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Abstract

Background This single-arm phase Il trial aimed to assess the effectiveness and safety of incorporating hyperthermia
into salvage concurrent chemoradiotherapy (CCRT) for previously irradiated unresectable recurrent head and neck cancer.

Methods We enrolled patients with non-metastatic recurrent head and neck cancer who had previously undergone
radiotherapy (RT) and were unfit for salvage surgery. Eligible patients received hyperthermia during salvage CCRT. RT
consisted of an upfront boost with 10 Gy in 2 fractions to gross tumor volume, followed by 40 Gy in 20 fractions to clini-
cal target volume, for a total of 50 Gy in 22 fractions. Weekly hyperthermia for 6 sessions started after RT initiation; each
session lasted for 40 min, beginning within 2 h after RT and maintaining a maximum temperature of 42 +0.5 °C. Con-
current chemotherapy included weekly cisplatin 20 mg/m? and docetaxel 10-12 mg/m? for 6 weeks. Primary endpoint
was overall response rate (ORR). Overall survival (OS), progression-free survival (PFS) and toxicities were evaluated.

Results Among 35 eligible patients, ORR was 82.9%, with complete response in 54.3%, partial response in 28.6%,
stable disease in 11.4%, and progressive disease in 5.7%. After a median follow-up of 2.7 years, median OS

was 32.8 months (95% confidence interval [Cl], 16.7-48.9), and 2-year OS was 57.1% (95% Cl, 40.6-73.6). Median
PFS was 14.9 months (95% Cl, 5.7-24.1), and 2-year PFS was 34.3% (95% Cl, 18.6-50.0). Acute mucositis was grade
0-11n 68.6%, grade 2 in 25.7%, and grade 3 in 5.7%. Acute dermatitis was grade 0-1in 85.7% and grade 2 in 14.3%.
No definite burn injury occurred. Grade 3-4 leucopenia, anemia, thrombocytopenia accounted for 14.3%, 14.3%,
and 8.6%, respectively. Osteonecrosis was noted in 12 patients. No grade 5 toxicity was observed.

Conclusions Adding hyperthermia to salvage CCRT greatly enhances tumor response and survival rates compared
to historical re-irradiation outcomes for previously irradiated unresectable recurrent head and neck cancer, with man-
ageable toxicities.
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Background

Despite aggressive efforts to combat head and neck
cancer, a significant number of patients experience
locoregional recurrence or develop metastatic disease.
The prognosis for recurrent head and neck cancer is
generally poor, with a median overall survival rang-
ing from 6 to 12 months [1-5]. Only a select group of
patients with locoregional recurrence is eligible for
surgical salvage [6-8]. For patients with unresectable
recurrent disease or those unsuitable for surgery, sal-
vage nonsurgical treatments including radiotherapy
(RT), chemotherapy, cetuximab or immunotherapy are
recommended. However, the tumor response rate was
only 10 to 36% in salvage chemotherapy with or without
cetuximab [4], less than 20% in immunotherapy alone
[3], and 52% for chemotherapy combined with high
doses re-irradiation [1]. Notably, prior full-dose radio-
therapy (RT) restricts the potential for re-irradiation
due to normal organ tolerance limits. In this context,
there is a compelling need for innovative and effective
treatment approaches to improve the outcomes of this
challenging patient population.

Hyperthermia sensitizes cells to radiation or chemo-
therapy at temperatures below 43 °C [9-11]. Early stud-
ies in the 1990s demonstrated the synergistic effects of
hyperthermia when combined with radiation or chemo-
therapy, and positive phase III trials have supported
hyperthermia’s efficacy in various cancers, including
head and neck cancer [12-20]. It has demonstrated the
potential to enhance local control and achieve durable
responses. A Japanese study showed that hyperthermia
plus chemoradiotherapy (CCRT) with docetaxel and cis-
platin provided good pathological response and locore-
gional control rates in primary advanced oral cancer
patients with N3 metastatic lymph nodes [21]. Hyper-
thermia combined with CCRT may have its role in the
management of recurrent head and neck cancer, which
has not been reported.

The prognosis for patients with treatment-failure
head and neck cancer is disheartening, and the strat-
egy of using hyperthermia in combination with salvage
CCRT deserves exploration. The primary objective of the
phase II study was to assess the effectiveness and safety
of incorporating hyperthermia into the salvage CCRT
regimen for patients with previously irradiated unresect-
able recurrent head and neck cancer. This study aimed to
address the complex clinical scenario presented by these
patients and to evaluate the potential clinical utility of
hyperthermia as an adjunct therapy.
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Methods

Study design and patients

This single-arm phase II study aimed at evaluating
the efficacy and safety of combining hyperthermia
with CCRT for recurrent head and neck cancer. This
study was approved by the institutional review board
(No. 20150205D) and was registered in ClinicalTrials.
gov (Identifier: NCT02567383). All patients provided
informed consent before any study-specific procedures
were initiated. We enrolled patients aged 20 to 85 years
with non-metastatic recurrent head and neck cancer who
had previously undergone RT and were not suitable can-
didates for salvage surgical excision. Previously irradiated
patients were defined as those with recurrent disease
in areas previously treated with a cumulative radiation
dose of 40 Gy or higher, with prior RT completed at least
6 months before initiation of re-irradiation to allow for
sufficient recovery of normal tissues. Only patients who
received conventional regimens of 1.6 to 2.2 Gy per frac-
tion were included. Eligible patients included those who
had previously received treatments such as surgery,
chemotherapy, RT, targeted therapy, or various combina-
tions of these modalities. Measurable lesions were iden-
tified through imaging examinations or endoscopy, with
the distribution of these lesions not exceeding a 20 cm
range. Patients were required to demonstrate tolerabil-
ity for concurrent chemotherapy with cisplatin and doc-
etaxel. Lastly, the study enrolled patients for whom no
other effective treatment option was available, as deter-
mined by the treating physicians.

Exclusion criteria included cases where re-irradiation
with the protocol doses was not tolerable and when eval-
uating future tumor response using image examinations
or endoscopy was not feasible. Participation in other
clinical trials, inability to undergo regular clinical follow-
up, the presence of large metallic implants or tattoos,
or medical conditions that posed risks to hyperthermia
treatment were also grounds for exclusion. Difficulty
with communication and other contraindications to
hyperthermia treatment were also considered exclusion
criteria. For communication difficulties, patients were
assessed during the initial consultation and screening
process. Evaluation included their ability to comprehend
and provide informed consent, follow treatment instruc-
tions, and communicate effectively during hyperther-
mia sessions. Factors such as advanced dementia, severe
cognitive impairment, or language barriers without ade-
quate interpretation support were considered exclusion-
ary to ensure patient safety and treatment compliance.
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Regarding contraindications to hyperthermia, we
excluded patients with conditions that could increase
the risk of adverse events or hinder effective hyperther-
mia delivery. Specific contraindications included: active
infections, severe skin conditions, open wounds or pace-
makers at or near the treatment site; implanted metallic
devices or prostheses within the target area that could
interfere with uniform heat distribution; inability to
remain in a stable position for the duration of the hyper-
thermia session.

The treatments received for the original primary can-
cer varied among the enrolled 35 patients. A total of 4
patients (11.4%) underwent surgery followed by RT, while
16 patients (45.7%) received surgery followed by CCRT.
Definitive RT alone was administered to 3 patients
(8.6%), and 12 patients (34.3%) were treated with defini-
tive CCRT. All of them previously received RT as at least
part of their treatment for head and neck cancer. A sub-
set of patients received concurrent chemotherapy during
their initial RT, typically with cisplatin-based regimens,
depending on cancer staging, tumor features and institu-
tional protocols.

Treatment protocol

Patients meeting the eligibility criteria underwent hyper-
thermia as part of salvage CCRT at conservative dosage
levels. The prescribed treatment protocol involved an
upfront boost with 10 Gy of RT administered in 2 frac-
tions to gross tumor volume (GTV) over the first 2 weeks,
followed by an additional 40 Gy in 20 fractions to clini-
cal target volume (CTV) over the subsequent 4 weeks,
resulting in a total of 50 Gy delivered in 22 fractions.
Hyperthermia sessions were integrated once per week,
commencing from the initial week of RT and extend-
ing for a total of 6 sessions. Each hyperthermia session
extended for 40 min, commencing within 2 h after RT
initiation, and maintained a maximum temperature of
42+0.5 °C. The concurrent chemotherapy encompassed
weekly administrations of cisplatin at a dose of 20 mg/m?
and docetaxel at a dose of 10-12 mg/m? over the course
of 6 weeks.

The RT planning included generating a CTV with a
10 mm margin around the GTV to account for poten-
tial microscopic disease using computed tomography
(CT) simulation. The planning target volume (PTV)
was created with a 3-5 mm margin around the GTV or
CTV. Risk organs were identified, and treatment plans
were generated using intensity-modulated radiotherapy
(IMRT) technique. The radiation therapy doses pre-
scribed to the PTV were as mentioned earlier, with allow-
able variations of up to plus or minus 10% in adherence
to the protocol. Any deviations from these prescribed
doses were explicitly permitted under two conditions: (1)
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when physicians observed potential suboptimal tumor
responses at 44 Gy in cumulative reirradiation doses,
indicating the need for dose escalation to improve ther-
apeutic outcomes; (2) when patients exhibited intoler-
ability to treatment-related toxicities, requiring dose
adjustments to maintain safety. For dose escalation deci-
sions, suboptimal tumor response was assessed based on
clinical examination, imaging findings (if available during
the treatment course), and multidisciplinary discussions.
All dose adjustments were documented in the patients’
treatment plans and reviewed by the radiation oncol-
ogy team to ensure consistency and adherence to proto-
col guidelines. The Pinnacle treatment planning system
(Philips, ADAC, Milpitas, CA) was used for treatment
planning. For IMRT re-irradiation, dose constraints for
organs at risk were carefully considered to balance effi-
cacy and safety. The cumulative dose to the spinal cord,
brainstem, optic apparatus, cochlea, mandible bone, and
carotid arteries should not exceed 54 Gy, 58 Gy, 58 Gy,
60 Gy, 114 Gy, and 120 Gy, respectively, with re-irradia-
tion doses limited to <6-10 Gy, <10-15 Gy, <8-10 Gy, <1
5 Gy, <54 Gy, and < 54 Gy, respectively. These constraints
were adjusted based on the patient’s prior treatment, the
prior dose and interval, tumor location, and specific fac-
tors, under the guidance of a multidisciplinary team.
Hyperthermia was administered using radiofrequency
(RF) capacitive devices, Thermotron RF-8 (Yamamoto
VINITA Co., Osaka, Japan), which is a well-established
treatment modality used in Japan since 1979 [22, 23]. The
size of electrodes was determined based on the tumor’s
location, depth, and size [24]. Briefly, for large and deep-
seated tumors, a pair of large electrodes was used; for
superficial tumors, a small electrode was coupled to the
lesions, opposing a larger electrode. By planning system
provided by Thermotron RF-8, CT simulation was used
for hyperthermia treatment planning to simulate an ade-
quate regional temperature distribution to cover all target
tumors including recurrent tumors and metastatic lymph
nodes if any. Among all patients, thermometry probes
were placed to monitor temperatures in tumor and nor-
mal tissues. For tumor sites, a sensor catheter with 4
thermometry points was placed to monitor intratumoral
or intracavitary temperature whenever possible consid-
ering the tumor location and the patient’s tolerability
and agreement to invasive measurement. Thermometry
probes were also placed on the surrounding normal tis-
sues and skin within the hyperthermia area to monitor
normal tissue and surface temperatures. The tempera-
ture was set not to exceed 43 °C. Heating power outputs
were gradually increased up according to patient’s toler-
ance. Patients were carefully instructed to mention any
unpleasant sensation suggestive of hot spots, such as
burning sensation, pressure or any pain. Patient-reported



Yang et al. Radiation Oncology (2025) 20:21

symptoms during hyperthermia sessions, such as dis-
comfort, burning sensations, or heat intolerance, were
systematically documented by trained staff in real-time,
both during and immediately after each session. When
patients reported symptoms that exceeded a subjec-
tively tolerable level, the heating power was temporar-
ily reduced, and the treatment area was reassessed for
hot spots or uneven heat distribution. In cases where
symptoms persisted despite adjustments, sessions were
paused or terminated based on clinical judgment. These
data were documented in patient records but were not
formally analyzed for this study, as the main study end-
points focused on treatment efficacy and safety rather
than patient-reported outcomes. Nonetheless, this feed-
back mechanism played a crucial role in ensuring patient
safety and optimizing the delivery of hyperthermia
treatment.

Assessment

Patients underwent a range of evaluations, including
history, physical examinations, Eastern Cooperative
Oncology Group (ECOG) performance status and blood
tests before and during the study. Image examinations
(CT, magnetic resonance imaging, or positron emission
tomography scan) and endoscopy were performed to
demonstrate a non-metastatic recurrent head and neck
cancer before study and to evaluate tumor response
at week 12. Tumor response rates were assessed using
Response Evaluation Criteria in Solid Tumors version
1.1, with a complete response (CR) indicating the com-
plete disappearance of all lesions. A partial response (PR)
was defined as at least a 30% reduction in the sum of
diameters of target lesions. Progressive disease (PD) was
defined as at least a 20% increase in the sum of diameters,
with a minimum absolute increase of 5 mm. Stable dis-
ease (SD) was assigned when neither a sufficient shrink-
age to qualify as a partial response nor an increase to
qualify as progressive disease was observed. All adverse
events, including treatment-related toxicities, were
assessed according to the Common Toxicity Criteria for
Adverse Events version 4.0. For toxicities of grade 3 or
lower, dose reduction or delay was allowed based on phy-
sician’s evaluation and the individual patient’s tolerability.
Hyperthermia combined with CCRT treatment was dis-
continued in the event of any grade 4 toxicities.

Statistics

This study employed a Gehan two-stage design to evalu-
ate the preliminary efficacy of the treatment. Initially, the
expected response rate was set at 40% (Peypectea=0-4)- In
the first stage, 6 patients (n; =6) were enrolled to rapidly
assess efficacy, with a 95.3% probability of observing at
least one response if the treatment’s true efficacy matched
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the expected value. Notably, 4 of the 6 patients in the first
stage responded, yielding an observed response rate of
67% (pobserved=0'67)'

The sample size for the second stage was determined
based on the observed response rate of 67% in the first
stage. Following Gehan’s original recommendation, the
upper bound of Wald-based confidence interval is often
used for efficiency in exploratory trials. To provide a
more robust evaluation of treatment efficacy, the upper
bound of the 80% Wald-based confidence interval for p,_
served Was adopted and calculated as:

Pupper = Pobserved T+ Z X SEobserved

where Z=1.2816 (for 80% confidence level) and the
standard error (SE) of the observed response rate:
SE observed = \/ Pobserved (1 — Pobserved) /11 Substituting
these values, p,,,.,=0.9161. To achieve a precision of 5%
(SEpyecision=0.05), the total sample size was calculated
using the formula:

Pupper(1 — Pupper)
SEprecision :\/ =i P i

where p,..,=0.9161. This resulted in 7=31. Account-
ing for an assumed 10% dropout rate, the final sample
size was adjusted to 7,4j,4eq=35 to ensure sufficient
power and precision to evaluate the treatment efficacy.
Since 6 patients were already enrolled in the first stage,
an additional 29 patients were recruited in the second
stage.

The primary endpoint was the overall response rate
(ORR), defined as the percentage of CR and PR case num-
bers among all patients at week 12. Descriptive statistics
were presented using percentages for categorical variables
and medians with the ranges included in parentheses for
continuous variables. Furthermore, we conducted analy-
ses of overall survival (OS) and progression-free survival
(PES) and meticulously recorded any observed toxicities.
Survival curves were generated and analyzed using the
Kaplan—Meier method, with the Log-rank test employed
to assess the statistical significance of differences between
subgroups. Statistical significance was set at a p-value
of<0.05 (two-tailed). All statistical analyses were carried
out using the Statistical Package for Social Sciences soft-
ware, version 20 (SPSS, Inc., Chicago, IL).

Results

In this study, a total of 35 eligible patients were
enrolled, representing a diverse cohort with a median
age of 61 years (ranging from 37 to 73 years). The
majority of the patients in the cohort were male,
accounting for 91.4% of the total, and all had an ECOG
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Table 1 Patient and disease characteristics (n=35)

Age, years, median (range) 61 (37-73)
Gender (Male: Female) 323
ECOG performance status

0-1 35 (100%)
2 0 (0%)
Original primary sites

Oral cavity 21 (60%)
Oropharynx, Hypopharynx or Larynx 7 (20%)
Nasopharynx or paranasal sinus 7 (20%)
Pathology type

Squamous cell carcinoma 28 (80%)
Undifferentiated carcinoma 7 (20%)
Treatment for original primary cancer

Surgery followed by RT 4(11.4%)
Surgery followed by CCRT 16 (45.7%)
Radiotherapy alone 3 (8.6%)
CCRT 12 (34.3%)
Previous RT details

Dose, Gy, median (range) 66 (60-74)
Fraction number, median (range) 33 (29-40)

Target volume

Primary site plus regional lymph nodes 33 (94.3%)

Primary site only 2 (5.7%)
Technique

IMRT 34(97.1%)

3D-CRT 1 (2.9%)

Interval from previous RT, months, median (range) 34.2 (6.1-242.3)
Recurrent sites for salvage
Local 16 (45.7%)
8(22.9%)

11(31.4%)

Regional
Local-regional

Values are number (percentage) unless otherwise noted

ECOG, Eastern Cooperative Oncology Group; RT, radiotherapy; CCRT, concurrent
chemoradiotherapy; IMRT, intensity-modulated radiotherapy; 3D-CRT,
3-dimensional conformal radiotherapy

performance status of less than 2 (Table 1). All partici-
pants had previously undergone RT for head and neck
cancer. The median previous radiation dose was 66 Gy
(range, 60-74 Gy) delivered in 33 fractions (range,
29-40). The median interval from previous RT was
34.2 months (range, 6.1-242.3 months). Among all 35
eligible patients, 33 (94.3%) previously received RT
to the local-regional area (primary site plus regional
lymph nodes) for their initial head and neck cancer,
while 2 (5.7%) were treated only to the primary site.
Regarding the technique used in the initial RT, 34
patients (97.1%) were treated with intensity-modulated
radiotherapy (IMRT), and 1 patient (2.9%) was treated
with 3-dimensional conformal radiotherapy (3D-CRT).
The oral cavity was the most prevalent primary tumor
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site, accounting for 21 cases (60%). The most com-
mon recurrence patterns were local recurrence in 16
patients (45.7%) and locoregional recurrence in 11
patients (31.4%).

The adherence to the study protocol was commend-
able, with most patients successfully completing the
proposed treatment regimen. Specifically, the median
RT doses and fractions administered were 50 Gy and
22 fractions, respectively. Nine patients were adminis-
tered radiation therapy doses exceeding the protocol’s
recommended levels, based on physicians’ observa-
tions of potential suboptimal tumor responses during
treatment, as permitted by the protocol. A substantial
number of patients adhered to the concurrent chemo-
therapy regimen as outlined in the protocol. Merely 3
patients did not receive cisplatin, and another 8 patients
eventually did not receive docetaxel. Nevertheless,
all patients received at least one of the chemotherapy
agents defined by the protocol. Remarkably, the median
count of weekly hyperthermia sessions was 6, with a

Table 2 Treatment details (n=35)

Radiotherapy

Dose, Gy, median (range) 50 (48-64)
Fraction number, median (range) 22 (21-29)
Duration, days, median (range) 36 (30-53)
Chemotherapy
Weekly cycles, median (range) 6 (1-6)

6 cycles 22

5 cycles 7

3to4cycles 5

110 2 cycles 1
Cisplatin (yes: no) 323
Docetaxel (yes: no) 26:8
Hyperthermia
Weekly cycles, median (range) 6 (4-6)

6 cycles 31

5 cycles 3

4 cycles 1
Values are number unless otherwise noted
Table 3 Tumor response (n=35)
Complete response (CR) 19 (54.3%)
Partial response (PR) 10 (28.6%)
Stable disease (SD) 4 (11.4%)
Progressive disease (PD) 2 (5.7%)
Overall response rate (CR+PR), % 82.9%
Disease control rate (CR+PR+5SD), % 94.3%

Values are number (percentage) unless otherwise noted
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minimum of 4 sessions recorded (Table 2). Specifically,
31 patients successfully completed the full course of 6
hyperthermia sessions, while 3 patients received 5 ses-
sions, and only 1 patient underwent 4 sessions.

The treatment outcomes were promising, with an
impressive ORR of 82.9% (Table 3). Among these
responses, 54.3% achieved a CR, while 28.6% expe-
rienced a PR. Additionally, 11.4% of patients had SD,
and only 5.7% exhibited PD. After a median follow-
up duration of 2.7 years, the median OS reached
32.8 months (95% confidence interval [CI], 16.7 —
48.9), with the 1-year OS rate of 80.0% (95% CI, 66.7
— 93.3) and the 2-year OS rate of 57.1% (95% CI, 40.6
— 73.6) (Fig. 1la). The study also reported a median
progression-free survival (PFS) of 14.9 months (95%
CI, 5.7 — 24.1), with a 2-year PFS of 34.3% (95% CI,
18.6 — 50.0) (Fig. 2). The median time to progression
(TTP) was found to be 34.9 months. Interestingly,
the 2-year rates of local-regional failure and distant
metastasis were identified as 41.5% and 17.2%, respec-
tively. The median survival of patients who achieved a
CR was not reached, in contrast to the median survival
of 12.2 months observed in non-CR patients (p < 0.001)
(Fig. 1b).

In terms of treatment-related toxicities (Table 4), the
study demonstrated that most patients experienced
low-grade acute mucositis, with 68.6% classified as
grade 0-1, 25.7% at grade 2, and a small proportion at
grade 3 (5.7%). Notably, no patients exhibited severe
grade 4—5 mucositis. Acute dermatitis was similarly
manageable, with 85.7% of patients graded at 0-1,
14.3% at grade 2, and none at the more severe grade
3-5. Skin erythematous change within the hyperther-
mia area was often observed for 1 or 2 h following
treatment, but no definite burn injury occurred among
all patients. Hematological toxicities included grade
3—4 leucopenia in 14.3% of cases, while anemia and
thrombocytopenia were each observed at this grade
in 14.3% and 8.6% of patients, respectively. Among the
patients who experienced grade 3—4 hematological tox-
icities (leucopenia, anemia, or thrombocytopenia), the
median number of days of treatment interruption was
3 days (range: 1-15 days). About late treatment-related
toxicities, it is noteworthy that only 12 cases of oste-
onecrosis were reported, despite all patients having
a history of prior radiotherapy. Additionally, severe
fibrosis was observed in 9 cases, while 12 cases exhib-
ited local infection. Two unique cases of late toxicities
were documented, including one instance of carotid
blowout and another of brain necrosis. The patient who
experienced a carotid blowout was successfully rescued
through embolization treatment and notably achieved
a complete response, still being alive at the time of data
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analysis. The patient with brain necrosis experienced
dizziness and was diagnosed via MRI showing temporal
lobe necrosis near the re-irradiated field. The symptom
improved with steroid therapy, and the patient remains
alive with a complete response and no recurrence.
Fortunately, no cases of severe grade 5 toxicity were
observed throughout the study.

Discussion

Recurrence and metastasis in head and neck cancer
pose significant challenges, especially with locoregional
recurrence being a prevalent issue. Despite various avail-
able options, the prognosis for recurrent head and neck
cancer is often poor, with a median overall survival of 6
to 12 months [1-5]. In recent multi-institution cohort
studies, salvage re-irradiation utilizing IMRT with a
median dose of 60 Gy achieved a median survival of over
1 year and a 2-year survival rate of approximately 40% in
patients with unresectable recurrent head and neck can-
cer [6, 25]. However, there is room for improvement.

In our present study, the introduction of hyperthermia
into salvage CCRT utilizing IMRT has yielded remarkable
improvements in the treatment of patients with recur-
rent head and neck cancer. The rationale for selecting the
protocol treatment in this phase II study was based on
the fact that most patients with recurrent head and neck
cancer had a history of prior irradiation, making a total
radiation dose of 50 Gy relatively safe for re-irradiation.
The study adhered to standard oncology guidelines and
previous research endorsing regimens involving cisplatin
or carboplatin combined with docetaxel or paclitaxel for
recurrent head and neck cancer [21, 26-31]. Weekly cis-
platin (2025 mg/m?) and docetaxel (10-12 mg/m?) were
selected based on the regimen from a Japanese study [21]
that combined hyperthermia with CCRT for advanced
head and neck cancer. While the Japanese study used
superselective intra-arterial chemotherapy, our study
employed intravenous administration. Despite this dif-
ference, our study achieved comparable tumor response
rates, underscoring that the route of chemotherapy
delivery may not significantly influence treatment effi-
cacy when combined with hyperthermia. Consider-
ing the conservative doses of chemoradiotherapy, the
addition of hyperthermia offered a biologically distinct
treatment modality that could potentially enhance onco-
logical outcomes. Even when combined with low-dose
CCRT, the tumor response rate in this approach has been
impressively high, resulting in a median survival time of
32.8 months and 2-year OS of 57.1%, which substantially
outperforms historical outcomes in recurrent head and
neck cancer. These results highlight the potential effi-
cacy of adding hyperthermia to CCRT. This significant
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Fig. 1 Overall survival (OS). a All patients. b Patients with complete response (CR) versus non-CR. OS=overall survival; CR=complete response;

Cl=confidence interval
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Table 4 Treatment-related Toxicities (n=35)
Acute Toxicities Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
mucositis 10 14 9 2 0
dermatitis 17 13 5 0 0
nausea/vomiting 30 3 2 0 0
leucopenia 13 3 14 4 1
anemia 4 16 10 5 0
thrombocytopenia 28 4 0 1 2

Late Toxicities

Patient number

osteonecrosis
severe fibrosis
local infection
carotid blowout
brain necrosis

12
9
12
1
1

Values are number unless otherwise noted

enhancement in treatment efficacy can be attributed to
various key factors.

Importantly, the results from our study revealed an
ORR exceeding 80%, surpassing outcomes typically
achieved with systemic therapy alone. The observed
heightened response rate can be conventionally

explained by the well-documented phenomenon of
chemoradiosensitization induced by hyperthermia [32,
33]. The application of hyperthermia during CCRT likely
renders cancer cells more susceptible to the treatment’s
cytotoxic effects, contributing to the increased response
rate. Moreover, the notion of radiosensitization is further
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supported by a stronger B-enhancement factor 1.3-7.0
than a-enhancement factor 0.3-1.8 in temperature of
41 °C [34], emphasizing the pivotal role of the upfront
boost using 5 Gy per fraction with hyperthermia in aug-
menting the treatment effectiveness.

It is noteworthy that head and neck cancer often fosters
an immunosuppressive microenvironment characterized
by impaired tumor-infiltrating T lymphocytes, dimin-
ished natural killer (NK) cell activity, and reduced abso-
lute lymphocyte counts. [35-37]. While immunotherapy
utilizing immune checkpoint inhibitors has exhibited
promise for recurrent and metastatic head and neck can-
cer [3], its substantial financial burden may pose a con-
straint for many patients. Hyperthermia has emerged as
a promising strategy, not only sensitizing chemoradio-
therapy but also demonstrating potential as an immune-
stimulating approach, as supported by preclinical data
[38, 39]. Hyperthermia has been shown to promote
immune responses through several mechanisms. It can
enhance the immunogenicity of tumor cells by increasing
the expression of heat shock proteins (HSPs), which can
facilitate the presentation of tumor antigens to immune
cells, thereby enhancing dendritic cell activity and T-cell-
mediated immunity. Additionally, hyperthermia can
increase tumor perfusion, facilitating immune cell traf-
ficking and delivery of therapeutic agents to the tumor
site. The immunomodulatory effects of hyperthermia
can create a more favorable microenvironment for the
immune system to target and eliminate cancer cells. This
immune-stimulating component of hyperthermia could
potentially improve response rate and yield unexpected
survival benefits. Our study revealed a remarkable sur-
vival profile, exhibiting a characteristic plateau in the tail
of the overall survival curve comparable to that observed
with immunotherapy. Conversely, hyperthermia appears
to present a more cost-effective alternative. Future stud-
ies could explore biomarkers to predict response to
hyperthermia and its role in immune modulation. Ele-
vated levels of heat shock proteins (e.g.,, HSP70) may
indicate enhanced immune activation, while the den-
sity of tumor-infiltrating lymphocytes, such as cytotoxic
T lymphocytes and regulatory T cells, could reflect the
immune response to treatment. Serum cytokine profiles,
including IL-6, TNF-q, and IFN-y, might provide insights
into inflammatory and immune activation. Additionally,
evaluating PD-L1 expression could help identify patients
who may benefit from combining hyperthermia with
immunotherapy.

A study by Saba et al. [40] on IMRT reirradiation com-
bined with nivolumab for recurrent or second primary
head and neck squamous cell carcinoma, including more
than 70% of their patients undergoing salvage surgery
before reirradiation, has shown promising results in
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improving outcomes, with 1- and 2-year and PFS rates of
61.7% and 43.2% respectively, whereas 1- and 2-year OS
rates were 84.4% and 48.4% respectively. This suggests
that reirradiation, coupled with immune checkpoint
inhibitors, may enhance treatment efficacy. However,
considering our trial enrolled only patients with unre-
sectable diseases, our 2-year PFS of 34.3% and 2-year
OS of 57.1% were still deemed comparable. While we
focused on hyperthermia as an adjunct, future studies
could investigate the potential synergistic effect of com-
bining hyperthermia with immunotherapy agents such as
nivolumab to further improve outcomes in this challeng-
ing population.

Our findings should be considered within the context
of evolving reirradiation strategies, including high-dose
CCRT [1, 5, 6], stereotactic body radiotherapy (SBRT)
[25, 41], and particle therapy [42-45], which reported
median survival times ranging from 8 to 26 months. Pro-
ton therapy, in particular, provides a precise dose distri-
bution with reduced exposure to surrounding healthy
tissues, making it a promising option for patients with
prior radiation. In a recent study by Lee et al. [45], pro-
ton therapy reirradiation was evaluated in 242 patients
with recurrent head and neck squamous cell carcinoma,
40.5% of whom underwent salvage surgery prior to reir-
radiation. Among those treated with fractionated proton
therapy, 1-year local control and overall survival rates
were 71.8% and 66.6%, respectively, with higher perfor-
mance status and prior salvage surgery correlating with
improved survival. Our study demonstrated impres-
sive efficacy by incorporating hyperthermia into salvage
CCRT, achieving a median OS of 32.8 months and a
1-year OS rate of 80%. This approach offers comparable
survival outcomes and represents a practical alternative
in resource-limited settings where advanced treatment
modalities may not be readily available. Future trials
should explore the potential synergy between hyperther-
mia and advanced radiotherapy techniques like proton
therapy to further optimize outcomes and minimize tox-
icities in this challenging patient population.

In our study, the high proportion of oral cavity cases
(60%) likely reflects the predominance of head and neck
cancers originating in the oral cavity in our region, influ-
enced by prevalent risk factors such as betel nut chewing,
smoking, and alcohol consumption. These factors signifi-
cantly contribute to the elevated incidence of oral cavity
tumors in our patient population. Additionally, inoper-
ability was a notable factor, as many patients with recur-
rent oral cavity tumors presented with advanced disease
involving critical structures or had significant comor-
bidities, making them unsuitable candidates for salvage
surgery. Managing recurrent tumors in the oral cavity
poses unique difficulties, including issues with achieving
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uniform heat distribution due to anatomical constraints
and potential discomfort for patients. Despite these
challenges, we optimized hyperthermia delivery using
customized applicators and closely monitored patient
tolerance during treatment sessions. Our results indi-
cate that the integration of hyperthermia was feasible and
effective even for oral cavity tumors.

Furthermore, the treatment-related toxicities observed
in our study were manageable, enhancing the attractive-
ness of this therapeutic approach. The acute toxicities
during the treatment course were tolerable, with the
majority of patients completing the protocol treatment,
underscoring the practicality of this approach. Although
it was common to observe erythematous skin reaction
shortly after hyperthermia, we did not notice definite
skin burn injury or exacerbation of radiation dermatitis
caused by hyperthermia. Notably, the compliance with
hyperthermia was outstanding, as 97% of patients suc-
cessfully completed 5 to 6 cycles of sessions, surpassing
that observed with chemotherapy. Despite all patients
having a history of prior radiotherapy, the incidence of
osteonecrosis and severe late complications was lower
than anticipated. Our study also highlighted the accept-
able tolerance among patients with a history of intensive
treatments. To address the increased risk of osteonecro-
sis associated with re-irradiation in the head and neck
region, we emphasize the need for comprehensive moni-
toring and preventive strategies, which can guide future
studies and clinical practice. These strategies include
regular imaging for early detection, periodic bone den-
sity assessments, and optimizing radiation fields using
advanced techniques such as proton therapy. A multidis-
ciplinary approach involving radiation oncologists and
other specialists is crucial for effective management and
better patient outcomes.

The study is subject to several limitations, including its
single-arm design, a restricted follow-up duration, and a
relatively small sample size. Challenges in patient accrual
may be attributed to strict adherence to the protocol,
underscoring the importance of maintaining study qual-
ity. A more comprehensive interpretation will be possible
with long-term follow-up or through the execution of a
randomized study. Indeed, we are currently engaged in a
randomized controlled phase 3 study that directly com-
pares salvage CCRT with or without hyperthermia for
patients with previously irradiated non-metastatic recur-
rent head and neck cancer. This endeavor necessitates a
significantly larger number of participants.

Conclusion

In conclusion, the combination of hyperthermia with
CCRT initiated with an upfront boost represents a
promising approach for recurrent head and neck cancer,
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offering a high response rate, manageable side effects,
and an encouraging survival benefit. This strategy holds
potential as a valuable addition to the armamentarium
against this challenging disease, providing hope for
patients with limited treatment options and poor prog-
noses. Further research is warranted to validate these
findings and explore their broader applicability in clinical
practice.
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