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Abstract
Purpose: The aim of this report was to determine the impact of hyperthermia (HT) on preoperative radiochemotherapy for
locally advanced rectal cancer.
Materials and methods: Between 1996 and 2007, 235 patients with locally advanced rectal cancer were treated with
concurrent preoperative radiochemotherapy with or without HT. The total dose of radiotherapy was 39.6 Gy for 109 patients
(group A) and 45 Gy for 126 patients (group B). Two or three cycles of chemotherapy were administered. Hyperthermia was
given immediately after radiotherapy.
Results: In the HT subgroup of group A, more patients achieved down-staging of T stage when compared to the non-HT
subgroup (57.9% versus 38%, p¼ 0.047). For the cNþ subgroup of all patients, the number of patients with ypNþ were
significantly less in the HT subgroup (25% versus 50%, p¼ 0.022). In group A, HT appeared to reduce distant metastasis,
increase disease-free survival, and improve overall survival.
Conclusions: HT seemed to increase the response of both primary tumour and lymph nodes to preoperative
radiochemotherapy in patients with locally advanced rectal cancer. The relationship between increased response by HT
and survival should be confirmed by a large prospective randomised trial.
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Introduction

Adjuvant treatments to improve local control have

been developed for patients with locally advanced

rectal cancer because local failure occurs in

16%–29% of patients after surgery alone [1].

Radiotherapy (RT) alone was given to patients

before or after surgery in the past [2–4]; however,

concurrent chemotherapy is currently used to

enhance the effect of RT. When compared to

preoperative RT alone, preoperative radioche-

motherapy (RCT) enhances the pathological

response and improves local control in patients

with resectable stage II and III rectal cancer [5].

Preoperative RCT followed by total mesorectal

excision (TME) is considered the standard therapy

based on a German randomised controlled trial [6].

Another strategy to increase local control is to add

hyperthermia (HT) to RT alone or RCT.

Hyperthermia, as a potent radiosensitiser, has been

shown to increase not only response rates but also

clinical outcomes to RT in various cancers, except

rectal cancer [7]. With respect to rectal cancer, HT

has been reported to enhance the efficacy of RT in

human colon cancer cells transplanted into nude

mice by changing the expression of apoptosis genes

[8] and increase the tumour response to RT based on

a Cochrane meta-analysis of five randomised con-

trolled trials [9].

The most commonly used agent for adjuvant

chemotherapy for rectal cancer, 5-fluorouracil

(5-FU), has also been reported to be affected

positively by HT [10–12]. Therefore, 5-FU is

expected to further increase the effect of RCT
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when combined with HT in patients with locally

advanced rectal cancer. Hyperthermia has been

reported to be safely combined with preoperative

RCT and increase the tumour response in patients

with rectal cancer [13–17], but there have been no

reports on the impact on local control or survival

rates.

We have combined HT with preoperative RCT for

patients with rectal cancer since 1996. The aim of

this report was to investigate the effect of HT on the

response and survival rates of patients with locally

advanced rectal cancer who were treated with

preoperative RCT.

Materials and methods

Patients

Between 1996 and 2007, 498 patients were treated

with RCT preoperatively at Yeungnam University

Medical Centre. Of these patients, there were

235 eligible patients, who had histologically con-

firmed, locally advanced (cT3-4N0/þ) rectal adeno-

carcinoma. The tumours were located within 10 cm

from the anal verge, and curative surgery was

performed after the completion of preoperative

treatment. To verify the role of HT on preoperative

RCT in patients with locally advanced rectal cancer,

we used the following exclusion criteria: metachro-

nous or synchronous double primary cancers;

rectosigmoid or sigmoid tumours (above 10 cm

from the anal verge); early distal rectal tumours

(cT1-2N0); distant metastasis at the time of diagno-

sis or at the time of surgery; incomplete RT;

treatment with other chemotherapeutic agents; or

patients who declined surgery or who underwent

surgery at another hospital.

To exclude ineligible patients, pretreatment stag-

ing work-ups were reviewed. Pretreatment computed

tomography (CT) images were re-evaluated for cT

and cN stage. If CT images were not available,

radiological reports at the time of diagnosis were

used for staging. Transrectal ultrasonography

(TRUS), if performed, was used for T staging.

Metastatic lymph nodes were considered to be

present if the diameter exceeded 5 mm in the shorter

axis. Post-operative pathological stage was assigned

according to the American Joint Committee on

Cancer (AJCC) 2002 system.

Treatment

Preoperative treatment consisted of RT, chemother-

apy, and HT. Whole pelvic irradiation was given

using a 3- or 4-field technique with 6 MV or 10 MV

photons. Initially, the total dose of RT was 39.6 Gy

in 22 daily fractions of 1.8 Gy over a period of

4.5 weeks (N¼ 109, group A); beginning in 2003 the

total dose of whole pelvic irradiation was escalated to

45 Gy in 25 fractions (N¼ 126, group B).

Two to three cycles of chemotherapy were admin-

istered before surgery. First and second cycles of

chemotherapy were administered concurrently with

RT. All patients received 5-FU and leucovorin;

5-FU (425 mg/m2/day) was continuously infused

for 5 days during the first and last weeks of RT,

and leucovorin (20 mg/kg) was infused on each day

of chemotherapy. Mitomycin C (10 mg/m2) was

infused on day 1 in 186 patients; 105 patients in

the HT group and 81 patients in the non-HT group.

Hyperthermia was considered in patients referred

for preoperative RCT due to locally advanced rectal

cancer. Hyperthermia was given to 38 patients in

group A and 60 patients in group B. Patients who

consented were treated with HT but those who did

not consent (N¼ 29) or who had thick subcutaneous

fat tissue (42 cm) were not (N¼ 82). Patients who

had prior surgery at the abdomen or pelvis (N¼ 2) or

cardiac problems including atrial fibrillation and old

myocardiac infarction (N¼ 3) were not considered

for HT. Twenty-one patients of the non-HT sub-

group of group A were those who were treated before

or around the time of installation of a HT machine.

Hyperthermia was delivered twice a week during

RT using an 8-MHz radiofrequency capacitive

heating device (Cancermia GHT-RF8; Green

Cross Medical, Yongin, Korea). Each hyperthermic

session was started immediately after RT and con-

tinued for 40–60 min per session; 40 min in

26 patients before 2000, and thereafter 60 min in

72 patients. The median number of HT treatments

was 9 (range, 1–11) for all patients, 7 (range, 1–10)

for group A, and 9 (range, 1–11) for group B. We

used both the 25-cm top and bottom electrodes to

cover the radiation field. To prevent skin burn,

circulating distilled water in the bolus was cooled to

the temperature of 5–10�C but precooling of the skin

and subcutaneous tissues was not performed.

Applied minimal and maximal powers were

766� 207 W (range, 223–1267) and 975� 202 W

(range, 427–1610). Intrarectal temperature was mea-

sured in 72 patients using a thermocouple (Sensor

Tech, Trenton, NJ); 37 in group A and 35 in group

B. Temperature was measured 1–9 times in each

patient and the highest temperatures were

39.5� � 0.8�C (range, 37.9�–42.4�C) for all patients,

40� � 0.9�C for group A, and 39.5� � 0.7�C for

group B.

Surgery was planned 4–6 weeks after the comple-

tion of RT. The type of surgery was determined

by the surgeon and total mesorectal excision was

routinely performed. Adjuvant chemotherapy was

administered in 224 patients. The same regimen as

the preoperative treatment, except mitomycin C, was
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delivered to 191 patients for up to 11 cycles.

Thirty-six patients received oral 5-FU agents.

Post-operative RT was given to 11 patients in

whom the tumour invaded adjacent organs or the

pelvic wall at the time of surgery.

Assessment of response

Complete remission (CR) was defined as the absence

of residual tumour cells in the surgical specimen

regardless of the presence of mucin pools. Partial

remission (PR) was defined as a tumour size reduc-

tion of �50% when comparing the size of the tumour

on the surgical specimen to the pretreatment tumour

size, which was measured by the preoperative imag-

ing studies, such as colonoscopy, barium enema, or

CT images. Tumours achieving CR or PR were

considered to have responded to treatment.

Endpoints and statistical analysis

We analysed the effect of HT on the response rates,

failure patterns based on the first failure sites, and

survival rates in groups A and B. Local failure was

defined as recurrences at the anastomosis site,

presacral area, and regional lymphatic area in the

pelvic cavity and distant failure as the recurrences

outside the pelvic cavity.

Comparisons of patients and tumours characteris-

tics were done with �2 test, Fisher’s exact test, and

t-test, as indicated. Overall survival (OS), cancer-

specific survival (CSS), disease-free survival (DFS),

local relapse-free survival (LRFS), and distant

metastasis-free survival (DMFS) rates were calcu-

lated from the first day of RCT to the date of the

event using the Kaplan-Meier method. The log-rank

test was used for the analysis of the factors affecting

survival rates. Statistical evaluations were per-

formed using the PASW statistics 18 software

(SPSS, Chicago, IL). A P value 50.05 was consid-

ered as significant.

Results

Patient and tumour characteristics before and after

RCT

For all patients the median age was 60 years (range,

18–83 years) and 137 (58.3%) were men. The mean

tumour size was 5.1� 1.9 cm in 218 patients in

whom the tumour size was measurable. The clinical

stage was cT3N0 for 152 (64.7%), cT3Nþ for 75

(31.9%), cT4N0 for 3 (1.3%), and cT4Nþ for

5 patients (2.1%).

Table I shows the distribution of various charac-

teristics before RCT according to HT and the total

dose of RT. Males were more prevalent in the HT

subgroup (p50.001), and in each group. The age,

cT stage, and mean tumour size were not different

according to HT. The cN stage did not differ in all

patients and group B, but the HT subgroup of group

A had more cNþ stage patients (p¼ 0.065).

Table II shows the distribution of various charac-

teristics after RCT. None of the characteristics,

except the ypT stage in the HT subgroup of group

A, differed according to HT.

Response and survival rates

The median follow-up period was 63 months (range,

2–172 months) for all patients. To the date of last

follow up 71 patients (30.2%) died and 55 patients

(23.4%) developed recurrences, including 13 patients

(5.5%) with local failures and 45 patients (19.1%)

with distant metastases. The OS, CSS, DFS, LRFS,

and DMFS were 73.9%, 83.0%, 75.1%, 93.9%, and

79.8% at 5 years, respectively.

Table I. Patient and tumour characteristics before preoperative radiochemotherapy.

Total dose of radiotherapy

All patients 39.6 Gy (%) 45 Gy (%)

HT� HTþ p HT� HTþ p HT� HTþ p

Gender Male 55 (40.1) 82 (83.7) 50.001 29 (40.8) 26 (68.4) 0.006 26 (39.4) 56 (93.3) 50.001

Female 82 (59.9) 16 (16.3) 42 (59.2) 12 (31.6) 40 (60.6) 4 (6.7)

Age �60 years 74 (54.0) 49 (50.0) NS 43 (60.6) 24 (63.2) NS 31 (47.0) 25 (41.7) NS

460 years 63 (46.0) 49 (50.0) 28 (39.4) 14 (36.8) 35 (53.0) 35 (58.3)

cT cT3 132 (97.1) 94 (95.9) NS 68 (95.8) 35 (92.1) NS 65 (98.5) 59 (98.3) NS

cT4 4 (2.9) 4 (4.1) 3 (4.2) 3 (7.9) 1 (1.5) 1 (1.7)

cN cN0 93 (67.9) 62 (63.3) NS 50 (70.4) 20 (52.6) 0.065 43 (65.2) 42 (70.0) NS

cNþ 44 (32.1) 36 (36.7) 21 (19.6) 18 (47.4) 23 (34.8) 18 (30.0)

Tumour size (cm) 4.9� 1.9 5.4� 1.9 NS 4.9�2.1 5.3� 1.9 NS 5.0�1.8 5.4� 1.9 NS

HT, hyperthermia; NS, not significant.
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Table III shows the relationships between the

tumour response with the changes in T and N stage.

Tumour which responded to treatment showed a

higher down-staging rate of T stage in all patients

(p¼ 0.013) and a lower rate of pNþ in cN0 patients

(p¼ 0.03). However, tumour response was not

related to the change of pN stage in cNþ patients.

Post-operative AJCC stage and the changes in T

and N stage were significantly related to OS, CSS,

DFS, and DMFS ( p50.05). LRFS curves also

showed similar pattern although they were not

statistically significant. Figure 1 shows CSS curves

according to the changes of T and N stage. However,

tumour response was not related to any survival

rates.

Response according to hyperthermia

The tumour response rate was 50.9% for the

214 evaluable patients; the tumour size of 21 patients

was not described in the pathological reports.

Figure 2 shows the response rate of each group.

The response rate of group B (69/125, 55.2%) was

higher than group A (40/89, 44.9%). However, the

HT subgroup of group A achieved a similar response

rate (16/30, 53.3%) as group B, while the non-HT

subgroup of group A had the lowest response rate

(24/59, 40.7%).

The overall down-staging rate of the T stage was

43.4% for all 235 patients. Figure 3 shows the down-

staging rate for each group. HT significantly

increased the down-staging rate of the T stage in

group A (p¼ 0.047), but not in group B.

The changes in lymph node status are shown in

Table IV. Patients with cN0 had ypNþ in 20.6% of

all patients and the change from cN0 to ypNþ was

not influenced by adding HT. However, HT signif-

icantly down-staged lymph node status (p¼ 0.022)

and the rates of ypN0 were higher by 20%–30% in

the HT subgroup in groups A and B.

Survival rates according to hyperthermia

For group A, the median follow-up period was 102

months (range, 2–173 months). The OS, CSS, DFS,

LRFS, and DMFS were 73.4%, 83.1% 78.8%,

94.8%, and 81.6% at 5 years, respectively. The

curves for OS, CSS, DFS, and DMFS in the HT

subgroup remained above of the corresponding

curves in the non-HT subgroup, but LRFS was not

affected by HT (Figure 4).

For group B, the median follow-up period was 53

months (range, 3–93 months). The OS, CSS, DFS,

LRFS, and DMFS at 5 years were 74.4%, 83.2%,

72.1%, 93.1%, and 78.5%, respectively. The curves

for OS and CSS in the HT subgroup remained above

the corresponding curves in the non-HT subgroup,

Table II. Patient and tumour characteristics after preoperative radiochemotherapy.

Total dose of radiotherapy

All patients 39.6 Gy (%) 45 Gy (%)

HT� HTþ p HT� HTþ p HT� HTþ p

Surgery type APR 19 (13.9) 14 (14.3) NS 13 (18.3) 8 (21.1) NS 6 (9.1) 6 (10.0) NS

ULAR 33 (24.1) 22 (22.4) 7 (9.9) 3 (7.9) 26 (39.4) 19 (31.7)

LAR 84 (61.3) 62 (63.3) 51 (71.8) 27 (71.1) 33 (50.0) 35 (58.3)

TAE 1 (0.7) 0 (0.0) 1 (1.5) 0 (0.0)

Resection margin Negative 131 (95.6) 94 (95.9) NS 67 (94.4) 37 (97.4) NS 64 (97.0) 57 (95.0) NS

Positive 6 (4.4) 4 (4.1) 4 (5.6) 1 (2.6) 2 (3.0) 3 (5.0)

ypCR Non-CR 118 (86.1) 84 (85.7) NS 61 (85.9) 32 (84.2) NS 57 (86.4) 52 (86.7) NS

CR 19 (13.9) 14 (14.3) 10 (14.1) 6 (15.8) 9 (13.6) 8 (13.3)

ypT stage ypT0-2 54 (39.4) 47 (48.0) NS 27 (38.0) 21 (55.3) 0.064 27 (40.9) 26 (43.3) NS

ypT3-4 83 (60.6) 51 (52.0) 44 (62.0) 17 (44.7) 39 (59.1) 34 (56.7)

ypN stage ypN0 97 (71.3) 75 (76.5) NS 49 (69.0) 29 (76.3) NS 48 (73.8) 46 (76.7) NS

ypNþ 39 (28.7) 23 (23.5) 22 (31.0) 9 (23.7) 17 (26.2) 14 (23.3)

HT, hyperthermia; APR, abdominoperineal resection; ULAR, ultra-low anterior resection; LAR, low anterior resection; TAE, trans-anal
excision; NS, not significant.

Table III. Relationships between the tumour response
with the changes in T and N stage.

No. of patients (%)

pResponse (�) Response (þ)

T stage Upstaging 5 (4.8) 3 (2.8) 0.013

No change 65 (61.9) 48 (44.0)

Downstaging 35 (33.3) 58 (53.2)

N stage cN0! pN0 46 (70.8) 66 (85.7) 0.03

cN0! pNþ 19 (29.2) 11 (14.3)

cNþ! pN0 25 (62.5) 19 (59.4) NS

cNþ! pNþ 15 (37.5) 13 (40.6)
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but other survival rates were not affected by HT

(Figure 5). However, among 26 patients who expe-

rienced distant metastasis, patients previously treated

with HT significantly survived longer after the

detection of distant metastasis when compared to

patients who had never been treated with HT

(Figure 6, p¼ 0.026).

Discussion

Hyperthermia has been reported to enhance the

response to preoperative RCT in patients with rectal

cancer. Furuta et al. [13] evaluated the effect of

adding HT to preoperative RCT (40.5 Gy and a

5-FU suppository) in patients with lower rectal

cancer; the study revealed that patients treated with

HT achieved better response rates with respect to

tumour size reduction on barium enema, the ratio of

residual tumour, and the argyrophilic nucleolar

organizer regions (AgNOR) score of the surgical

specimen. Our results also showed that the down-

staging rates of T and N stage in the HT subgroup

were significantly higher for group A and all patients,

respectively.

Comparing the distributions of T and N stage

before and after treatment clarifies the effect of HT.

In group A, while most patients had cT3 before

preoperative RCT, more patients in the HT sub-

group achieved a higher down-staging rate of T stage

Figure 1. Cancer-specific survival curves of 235 patients according to the change of T and N stage. (A) T stage ( p50.001),
and (B) N stage ( p¼ 0.001).

Figure 2. Response (CR+PR) rate of tumor size accord-
ing to hyperthermia (HT) and a total dose of radiotherapy.
The overall response rate was 50.6% for the 214 evaluable
patients.

Figure 3. Downstaging rates of T stage. The overall
downstaging rate was 43.4%. Hyperthermia (HT) signifi-
cantly increased the downstaging rate in the 39.6 Gy group
( p¼ 0.047), but not in the 45 Gy group.
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Figure 5. Survival curves of the 45 Gy group according to hyperthermia (HT). (A) Overall survival (OS, p¼ 0.598) and
cancer-specific survival (CSS, p¼ 0.682), and (B) disease-free survival (DFS, p¼ 0.799), local relapse-free survival (LRFS,
p¼ 0.688) and distant metastasis-free survival (DMFS, p¼ 0.944).

Figure 4. Survival curves of the 39.6 Gy group according to hyperthermia (HT). (A) Overall survival (OS, p¼ 0.103) and
cancer-specific survival (CSS, p¼ 0.254), and (B) disease-free survival (DFS, 0.471), local relapse-free survival (LRFS,
0.785) and distant metastasis-free survival (DMFS, p¼ 0.236).

Table IV. Changes in lymph node status after preoperative radiochemotherapy according to hyperthermia.

Total dose of radiotherapy

All patients 39.6 Gy (%) 45 Gy (%)

HT� HTþ p HT� HTþ p HT� HTþ p

cN0 ypN0 75 (80.6) 48 (77.4) NS 38 (76.0) 16 (80.0) NS 37 (86.0) 32 (76.2) NS

ypNþ 18 (19.4) 14 (22.6) 12 (24.0) 4 (20.0) 6 (14.0) 10 (23.8)

cNþ ypN0 22 (50.0) 27 (75.0) 0.022 11 (52.4) 13 (72.2) NS 11 (47.8) 14 (77.8) 0.051

ypNþ 22 (50.0) 9 (25.0) 10 (47.6) 5 (27.8) 12 (52.2) 4 (22.2)

HT, hyperthermia.
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with a difference of 20% when compared to the

non-HT subgroup (57.9% versus 38%, p¼ 0.047)

and gained a higher rate of ypT0-2 (55.3% versus

38%, p¼ 0.064; Table II and Figure 3). With respect

to the change in lymph node status in all patients, the

rate of cNþ was similar between the HT and

non-HT subgroups; the HT subgroup achieved a

significantly lower rate of ypNþ (Table IV).

Although tumour response to preoperative RCT

was better in the HT subgroup, local control rate was

not different according to the use of HT in the

current study. Since a considerable reduction in local

recurrence rates to 510% has been accomplished

with advances in surgical technique and adjuvant

RCT in patients with locally advanced rectal cancer

[5, 6], there might be little room for improvement

with local control by HT. However, based on the

facts that overall or disease-free survival rates of male

patients with primary or recurrent rectal cancer were

worse, and the narrow male pelvis hinders securing

a wide resection margin or applying enough large

applicators for intraoperative radiotherapy, male

patients may have more risk of pelvic recurrence

[18–20]. Although the proportion of male patients in

the HT group were about twice that of the non-HT

group, the rates of local control at 10 years were

87.1% for the non-HT group and 93.9% for the

HT group. So, even though it was not statistically

significant, it is possible for HT to have had a positive

impact on local control. In addition, HT may still

be a good option for certain patients who have locally

advanced, unresectable, or recurrent rectal cancer

in whom it is not easy to perform a R0 resection

[14, 16].

In contrast to the misunderstanding that HT may

facilitate distant metastasis by increasing tumour

blood flow, HT did not increase distant metastasis in

the current study. In group A, reduced distant

metastasis seemed to translate into a better DFS,

CSS and OS; the non-significant difference might be

due to the small sample size. Such benefits of HT

may have contributed to down-staging of N stage

since ypN status after preoperative RCT is closely

related to distant metastasis [21]. In this case

regional lymph nodes as well as the primary

tumour are the targets of HT. In group B, CSS of

the HT subgroup seemed to be better, although DFS

was not different according to the use of HT. This

discrepancy may be caused by the fact that the

patients in the HT subgroup significantly survived

longer after the detection of distant metastasis than

those in the non-HT subgroup (Figure 5). Although

we cannot ignore the possibility of selection bias, this

might be a result of increased host immunity by HT.

Recently, mild HT has been reported to have a

positive effect on anti-tumour immunity by increas-

ing the activity of immune effector cells including T

cells, NK cells and macrophages [22].

Hyperthermia, as a chemosensitiser, has the

potential to improve the effect of chemotherapy

combined with preoperative RT. Maeta et al. [12]

showed that mild HT could enhance the uptake of

5-FU and the rate of conversion to reactive metab-

olites. The intracellular uptake of 5-FU increased

two- to five-fold at 39�–42�C when compared to

37�C, and was greatest at 39�C. The production of

active metabolites was also enhanced through the

up-regulation of thymidylate synthase activity, which

was greatest at 39�C, but inhibited at 42�C. On the

basis of these results, Anscher et al. [16] adminis-

tered a continuous 5-FU (250 mg/m2/day 7 days per

week) infusion throughout RT with weekly HT,

with a target T90 (temperature achieved by 90% of

measured points) of 39�–40�C in patients with locally

advanced, unresectable, or recurrent rectal cancer.

Therefore, this kind of treatment deserves to be

investigated.

Our measured intrarectal temperature was

39.5� � 0.8�C (range, 37.9�–42.4�C), which can be

classified as mild HT. As it is difficult to obtain

temperatures above 42.5�C in the clinical setting,

there have been many studies on the changes of the

tumour microenvironment after mild HT (tempera-

ture range, 39.5�–42.5�C) [23]. Some reported that

the increases of tumour blood flow and tumour

oxygenation persisted for 24–48 h after mild HT

[24–27]. Furthermore, Thrall et al. [28] found that

an increase in oxygenation in tumours persisted

during a course of fractionated thermoradiotherapy

in a canine sarcoma.

Figure 6. Survival curves of the 26 patients who
experienced recurrence in 45 Gy group. Overall survival
rate, calculated from the detection of distant metastasis,
was significantly better in patients who were previously
treated with preoperative RCT with HT ( p¼ 0.026).
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Although invasive intra-tumoural temperature

measurement is recommended, it is not easy to

perform on every patient [29]. Instead, a minimally

invasive technique using endoluminal thermometry

catheters placed in the rectum, bladder, and vagina

has been used for patients with rectal cancer [17, 30].

The thermal parameters, T90 and cumulative min-

utes with T90� 40.5�C, were significantly related to

the tumour response to preoperative hyperthermic

radiochemotherapy in one study, and T90 and Tmax

(maximal temperature achieved at each HT session)

were related to the tumour response in another study

[17, 30]. In the current study, the effects of HT on

responses and survival rates were better in group A

than in group B and the mean value of highest

temperature was higher in group A. However, since

the temperature difference between groups A and B

was not significant and measurements were not

performed in all HT sessions, we cannot draw any

conclusions. Therefore, the temperature needs to be

measured in all HT sessions to analyse the relation-

ship between temperature and clinical outcomes.

In summary, HT appeared to increase the

response of the primary tumour and lymph nodes

to preoperative RCT in patients with locally

advanced rectal cancer, and patients with down-

staging showed better survival rates. However, the

relationship between increased response by HT and

survival should be confirmed by a large prospective

randomised trial.
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