological characteristics (age, stage, histology, tumor
differentiation, lymphovascular invasion, and tumor volume; as independent factors)
were calculated using logistic regression analyses. For the clinicopathologic analysis,
the following covariates were used: age (continuous variable), FIGO stage (≥IIb vs.
<IIb), histology (adenocarcinoma vs. squamous cell carcinoma), tumor differentiation
(poor vs good and moderate), lymphovascular invasion (present vs. absent), and tumor
volume (≥4 cm vs. <4 cm). Variables that were signi cant (P≤0.1) in univariate anal-
ysis were included in multivariate analysis in a stepwise manner. To determine factors
predicting for response to radiotherapy, presence of pathological complete response to
radiotherapy (as dependent factor) was evaluated in relation to clinicopathologic factors,
protein staining, and the use of chemotherapy (as independent factors) with logistic re-
gression analysis. Disease-speci c survival (DSS) was de ned as time period from date
of diagnosis up to time point of death due to cervical cancer or last documented contact
being alive. DSS was calculated for the whole population as well as for all patients in
the primary radiotherapy subgroup. Differences in DSS according to clinicopathologic
characteristics and to expression of DR4, DR5, and TRAIL were analyzed using the
Cox regression analysis. Variables with a P value ≤0.1 in the univariate analyses were
included in the multivariate analyses. Elimination of variables in a stepwise manner
identi ed the statistically signi cant predictors on DSS by using a multivariate analysis.
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Table 1 – Patient characteristics

Variables Surgery (Chemo*)RT† Total
n % n % n %

Patients 313 49% 332 51% 645 100%
Age at diagnosis (years)
Median 43.0 54.1 47.7
Range 17.5 – 86.2 20.6 – 92.0 17.5 – 92.0
Follow-up (months)
Median 64.9 45.9 55.7
Range 3.7 – 223.2 1.5 – 219.7 1.5 – 223.2
FIGO stage
Ia2 1 0% 0 0% 1 0%
Ib1 198 63% 38 11% 236 37%
Ib2 63 20% 19 6% 82 13%
IIa 50 16% 46 14% 96 15%
IIb 1 0% 161 48% 162 25%
IIIa 0 0% 7 2% 7 1%
IIIb 0 0% 47 14% 47 7%
IVa 0 0% 14 4% 14 2%
Histology
Squamous 220 70% 282 85% 502 78%
Adenocarcinoma 85 27% 46 14% 131 20%
Other 8 3% 4 1% 12 2%
Treatment
Post operative RT† 103 34%
Post operative chemo* RT† 18 6%
Chemo* 151 45%

*Chemotherapy
†Radiotherapy

Results

Patient’s characteristics

In total, we identi ed 765 patients, in 645 of whom sufficient tumor material was avail-
able to construct the TMA.

Clinicopathological data of the 645 patients with sufficient tumor material is sum-
marized in Table 1. e median follow-up time was 55.7 months, and the median
age at diagnosis 51.3 years. Primary treatment consisted of surgery in 313 patients
(49%) and radiotherapy in 332 patients (51%). e baseline characteristics of the 120
patients in whom tumor material was missing differed from the study population re-
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garding treatment modality primary radiotherapy (P<0.001) and FIGO staging (higher
stage; P<0.001). is imbalance is accounted for by the fact that there was more tissue
available from operated patients with lower tumor stage than from patients with only a
biopsy taken before start of radiotherapy.

Immunohistochemical staining for DR4, DR5, and TRAIL

e results of the immunostainings are shown in Table 2. e number of patients with
less than two representative tissue cores was 5.3% for DR4, 5.1% for DR5, and 4.7% for
TRAIL. All three protein stainings were cytoplasmatic with no apparent membranous
staining (Fig. 1). DR4 and DR5 were at least weak positive in 87.9% and 98.9% of the
cases; for TRAIL, this was found in 79.8% of the cases. e expression of all the three
proteins correlated with each other apart from TRAIL (negative [score 0] vs. positive
[score 1-3]) and DR5 (negative [score 0-1] vs. positive [score 1-3]).

DR4, DR5, and TRAIL protein staining in relation to clinicopatho-
logic characteristics

Table 3 shows the odds ratio (OR)s for the different immunostaining parameters in
relation to known clinicopathologic characteristics in a uni- and multivariate logistic
regression analysis. DR4 positive staining was associated with low tumor stage (<IIb)
and presence of adenocarcinoma. DR5 positive staining was related to high tumor
stage (≥IIb) and to the presence of adenocarcinoma. No association was found between
TRAIL expression and clinicopathologic characteristics.

Table 2 – Staining distribution

Tumor expression DR*4 DR*5 TRAIL†
n % n % n %

Negative 74 11% 7 1% 124 19%
Weak positive 166 26% 158 25% 223 34%
Positive 358 56% 439 68% 264 41%
Strong positive 13 2% 8 1% 4 1%
Missing cores 34 5% 33 5% 30 5%
Total 645 645 645

*Death receptor
†Tumor necrosis factor-Related Apoptosis Inducing Ligand
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Figure 1 – Immunohistochemical staining for DR4, DR5, and TRAIL
in a tissue microarray with tumors from cervical cancer patients.
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Table 3 – Association between DR4 (A), DR5 (B) and TRAIL (C) staining in
relation to clinicopathologic characteristics

A) DR4 positive Univariate Multivariate
n=645 OR * (95%CI)† OR * (95%CI)†
Age 0.98 (0.97 – 0.99)‡ 0.99 (0.98 – 1.00)§
Stage ≥IIb 0.52 (0.37 – 0.73)‡ 0.60 (0.41 – 0.84)§
Adenocarcinoma 2.76 (1.74 – 4.39)‡ 2.48 (1.55 – 3.97)§
Poor differentiation 0.76 (0.45 – 1.29) ¶
Lymphovascular invasion 1.34 (0.93 – 1.92) ¶
Tumor volume ≥4 cm 0.59 (0.42 – 0.82)‡ ¶

B) DR5 positive Univariate Multivariate
n=645 OR * (95%CI)† OR * (95%CI)†
Age 1.01 (1.00 – 1.02)‡ ¶
Stage ≥IIb 3.23 (2.09 – 4.97)‡ 3.61 (2.16 – 6.02)§
Adenocarcinoma 1.73 (1.05 – 2.84)‡ 1.90 (1.13 – 3.18)§
Poor differentiation 0.92 (0.64 – 1.34) ¶
Lymphovascular invasion 0.51 (0.35 – 0.75)‡ 0.68 (0.45 – 1.02)
Tumor volume ≥4 cm 1.43 (0.99 – 1.43)‡ ¶

C) TRAIL positive Univariate Multivariate
n=645 OR * (95%CI)† OR * (95%CI)†
Age 1.00 (0.99 – 1.01) ¶
Stage ≥IIb 1.25 (0.90 – 1.74) ¶
Adenocarcinoma 0.91 (0.61 – 1.36) ¶
Poor differentiation 0.84 (0.60 – 1.18) ¶
Lymphovascular invasion 0.96 (0.68 – 1.35) ¶
Tumor volume ≥4 cm 1.05 (0.76 – 1.46) ¶

Staining for DR4, DR5 and TRAIL with scores 0 and 1 were
regarded to be negative and samples with score 2 and 3 were

regarded to be positive for DR4, DR5 and TRAIL

*Odds Ratio
†95% con dence interval
‡P value <0.1
§P value <0.05
¶Not included in multivariate analysis
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Table 4 – Response to radiotherapy or chemoradiation. Correlation between
absence of complete response and clinicopathologic factors.

n=243 Univariate Multivariate
OR * (95%CI)† OR * (95%CI)†

Age 0.99 (0.97 – 1.01) ¶
Stage ≥IIb 1.75 (0.95 – 3.25)‡ 2.03 (1.06 – 3.89)§
Chemotherapy 0.77 (0.44 – 1.34) ¶
Adenocarcinoma 2.28 (1.10 – 4.75)‡ 2.22 (1.05 – 4.70)§
Poor differentiation 0.69 (0.29 – 1.18) ¶
Lymphovascular invasion 1.06 (0.49 – 2.26) ¶
Tumor volume ≥4 cm 1.44 (0.75 – 2.78) ¶
DR4 expression positive 1.13 (0.65 – 1.98) ¶
DR5 expression positive 1.78 (0.73 – 4.30) ¶
TRAIL expression positive 1.13 (0.65 – 1.97) ¶
TRAIL expression• positive 1.91 (0.94 – 3.87)‡ 2.09 (1.01 – 4.33)§

*Odds Ratio
†95% con dence interval
‡P value <0.1
§P value <0.05
¶Not included in multivariate analysis
•Score 0 (negative) vs. 1-3 (positive)

Pathologic complete response to radiotherapy in relation toDR4,DR5,
and TRAIL protein staining

To relate expression of DR4, DR5, and TRAIL and clinicopathologic characteristics to
pathologic complete response to radiotherapy a uni- and multivariate logistic regression
analysis was performed on 243 patients in whom either a routine hysterectomy was
performed (until 1996) or in whom routine posttreatment biopsies were taken (after
1996; Table 4). e patient group eligible for posttreatment response evaluation was
younger (median, 50.4 years) than the group with no posttreatment evaluation (me-
dian, 67.8 years; P<0.001). For all other clinicopathologic characteristics, there was no
difference between the patients with or without posttreatment evaluation, suggesting
patients operability as the most important reason for not performing a posttreatment
biopsy. Patients not t for additive surgery were not evaluated with a posttreatment
biopsy. In multivariate analysis, the absence of a pathological complete response in this
group of 243 patients was related to positive staining for TRAIL (score 1-3), presence
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Table 5 – Disease-speci c survival

A) Whole population Univariate Multivariate
n=645 HR * (95%CI)† HR * (95%CI)†
Age 1.02 (1.01 – 1.02)‡ 1.01 (1.00 – 1.02)§
Stage ≥IIb 3.20 (2.41 – 4.25)‡ 2.30 (1.65 – 3.20)§
Adenocarcinoma 1.13 (0.80 – 1.59) ¶
Poor differentiation 1.26 (0.94 – 1.67) ¶
Lymphovascular invasion 0.96 (0.70 – 1.31) ¶
Tumor volume ≥4 cm 3.01 (2.20 – 4.12)‡ 2.01 (1.41 – 2.86)§
DR4 expression positive 0.93 (0.69 – 1.23) ¶
DR5 expression positive 1.69 (1.18 – 2.41)‡ ¶
TRAIL expression positive 1.11 (0.83 – 1.47) ¶
TRAIL expression• positive 0.98 (0.69 – 1.38) ¶

B) Primary radiotherapy group Univariate Multivariate
n=332 HR * (95%CI)† HR * (95%CI)†
Age 1.00 (0.99 – 1.01) ¶
Stage ≥IIb 2.46 (1.60 – 3.79)‡ 1.82 (1.14 – 2.89)§
Adenocarcinoma 1.43 (0.93 – 2.20) ¶
Poor differentiation 1.21 (0.70 – 2.08) ¶
Lymphovascular invasion 1.14 (0.73 – 1.78) ¶
Tumor volume ≥4 cm 2.16 (1.40 – 3.34)‡ 1.66 (1.05 – 2.62)§
DR4 expression positive 1.13 (0.81 – 1.57) ¶
DR5 expression positive 1.21 (0.75 – 1.94) ¶
TRAIL expression positive 0.99 (0.71 – 1.38) ¶
TRAIL expression• positive 1.15 (0.77 – 1.71) ¶
Residual tumor 5.05 (3.62 – 7.04)‡ 4.50 (3.17 – 6.38)§
Chemotherapy 0.70 (0.50 – 0.97)‡ 0.62 (0.43 – 0.87)§

*Hazard Ratio
†95% con dence interval
‡P value <0.1
§P value <0.05
¶Not included in multivariate analysis
•Score 0 (negative) vs. 1-3 (positive)

of adenocarcinoma and patients with FIGO stage ≥IIb, ORs were, respectively, 2.09,
2.22, and 2.03 (all P values ≤0.05). Pathologic complete response rates were 66.3% vs.
79% for TRAIL positive vs. negative tumors, 54.3% vs. 73% for adenocarcinomas vs.
squamous cell carcinomas, and 66.3% vs. 77.5% for FIGO stage ≥IIb vs. FIGO stage
<IIb. Pathologic complete response to radiotherapy was not related to the concomitant
use of chemotherapy. Results are shown in Table 4.
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Disease-speci c survival in relation to DR4, DR5, and TRAIL expres-
sion

In univariate Cox regression analysis, DR5 positive staining was associated with a worse
DSS. In multivariate analysis for the whole group, age, high tumor stage, and tumor
volume ≥4 cm correlated with a worse outcome. None of the immunostaining para-
meters (DR4, DR5, or TRAIL) correlated with disease outcome in multivariate analysis.
e hazard rates (HRs) and con dence intervals (CIs) are reported in Table 5A. In the
analyses of the primarily operated patients, the presence of positive pelvic lymph nodes
(HR=4.99; 95%CI=2.84 – 8.76) and tumor volume (HR=1.83; 95%CI=1.07 – 3.13)
were highly signi cant unfavorable prognostic factors.

In the primary radiotherapy group (n=332), a worse DSS was related to high tumor
stage (HR=1.82; 95%CI=1.14 – 2.89), larger tumor volume (HR=1.66; 95%CI=1.05 –
2.62), and persisting tumor after treatment (HR=4.50; 95%CI=3.17 – 6.38). Although
no effect on pathologic complete response chemotherapy contributed to a better DSS
(HR=0.62; 95%CI=0.43 – 0.87) in multivariate analysis (Table 5B).

Discussion

is study shows that DR4, DR5, and TRAIL were cytoplasmatically expressed in most
stage Ia2-IVa cervical tumors. Patients with a TRAIL-positive tumor had an absolute
12.6% lower chance to obtain a complete pathologic response after radiotherapy. Ab-
sence of a complete pathologic response to radiotherapy was also related to presence
of adenocarcinoma and higher FIGO stage. In multivariate analysis, DR4, DR5, and
TRAIL immunostaining were not associated with DSS.

In the population studied, we found that classic clinicopathologic characteristics
such as tumor stage (≥IIb) and tumor size (≥4 cm) were the most important para-
meters affecting prognosis. Lymph node involvement was not taken into account in the
analysis of the whole population because in most of the primarily irradiated patients,
the presence of lymph node involvement is not known. In the analyses of the primarily
operated patients, positive lymph nodes were associated with an unfavorable progno-
sis. ese ndings indicate the presence of a representative study population, and the
distribution of patient characteristics (see Table 1) also mimics normal distribution in
comparable cervical cancer populations from the Western world.

In our study, cytoplasmatic DR4, DR5, and TRAIL immunostaining were fre-
quently observed, which was also the case in two much smaller studies not addressing
the relation with DSS (10,14). e biologic meaning of cytoplasmatic DR4, DR5, and



97

D
eath

receptorsin
cervicalcancer

TRAIL is not known, while for their activity they should be present at the cell mem-
brane. Moreover, cytoplasmatic DR4 and DR5 do not exclude the presence of the DRs
on the cell surface. Studies in ovarian, colon, and lung cancers have also demonstrated
cytoplasmatic staining for DR4, DR5, and TRAIL (15-17). DR4, DR5, and TRAIL
expression has been associated, in various tumors, with different clinical outcome. In
patients with stage III colon cancer treated with surgery and adjuvant chemotherapy,
high cytoplasmatic DR4 expression at diagnosis was related to worse disease-speci c
and overall survival (17). In a large cohort of breast cancer patients (n=655) (18) and
in 95 non-small cell lung cancer patients (16), high DR5 expression was associated
with worse survival. In ovarian cancer, high TRAIL expression measured by real-time
polymerase chain reaction was related to a better overall survival (19). In melanoma
patients, DR4 and DR5 expression were not associated with clinical outcome (20). e
diversity in the prognostic value of the DRs and TRAIL in various tumor types may be
related to the various tumor types tested and the differences in treatment to which the
patients were exposed. e lack of prognostic signi cance as observed in our study does
not exclude functionality of the DRs. On the basis of preclinical data, it is likely that
following chemo- and/or radiotherapy, the DRs are upregulated at the cell membrane.
More speci cally, in our preclinical cervical cancer model, we showed by ow cytom-
etry an upregulation of DR4 and DR5 membrane expression after irradiation (7). It
might well be that during irradiation cytoplasmatic DR4 and DR5 are transferred to
the membrane surface, thereby presenting them as potential targets for DR4/5 targeted
drugs.

Historically, response rate to radiotherapy in cervical cancer has been measured in
different ways, such as clinical examination or by postirradiation biopsies or hysterec-
tomies, jeopardizing meaningful comparison of response rates between studies. e
uniqueness of this study lies in the fact that it analyzes response evaluation to radiother-
apy in relation to DR4, DR5, TRAIL and classic clinicopathologic parameters. Patho-
logic complete response as assessed in our study gives the earliest insight in the biology
of tumor in relation to irradiation. e importance of pathologic response measure-
ment as a predictive marker for prognosis after irradiation for cervical cancer has been
well established and was reviewed by Trott (21). A study in 556 cervical cancer patients
showed that clinical measurement of response divided in no gross residual tumor and
gross residual tumor also correlated well with clinical outcome (22). In our popula-
tion, the pathologic complete response rate was 70%. e cervical cancer patients with
tumors expressing TRAIL (75.7%) experienced less often a pathological complete re-
sponse than those expressing no TRAIL (66.3% vs. 78.9% OR in a multivariate analysis
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2.09, P value ≤0.05). TRAIL expression, however, did not correlate with DSS, which
in part may be caused by the fact that a proportion of patients with residual tumor after
radiotherapy were salvaged by surgery, which in our institution is the standard of care
for patients with resectable residual disease (23).

Not much is known about differences in radioresponsiveness between adenocarci-
noma and squamous cell carcinoma in cervical cancer patients. In our study, patients
with adenocarcinomas compared with squamous cell carcinomas obtained a pathologic
complete response to irradiation less frequently, which has also been observed in a
smaller FIGO stage Ib population (24). Despite the use of a different irradiation tech-
nique than ours, Rouzier et al. (25) also showed a near signi cant difference (P value
0.07) in complete pathologic response to radiotherapy between squamous cell carci-
nomas (62%) and adenocarcinomas (38%). It has been shown with measurements of
MIB-1 and PC10 antigens in cervical cancer paraffin sections that cervical adenocar-
cinomas have no change, whereas squamous cell carcinomas have a transient increase
in cycling cell population after 9 Gy of irradiation (26). e lower growth fraction in
adenocarcinomas may be one reason for the radiation resistance of these tumors. is
advantage in radioresponsiveness for squamous cell carcinomas did not translate into
better DSS. As mentioned earlier, patients with residual disease after (chemo)radiation
may be salvaged by surgery. Nijhuis et al. previously showed in a similar population
that 38% of the patients not having complete response after radiotherapy still achieve
long-term complete remission after salvage surgery (23).

We observed that high DR4 and DR5 expression have an opposite correlation with
FIGO stage. is nding suggests that depending on tumor stage, the DR route might
be targeted differently. Both high DR4 and DR5 cytoplasmatic expression correlated
positively with adenocarcinoma histology. e implication of this nding is not clear
and needs to be elucidated.

Preclinical data indicated that the cytotoxic effect of radiotherapy is enhanced by
rhTRAIL or its agonistic antibodies (7,27). Irradiation induced both DR4 and DR5
membrane expression, whereas the enhancement of the cytotoxic effect was especially
but not exclusively DR4 mediated (7). Moreover, in early clinical trials, rhTRAIL and its
agonistic antibodies have been safely administered, even combined with chemotherapy
(9,28,29). On the basis of the nding of our preclinical data (7), targeting DR4 in
combination with (chemo)radiation appears to be the most tentative treatment option
for a clinical trial. e signi cance of DR4, DR5, and TRAIL expression as predictive
factor for response should be prospectively investigated in a TRAIL route intervention
study. In cervical cancer patients, in contrast to most other tumor types, it is relatively
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easily to perform serial biopsies during and after treatment allowing investigation of
possible changes in expression of DR4, DR5, and TRAIL.
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