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Purpose: The local failure rate in patients with locoregionally advanced cervical cancer is 41–72% after radio-
therapy (RT) alone, whereas local control is a prerequisite for cure. The Dutch Deep Hyperthermia Trial showed
that combining RT with hyperthermia (HT) improved 3-year local control rates of 41–61%, as we reported earlier.
In this study, we evaluate long-term results of the Dutch Deep Hyperthermia Trial after 12 years of follow-up.
Methods and Materials: From 1990 to 1996, a total of 114 women with locoregionally advanced cervical carcinoma
were randomly assigned to RT or RT + HT. The RT was applied to a median total dose of 68 Gy. The HT was given
once weekly. The primary end point was local control. Secondary end points were overall survival and late toxicity.
Results: At the 12-year follow-up, local control remained better in the RT + HT group (37% vs. 56%; p = 0.01).
Survival was persistently better after 12 years: 20% (RT) and 37% (RT + HT; p = 0.03). World Health Organ-
ization (WHO) performance status was a significant prognostic factor for local control. The WHO performance
status, International Federation of Gynaecology and Obstetrics (FIGO) stage, and tumor diameter were significant
for survival. The benefit of HT remained significant after correction for these factors. European Organization for
Research and Treatment of Cancer Grade 3 or higher radiation-induced late toxicities were similar in both groups.
Conclusions: For locoregionally advanced cervical cancer, the addition of HT to RT resulted in long-term major
improvement in local control and survival without increasing late toxicity. This combined treatment should be
considered for patients who are unfit to receive chemotherapy. For other patients, the optimal treatment strategy
is the subject of ongoing research. � 2008 Elsevier Inc.
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INTRODUCTION

Radiotherapy (RT) is the mainstay in the management of pa-

tients with locoregionally advanced cervix carcinoma. After

RT alone, locoregional failure rates for the more advanced

stages ranged from 41–72% (1, 2). Local control is a prereq-

uisite for cure, and locoregional failure generally indicates

a fatal course of the disease. If locoregional tumor control

can be achieved definitively, the potential gain in survival

is estimated to be 50–60% (3, 4).

Several large trials showed an advantage of combining RT

with chemotherapy (CT) in terms of both improved local
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tumor control and better overall survival. Similar advantages

were found in trials that combined RT with hyperthermia

(HT) (5).

Hyperthermia, the artificial increase in tissue temperature

to 40�C – 44�C, is an effective cytotoxic agent, especially

in cells that are in a hypoxic nutrient-deprived low-pH envi-

ronment. These conditions are commonly found in malignant

tumors and make cells relatively resistant to RT (6). In addi-

tion to directly killing cells at temperatures of 40�C – 44�C,

HT also increases the cytotoxic effect of RT. Experimental

studies showed that it interfered with the cellular repair of
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radiation-induced DNA damage, thereby enhancing the cyto-

toxic effect of RT (7). Hyperthermia also increased blood

flow, which may improve tissue oxygenation and make cells

more sensitive to RT (8). Several randomized studies showed

an increase in response rate and tumor control in various

tumor sites when RT was combined with HT (9–12).

In 1990, the Dutch Deep Hyperthermia Trial (DDHT)

started investigating the effect of the addition of HT to stan-

dard RT in patients with locally advanced rectal, bladder, and

cervical cancer. The first results were published in 2000 (13,

14). A significant improvement in response rate and local

control was found with the addition of HT. Overall survival

also significantly improved after adjustment for prognostic

factors. For patients with primary or recurrent rectal cancer,

no improvement in local control or survival could be shown,

and for patients with bladder cancer, the initial gain in local

control disappeared during follow-up. Although there were

no significant interactions between treatment group and tu-

mor site for complete response, local control, and overall sur-

vival, the subgroup of patients with locally advanced cervical

cancer appeared to benefit most from the addition of HT.

However, at a median of 43 months, follow-up time was rel-

atively short. In this study, we report on long-term pelvic

control, overall survival, and toxic effects in patients with

locally advanced cervical cancer who were treated in the

DDHT.

METHODS AND MATERIALS

Patients
Patients were eligible for the trial if they required primary stan-

dard RT for cervical cancer International Federation of Gynaecol-

ogy and Obstetrics (FIGO) Stages IIB (with extension to the

lateral parametrium), IIIB (fixation to the pelvic wall or ureter ob-

struction causing hydronephrosis), or IVA (invasion of the bladder

or rectum). In all patients, diagnosis was confirmed by means of

histopathologic examination. Patients needed to be in reasonable

general condition, defined as World Health Organization (WHO)

performance status less than 2 and expected survival exceeding

6 months. Patients with a pacemaker or metal implant in the pelvic

region larger than 10 cm were excluded because these are absolute

contraindications for HT.

The study was approved by the local medical ethics committees

of all participating hospitals.

Following informed consent, patients were randomly assigned to

receive standard RT or standard RT plus HT.

Radiotherapy
External beam RT was given in 23–28 fractions of 2.0–1.8 Gy to

a total dose of 46.0–50.4 Gy (mean external beam dose, 48.3 � 5.9

[SD] Gy) using a four-field box technique with 6–10-MV photons.

In the Daniel den Hoed Cancer Center, para-aortal lymph nodes

were routinely included in the external RT field. In the other insti-

tutes, the para-aortal region was included only if there were metas-

tases in the common iliac or para-aortal lymph nodes. Fifty-two

women (46%) underwent para-aortal irradiation, 27 (48%) in the

RT group and 25 (43%) in the RT + HT group. In patients with in-

guinal lymph node metastases, the inguinal regions were included.

In the Rotterdam area, high-dose-rate brachytherapy was given to

50 women (70%) to either a total dose of 17 Gy applied in two frac-
tions of 8.5 Gy or to 18 Gy in three fractions of 6.0 Gy to point A. In

the Amsterdam area, 36 women (84%) received a single brachyther-

apy application of 20–30 Gy at 1-Gy/h medium dose rate to achieve

a total dose of 70 Gy to point A. At randomization, stratification

was by radiation institute; therefore, brachytherapy schedules

were equally distributed over both arms of the study.

An additional external beam sidewall boost was given to 34 pa-

tients with residual tumor in the parametrium at the time of the first

brachytherapy application. These patients received three to seven

boost fractions of 1.8–2 Gy, up to a total pelvic side-wall dose of

60 Gy by using two small opposed 6–10-MV photon fields. Of

these, 14 patients were randomly assigned to the RT group, and

20 to the RT + HT group. Patients with involved lymph nodes

received a similar boost to a total dose of 60 Gy.

Dose specifications and target-volume definition were according

to the International Commission on Radiation Units and Measure-

ments report 50. Median overall treatment times were 48 days in

the RT + HT group (range, 35–116 days) and 50 days in the RT

group (range, 35–121 days).

Hyperthermia
Deep locoregional HT was prescribed once weekly to a total of

five times during the 5 weeks of external beam RT.

Of 90 minutes’ treatment time, a maximum of 30 minutes was

used for warming up to intratumor temperatures greater than

42�C. In the next 60 minutes, intrapelvic temperatures were kept

as high and homogeneous as patient tolerance permitted. Patients

were carefully instructed to mention any uncomfortable feelings

that could be suggestive of hot spots during treatment. If symptoms

occurred, treatment settings such as phase, amplitude, frequency,

and power were adjusted accordingly.

For thermometry in Rotterdam, Bowman probes were placed in

the bladder, rectum, and vagina. Thermal mapping was performed

every 5 minutes with a step size of 1 cm and a maximum map length

of 14 cm. Pulse rate and blood pressure were measured automati-

cally before and every 5 minutes during treatment, and oral temper-

ature was measured at 0, 15, 30, 60, and 90 minutes. In the two other

centers, multisensor thermocouple probes were read out during the

power-off pulse of the heating system.

Patients were recruited by 11 RT institutes in The Netherlands.

Radiotherapy was given in the recruiting institute, and for their

weekly HT treatment, patients were referred to one of three institutes

with HT facilities. In the Daniel den Hoed Cancer Center, the BSD-

2000 system was used (BSD Medical Corp., Salt Lake City, UT). In

the other centers, custom-built systems were used: a four-waveguide

applicator system was used in the Academic Medical Center Am-

sterdam, and a Coaxial TEM applicator was used in University Med-

ical Center Utrecht. For the three systems, the energy distribution in

a human pelvic-size phantom is the same (15).

Study design
Primary end points of the trial were complete response and pelvic

tumor control. Follow-up visits were scheduled 1 month after treat-

ment, once every 3 months during the first 2 years, and every 4–6

months thereafter. After the first 2 years, follow-up visits were

planned in accordance with the Association of Cancer Centers

Guidelines. Generally, patients visited a gynecologic oncologist

and a radiation oncologist alternately.

A complete response was defined as disappearance of all tumor

in the irradiated volume, established 3 months after treatment. Re-

sponse was assessed by using anamnestic information, physical
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examination, and, if indicated, supplemental examinations. Patients

who did not show a complete response were considered local fail-

ures at Day 0.

Duration of pelvic tumor control was defined as either the time

between the date of randomization and date of local progression

within the irradiated volume or death from toxicity.

Secondary end points were overall survival and toxic effects from

RT or HT. Overall survival was defined as the time between ran-

domization and death or last follow-up. Late toxicity (effects occur-

ring $3 months after the last RT) was scored using the radiation

morbidity scoring criteria of the Radiation Therapy Oncology

Group and European Organization for Research and Treatment of

Cancer (RTOG/EORTC) (16).

Data acquisition
Follow-up visits were usually planned in the institutes where RT

was administered. Information for pelvic tumor control, overall sur-

vival, and late toxicity was collected from correspondence and hos-

pital charts from radiation oncologists, gynecologic oncologists, and

patients’ general practitioners. If no further medical information

could be gathered, the population registry was consulted. Informa-

tion was gathered by the first author and reviewed by one other au-

thor (J.v.d.Z.). Only late toxicities Grade 3 or higher were reported

here to prevent bias caused by underreporting of Grades 1 and 2

toxicities in the medical charts.

Statistical analysis
Analysis was done by intention to treat. Overall survival and pel-

vic tumor control were described by using Kaplan-Meier curves.

Cox regression analysis was used to analyze differences in pelvic

tumor control, overall survival, and late toxicity between treatment

groups. Differences with p < 0.05 were considered significant. Prog-

nostic factors that were significant in univariate analysis were en-

tered into multivariate analysis. In univariate analysis, FIGO

stage, WHO performance status, age, hemoglobin level, maximum

tumor diameter, histologic type, and tumor grade were entered. Be-

cause lymph node status was unknown for nearly 60% of patients,

this factor was not entered. For analysis, the Statistical Package

for Social Sciences was used (version 9.0; SPSS Inc., Chicago,

IL). This analysis represents an updated subgroup analysis of

patients with cervical cancer (13).

RESULTS

Response rate, acute toxicity, and 3-year pelvic tumor con-

trol and overall survival rates were reported previously (13,

14). The most important information is summarized here

and extended with new data.

From 1990 to 1996, 114 patients with locally advanced

cervical cancer were randomized. Characteristics of patients

and tumors are listed in Table 1. Nodal status was assessed in

50 of 114 patients by means of a computed tomographic (CT)

scan done for RT purposes. Eighty percent of patients had

FIGO Stage IIIB or IVA tumor, 70% had positive pelvic

lymph nodes on computed tomographic scan, and tumor di-

ameter was 6 cm or larger in 77%. The distribution of prog-

nostic factors was balanced equally over the two treatment

groups. Median follow-up for survivors was 11 years.
Pelvic tumor control
Eighty-three percent of patients in the RT + HT group (48 of

58 patients) achieved a complete response, and 57% (32 of 56

patients), in the RT group (p = 0.03). At follow-up, the differ-

ence in pelvic tumor control was sustained with 5-year pelvic

tumor control rates of 61% in the RT + HT group and 37% in

the RT group. At 12 years, the pelvic tumor control rate was

56% in the RT + HT group and remained at 37% in the RT

group. This difference was significant (p = 0.01; Fig. 1).

In univariate analysis, pelvic tumor control was associated

with WHO performance status (p = 0.04). In multivariate

analysis, treatment arm remained an independent prognostic

variable with significant better pelvic tumor control in the RT

+ HT arm (p = 0.02; hazard ratio [HR], 0.53; 95% confidence

interval, 0.31–0.92).

Overall survival
Overall survival rates at the 12-year follow-up were 37%

in the RT + HT group and 20% in the RT group (p = 0.03;

Table 1. Patient characteristics and prognostic factors

Radiotherapy +
hyperthermia Radiotherapy

No. of patients 58 56
Age (y)

Median 51 50
Range 26–75 30–82

WHO performance
0 45 39
1 13 17

Hemoglobin (mmol/L)
<7 16 14
>7 37 38

Unknown 5 4
FIGO stage

IIB lateral 11 11
IIIA 1
IIIB 40 40
IVA 7 4

Nodal status on CT scan
N0 9 6
N1 16 19
Nx 33 31

Histologic type
Squamous cell carcinoma 51 46
Adenocarcinoma 4 7
Other 3 3

Differentiation
Well 4 4
Moderate 21 29
Poor 23 15
Undifferentiated 1 —
Unknown 9 8

Maximum tumor diameter (mm)
<60 13 12
60–80 26 27
>80 19 13
Unknown — 4

Abbreviations: WHO = World Health Organization; FIGO =
International Federation of Gynecology and Obstetrics; CT =
computed tomography.
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Fig. 2). Median overall survival was 2.64 years in the RT +

HT group and 1.78 years in the RT group. In univariate anal-

ysis, survival was associated with WHO performance status

(p = 0.006), FIGO stage (p = 0.04), and maximum tumor

diameter (p = 0.004). In multivariate analysis, treatment

arm remained an independent prognostic factor with a signif-

icant advantage in overall survival after RT + HT (p = 0.03;

HR, 0.60; 95% confidence interval, 0.38–0.95).

Sites of failure
After a complete response, 25% of patients in the RT +

HT group (12 of 48 patients) and 31% of patients in the RT

group (10 of 32 patients) developed pelvic recurrence dur-

ing follow-up. Of patients with continuing pelvic tumor

control, 31% in the RT + HT group (11 of 36 patients) de-

veloped distant metastasis compared with 32% in the RT

group (7 of 22 patients). This difference was not significant

(p = 0.92).

Fig. 1. Pelvic tumor control. RT = radiotherapy; HT = hyperther-
mia.

Fig. 2. Overall survival. Abbreviations as in Fig. 1.
Late toxicity
Figure 3 shows the cumulative incidence of EORTC Grades

3–5 radiation-induced toxicities in both groups of patients.

The difference in incidence was not statistically significant

(p = 0.281). Two patients (1 in each group) died of late toxic

effects. One patient died of a perforation of the small intestine.

She developed an untreated ileus caused by stenosis of the

rectosigmoid. The other patient died postoperatively after

resection of an ischemic part of the small intestine.

DISCUSSION

Long-term follow-up in the DDHT showed sustained im-

provement in local control and overall survival after 12 years

by combining RT and HT. Hyperthermia did not significantly

add to radiation-induced toxicity compared with RT alone.

The DDHT was the first randomized trial that showed a

survival advantage of RT with HT in women with locore-

gionally advanced cervical carcinoma. This advantage was

similar to studies that combined RT with CT (5). The

DDHT was criticized for the poor overall outcome compared

with the literature, the relatively low median dose of 68 Gy

administered, and the large variation in radiation dose. The

poor outcome in the RT-alone arm can be explained by

poor prognostic factors of the patients included in this study.

Their median age was relatively young (50 years), their tu-

mors were large (in 77%, maximum tumor diameter was at

least 6 cm), a large proportion of patients who underwent

CT scan showed pathologically enlarged lymph nodes, and

patients with FIGO Stage IIB tumor all had tumor extension

close to the pelvic sidewall. Younger age, larger tumor, pos-

itive lymph nodes, and extension to the pelvic sidewall were

all associated with poorer outcome in several studies (2, 17).

The impact of tumor size was shown by Kapp et al. (18), who

reported 40% pelvic tumor control at 3 years of follow-up in

a subgroup of patients with tumors larger than 6 cm, similar

to the pelvic-control rate in the control arm of this study.

Fig. 3. Late toxicity. Abbreviations as in Fig. 1. EORTC = Euro-
pean Organization for Research and Treatment of Cancer.
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Table 2. Cisplatin and radiotherapy studies

Author
(year) n

FIGO
Stage > II PAO +

Control
arm

Experimental
arm

CDDP
schedule

Median
OTT FU (mts)

Keys et al. (20)
(1999)

369 0% No RT + surgery RT + CDDP +
surgery

40 mg/m2 once/wk 50 36

Morris et al. (21)
(1999)

368 30% No RT* RT* + CDDP +
5-FU

75 mg/m2 once/3 wk 58 43

Rose et al. (22)
(1999)

353 47% No RT + HU RT + CDDP RT +
CDDP + HU

40 mg/m2 once/wk �63 35

Whitney et al. (23)
(1999)

368 36% No RT + HU RT + CDDP + 5-FU 50 mg/m2 twice
during RT

64 104

Pearcey (26) (2002) 253 32% No RT RT + CDDP 40 mg/m2 once/wk 49 and 51 82
Peters et al. (24)

(2000)
243 0% No RT RT + CDDP + 5-FU 70 mg/m2 once/3 wk 41 and 43 42

Abbreviations: FIGO = International Federation of Gynaecology and Obstetrics; PAO + = positive para-aortal lymph nodes; CDDP =
cisplatin; OTT = overall treatment time (days); 5-FU = 5-fluorouracil; RT = radiotherapy; HU = hydroxyurea; mts = months; FU = duration
of follow up (months).

* Patients in the control arm received RT to the pelvic and para-aortic region, and patients in the experimental arm received RT only to the
pelvic region.
The planned RT included 46–50.4 Gy of external beam

irradiation combined with brachytherapy in either two to

three high-dose-rate applications of 17–18 Gy or one low-

dose-rate application of 30 Gy, which is considered adequate.

The variation in radiation dose was explained in part because

different brachytherapy techniques were used, depending on

availability in the referring institute. For reasons explained in

the original report, a relatively large number of patients

(23%) did not complete RT as planned (13). Analysis was

done by intention to treat; subgroup analysis of patients

who completed RT showed a beneficial effect similar to

that found in the primary analysis (14).

Since the study was closed in 1996, RT + HT has become

standard treatment for locoregionally advanced cervical can-

cer in a number of Dutch RT institutes and is recommended

in other centers for all patients with a medical contraindica-

tion for chemoradiotherapy. In 1999 and 2000, five random-

ized studies were published that showed a clear benefit of

adding CT to RT, with a 12% absolute benefit in survival

(19–24). In 1999, the National Cancer Institute issued an alert

based on these five studies, stating that ‘‘strong consideration

should be given to the incorporation of concurrent cisplatin-

based chemotherapy with radiation therapy in women who

require radiation therapy for treatment of cervical cancer’’

(25). Many centers followed this call, and results of this

and other HT studies received little attention.

Although RT + CT is widely accepted, there are still many

uncertainties concerning which patients benefit. First, there

were great variations in the designs of the trials and doses

and schedules of cisplatin (CDDP) (Table 2). Only one trial

exclusively compared standard RT with the same RT and cis-

platin. This trial showed no significant difference in overall

and progression-free survival, and it was published after

the National Cancer Institute alert (26). Second, patients

who were included in most RT + CT trials were a select sub-

group of patients with cervical cancer. Patients with more ad-

vanced stages of cervical cancer were included in the trials

only if the para-aortal lymph nodes were clinically unaf-
fected. In two protocols, patients even underwent para-aortal

lymph node dissection to exclude para-aortal lymph node

metastasis (22, 23). Third, in several trials, overall treatment

time (OTT) exceeded 9 weeks; local control is a prerequisite

for cure in cervical cancer, and an increase in OTT is accom-

panied by decreasing chances of local control (27). The effect

of adding CDDP to optimal RT thus remains unclear, in

particular for more advanced stages. Fourth, only patients

who were fit to receive CT entered these trials.

In all RT + CT trials, an increase in acute toxicity was

found compared with RT alone (28). In addition, both animal

and human studies provided evidence for a relationship be-

tween acute and late gastrointestinal toxicity (29, 30). To

date, no increase in late toxicity was found in the clinical tri-

als, but duration of follow-up was sufficient in only one trial

(23). Therefore no definite conclusions can be drawn with re-

spect to late complications of the RT + CT combination (28).

Other investigators also studied the effect of adding HT to

RT for patients with locally advanced cervical cancer in ran-

domized trials (Table 3). The majority of patients treated in

these studies had FIGO tumor Stage IIIB or higher. Three

studies reported significantly better results after RT plus

HT (31–33), and one showed a tendency toward better pelvic

tumor control at 2 years (34). In the most recent study, no sig-

nificant improvement was found when RT was combined

with HT (35). A probable explanation for this is that an ade-

quate HT dose was applied to only part of the tumor (36).

This current update of the DDHT is the first systematic

long-term follow-up available for RT + HT. After 12 years

of follow-up, a considerable improvement in pelvic tumor

control and overall survival was found without increased

late toxicity.

The magnitude of the beneficial effect of HT was similar to

that of CT; odds ratios for pelvic tumor control were 0.48–

0.79 in the RT plus CT trials and 0.48 in the DDHT. Relative

HRs for death were 0.39–0.74 in the RT + CT trials and 0.53

in the DDHT (5). In a Cochrane meta-analysis, RT + CT was

less beneficial in trials with a high number of patients with
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Table 3. Randomized studies comparing RT with RT plus HT

Complete response rate Pelvic control Overall survival

FIGO stage n RT RT + HT RT RT + HT RT RT + HT

Datta et al. (31) IIIB 64 58 74 46 67* 73 81*
Sharma et al. (34) II, III 50 50 70y

Chen et al. (32) IIB, IIIB 120 48 72z

Harima et al. (33) IIIB 40 50 80z 49 80zx 48 58x

Vasanthan et al. (35) IIB–IV 110 �80 �7x 73 7x

Abbreviations: RT = radiotherapy; HT = hyperthermia; FIGO = International Federation of Gynae-
cology and Obstetrics.

* At 2 years.
y At 1.5 years.
z Significant difference.
x At 3 years.
advanced-stage or bulky tumors, whereas in the DDHT, 80%

of patients had advanced-stage cancer and 77% had a tumor

larger than 6 cm (19). We therefore believe that RT + HT

should seriously be considered for patients with locally ad-

vanced cervical cancer and even more so if they are not suited

to receive CT. However, in many countries, the option of

HT is not considered or even available as an equivalent

alternative for CT.

Despite the improved prognosis of women with locore-

gionally advanced cervical cancer after either RT + HT or

RT + CT, many will still die of the disease from either local

recurrence or distant metastases. The combination of RT

with both HT and CDDP, the most active chemotherapeutic

agent in cervical cancer, could possibly further improve the

outcome of treatment. The first results of an international

multicenter Phase I/II trial recently showed that this trimo-

dality treatment was feasible (37). In our view, the most

interesting next step would be a randomized three-arm

study comparing both RT + HT and RT + CDDP with

the trimodality treatment. Such a trial could provide an an-

swer to the questions remaining on the addition of cisplatin
to RT + HT and the addition of HT to RT + CDDP in terms

of effectiveness and toxicity. It could also tell us whether

certain subgroups of patients respond better to the addition

of HT or CDDP. However, such a study appears unfeasible

because many centers did not accept a control arm without

CDDP. Currently, there are two complementary trials in

progress: an international multicenter phase III trial compar-

ing RT + CDDP with the trimodality treatment and a Dutch

multicenter phase III trial comparing RT + CDDP with

RT + HT (radiotherapy combined with hyperthermia or

cisplatin).

In conclusion, the combination of RT with HT in patients

with locoregionally advanced cervical cancer results in long-

term major improvement of local control and survival with-

out an increase in toxicity compared with RT alone. The

benefit of adding HT to RT is of the same magnitude as

that of adding CT to RT. Patients who are unfit for CT should

be offered RT with HT as an equivalent alternative. For all

other patients with locoregionally advanced cervical carci-

noma, the best treatment approach has yet to be determined in

ongoing trials.
REFERENCES
1. Barillot I, Horiot JC, Pigneux J, et al. Carcinoma of the intact

uterine cervix with radiotherapy alone: A French cooperative

study: Update and multivariate analysis of prognostic factors.

Int J Radiat Oncol Biol Phys 1997;38:969–978.
2. Perez CA, Grigsby PW, Chao KS, et al. Tumor size, irradiation

dose and long-term outcome of carcinoma of the uterine cervix.

Int J Radiat Oncol Biol Phys 1998;41:307–317.
3. Brady LW, Markoe AM, Micaily B, et al. Innovative techniques

in radiation oncology. Clinical research programs to improve

local and regional control in cancer. Cancer 1990;65:610–624.
4. Suit HD. The American Society of Therapeutic Radiologists

Presidential Address: October 1981. Potential for improving

survival rates for the cancer patient by increasing the efficacy

of treatment of the primary lesion. Cancer 1982;50:1227–1234.
5. Van der Zee J, Koper PCM, Lutgens LCHW, et al. Point-coun-

terpoint: What is the optimal trial design to test hyperthermia for

carcinoma of the cervix? Int J Hyperthermia 2002;18:19–24.
6. Field SB. Biological aspects of hyperthermia. In: Field SB,

Franconi C, editors. Physics and technology of hyperthermia.

Dordrecht: Martinus Nijhoff; 1987. p. 19–53.
7. Kampinga HH, Dikomey E. Hyperthermic radiosensitization:
Mode of action and clinical relevance. Int J Radiat Biol 2001;
77:399–408.

8. Song CW, Shakil A, Griffin RJ, et al. Improvement of tumor
oxygenation status by mild temperature hyperthermia alone or
in combination with carbogen. Semin Oncol 1997;24:626–632.

9. Valdagni R, Amichetti M, Pani G. Radical radiation alone ver-
sus radical radiation plus microwave hyperthermia for N3
(TNM-UICC) neck nodes: A prospective randomized clinical
trial. Int J Radiat Oncol Biol Phys 1988;15:13–24.

10. Valdagni R, Amichetti M. Report of long-term follow-up in
a randomized trial comparing radiation and radiation therapy
plus hyperthermia to metastatic lymph nodes in Stage IV head
and neck patients. Int J Radiat Oncol Biol Phys 1994;28:
163–169.

11. Overgaard J, Gonzalez Gonzalez D, Hulshof MC, et al. Rando-
mised trial of hyperthermia as adjuvant to radiotherapy for re-
current or metastatic malignant melanoma. Lancet 1995;345:
540–543.

12. Vernon CC, Hand JW, Field SB, et al. Radiotherapy with or
without hyperthermia in the treatment of superficial localized



1182 I. J. Radiation Oncology d Biology d Physics Volume 70, Number 4, 2008
breast cancer: Results from five randomized controlled trials. Int
J Radiat Oncol Biol Phys 1996;35:731–744.

13. Van der Zee J, Gonzalez Gonzalez D, van Rhoon GC, et al.
Comparison of radiotherapy alone with radiotherapy plus hy-
perthermia in locally advanced pelvic tumours: A prospective
randomized, multicentre trial. Lancet 2000;355:1119–1125.

14. Van der Zee J, Gonzalez Gonzalez D. The Dutch Deep Hyper-
thermia Trial: Results in cervical cancer. Int J Hyperthermia
2002;18:1–12.

15. Schneider CJ, van Dijk JDP, de Leeuw AAC, et al. Quality as-
surance in various radiative hyperthermia systems applying
a phantom with LED matrix. Int J Hyperthermia 1994;10:
733–747.

16. Cox JD, Stetz J, Pajak TF. Toxicity criteria of the Radiation
Therapy Oncology Group (RTOG) and the European Organi-
zation for Research and Treatment of Cancer (EORTC). Int J
Radiat Oncol Biol Phys 1995;31:1341–1346.

17. Ito H, Kutuki S, Nishiguchi I, et al. Radiotherapy for cervical
cancer with high-dose rate brachytherapy—Correlation be-
tween tumor size, dose and failure. Radiother Oncol 1994;31:
240–247.

18. Kapp KS, Stuecklschweiger GF, Kapp DS, et al. Prognostic
factors in patients with carcinoma of the uterine cervix treated
with external beam irradiation and IR-192 high-dose-rate bra-
chytherapy. Int J Radiat Oncol Biol Phys 1998;42:531–540.

19. Green JA, Kirwan JM, Tierney JF, et al. Survival and recurrence
after concomitant chemotherapy and radiotherapy for cancer of
the uterine cervix: A systemic review and meta-analysis. Lancet
2001;358:781–786.

20. Keys HM, Bundy BN, Stehman FB, et al. Cisplatin, radiation,
and adjuvant hysterectomy compared with radiation and adju-
vant hysterectomy for bulky stage IB cervical carcinoma.
N Engl J Med 1999;340:1154–1161.

21. Morris M, Eifel PJ, Lu J, et al. Pelvic radiation with concurrent
chemotherapy compared with pelvic and para-aortic radiation
for high-risk cervical cancer. N Engl J Med 1999;340:
1137–1143.

22. Rose PG, Bundy BN, Watkins EB, et al. Concurrent cisplatin-
based radiotherapy and chemotherapy for locally advanced cer-
vical cancer. N Engl J Med 1999;340:1144–1153.

23. Whitney CW, Sause W, Bundy BN, et al. Randomized compar-
ison of fluorouracil plus cisplatin versus hydroxyurea as an
adjunct to radiation therapy in stage IIB-IVA carcinoma of
the cervix with negative para-aortic lymph nodes. J Clin Oncol
1999;17:1339–1348.

24. Peters WA, Liu PY, Barret RJ, et al. Concurrent chemotherapy
and pelvic radiation therapy compared with pelvic radiation
therapy alone as adjuvant therapy after radical surgery in
high-risk early-stage cancer of the cervix. J Clin Oncol 2000;
18:1606–1613.

25. National Cancer Institute. Clinical announcement: Concurrent
chemoradiation for cervical cancer. February 22, 1999. Avail-
able at: http://www.cancer.gov/newscenter/cervicalcancer/print?
page=&keyword=. Accessed March 6, 2007.

26. Pearcey R, Brundage M, Drouin P, et al. Phase III trial compar-
ing radical radiotherapy with and without cisplatin in patients
with advanced squamous cell cancer of the cervix. J Clin Oncol
2002;20:966–972.

27. Petereit DG, Sarkaria JR, Chappell R, et al. The adverse effects
of treatment prolongation in cervical carcinoma. Int J Radiat
Oncol Biol Phys 1995;32:1301–1307.

28. Kirwan JM, Symonds P, Green JA, et al. A systematic review of
acute and late toxicity of concomitant chemoradiation for cervi-
cal cancer. Radiother Oncol 2003;68:217–226.

29. Hauer-Jensen M. Late radiation injury of the small intestine.
Clinical, pathophysiologic and radiobiological aspects. A re-
view. Acta Oncol 1990;29:401–415.

30. Wang CJ, Leung SW, Chen HC, et al. The correlation of acute
toxicity and late rectal injury in radiotherapy for cervical carci-
noma: Evidence suggestive of consequential late effect
(CQLE). Int J Radiat Oncol Biol Phys 1998;40:85–91.

31. Datta NR, Bose AK, Kapoor HK. Thermoradiotherapy in the
management of carcinoma cervix (stage IIIB): A controlled
clinical study. Indian Med Gaz 1987;121:68–71.

32. Chen HW, Jun-Jie F, Wei L. A randomized trial of hyper-
thermo-radiochemotherapy for uterine cervix cancer. Chin J
Clin Oncol 1997;24:249–251.

33. Harima Y, Nagata K, Harima K, et al. A randomized clinical
trial of radiation therapy versus thermoradiotherapy in stage
IIIB cervical carcinoma. Int J Hyperthermia 2001;17:97–105.

34. Sharma S, Patel FD, Sandhu AP, et al. A prospective random-
ized study of local hyperthermia as a supplement and radiosen-
sitizer in the treatment of carcinoma of the cervix with
radiotherapy. Endocuriether/Hyperthermia Oncol 1989;5:
151–159.

35. Vasanthan A, Mitsumori M, Park JH, et al. Regional hyperther-
mia combined with radiotherapy for uterine cervical cancers: A
multi-institutional prospective randomized trial of the Atomic
Energy Agency. Int J Radiat Oncol Biol Phys 2005;61:
145–153.

36. Van der Zee J, van Rhoon GC, Wust P. In regard to Dr. Vasan-
than et al. Int J Radiat Oncol Biol Phys 2005;61:145–153.

37. Westermann AM, Jones EL, Schem B-C, et al. First results of
triple modality treatment combining radiotherapy, chemother-
apy and hyperthermia for treatment in patients with stage IIB,
III and IVA cervical carcinoma. Cancer 2005;104:763–770.

http://www.cancer.gov/newscenter/cervicalcancer/print?page=&keyword=
http://www.cancer.gov/newscenter/cervicalcancer/print?page=&keyword=

	Long-Term Improvement in Treatment Outcome after Radiotherapy and Hyperthermia in Locoregionally Advanced Cervix Cancer: An Update of the Dutch Deep Hyperthermia Trial
	Introduction
	Methods and materials
	Patients
	Radiotherapy
	Hyperthermia
	Study design
	Data acquisition
	Statistical analysis

	Results
	Pelvic tumor control
	Overall survival
	Sites of failure
	Late toxicity

	Discussion
	References


