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Abstract 

Most of the patients with oral and maxillofacial malignancy are in the middle and advanced stages at diagnosis and 
the incidence rate is increasing in recent years. Chemotherapy alone is difficult to benefit the survival of patients with 
advanced oral and maxillofacial malignancy. Ultrasound hyperthermia is a new and effective treatment for malignant 
tumor, which is developing rapidly in addition to conventional treatment. However, at present, ultrasound hyper-
thermia has not been widely used in the treatment of oral and maxillofacial malignancy. Therefore, formation of a 
guideline on ultrasound hyperthermia for oral and maxillofacial malignancy is mandatory, in order to promote and 
standardize the clinical practice of ultrasound hyperthermia in this field, and improve the long-term survival rate and 
quality of life of patients.

Keywords Oral and maxillofacial malignancy, Ultrasound hyperthermia, Combination therapy, Cavitation effect, 
Guideline

*Correspondence:
Wei Guo
guoweicn@sjtu.edu.cn
1 Department of Oral Maxillofacial-Head and Neck Oncology, Shanghai 
Ninth People’s Hospital, Shanghai Jiao Tong University School 
of Medicine, Shanghai 200011, China
2 Department of Oral and Maxillofacial Surgery, School of Stomatology, 
Air Force Military Medical University, Xi’an 710032, Shaanxi Province, 
China
3 Department of Oral and Maxillofacial Surgery, Xiangya School 
of Stomatology, Central South University, Changsha 410013, Hunan 
Province, China
4 Department of Radiotherapy, the First Affiliated Hospital of Zhengzhou 
University, Zhengzhou 450052, Henan Province, China
5 Department of Oral and Maxillofacial Surgery, the First Affiliated Hospital 
of Sun Yat Sen University, Guangzhou 510080, Guangdong Province, 
China
6 Department of Oral and Maxillofacial Headd Neck Oncology, School 
and Hospital of Stomatology, Wuhan University, Wuhan 430079, China
7 Department of Oral and Maxillofacial Surgery, the Affiliated Hospital 
of Qingdao University Medical College, Qingdao 266000, Shandong 
Province, China
8 Department of Oral and Maxillofacial Surgery, the Affiliated Hospital 
of Xuzhou Medical University, Xuzhou 221009, Jiangsu Province, China

9 Department of Oral and Maxillofacial Surgery, Stomatological Hospital 
Affiliated to Nanjing Medical University, Nanjing 210029, Jiangsu Province, 
China
10 Department of Oral and Maxillofacial Surgery, the First Medical Center 
of Chinese, PLA General Hospital, Beijing, China
11 Department of Oral and Maxillofacial Surgery, First Hospital Affiliated 
to Chongqing Medical University, Chongqing 400016, China
12 Department of Head and Neck Surgery, Gansu Cancer Hospital, 
Lanzhou 730050, Gansu Province, China
13 Department of Oral and Maxillofacial Surgery, The First Affiliated 
Hospital of Fujian Medical University, Fuzhou, China
14 Department of Stomatology, The First Affiliated Hospital of Nanchang 
University, Nanchang, Jiangxi 330006, China
15 Department of Biomedical Engineering, College of Future Technology, 
Peking University, Beijing 100871, China

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s44178-023-00033-0&domain=pdf


Page 2 of 7Ju et al. Holistic Integrative Oncology            (2023) 2:10 

Oral cancer included cancers of the mucosa occurring in 
the buccal, floor of the mouth, anterior 2/3 of the tongue, 
gingiva, posterior triangle of the molar teeth, and hard 
palate area, and squamous cell carcinoma is the most 
common subtype [1, 2]. In recent years, the incidence of 
oral squamous cell carcinoma has been increasing year 
by year, and most patients diagnosed are in the middle 
and late stages of malignancy. Patients with advanced 
tumors often cause facial disfigurement and dysfunction, 
and the quality of survival is significantly reduced, and 
most miss the timing of surgery. With the gradual devel-
opment of integrated therapies such as surgery, radio-
therapy, chemotherapy and biotherapy for advanced oral 
cancer, the quality of life of patients has been significantly 
improved, although the long-term efficacy has not been 
substantially improved [3]. Therefore, various integrative 
therapies have been increasingly emphasized in the treat-
ment of advanced malignancies.

However, chemotherapy alone provides limited benefit 
in advanced oral and maxillofacial head and neck tumors. 
A single-center study of 256 cases of primary advanced 
oral cancer in China showed that TPF regimen (doc-
etaxel 75 mg/m2 d1, cisplatin 75 mg/m2 d1, fluorouracil 
750 mg/m2 d1-5, once every three weeks for two cycles) 
induction chemotherapy only improved the overall sur-
vival and disease-free survival of patients with locally 
advanced oral squamous carcinoma who were treated 
effectively [4]. Therefore, how to improve the response 
rate of induction chemotherapy is an important way to 
improve the overall outcome of advanced oral cancer. 
Hyperthermia is a fast-developing technique with a high 
safety profile, and is considered a new effective treat-
ment for malignant tumors after surgical treatment, 
radiotherapy, chemotherapy and biologically targeted 
therapy. Hyperthermia has demonstrated better efficacy 
in a variety of solid tumors and can significantly improve 
the near-term outcome and long-term survival rate of 
patients; at the same time, hyperthermia can effectively 
increase the killing power of chemotherapeutic drugs on 
tumor cells and promote apoptosis of tumor cells, so that 
some patients with advanced squamous carcinoma of the 
oral and maxillofacial region who are not clinically indi-
cated for surgery can regain the indication for surgery 
and improve the quality of survival [5].

Ultrasound is one of the fastest growing and increas-
ingly valued heating technologies, and countries are com-
peting to study the relevant techniques and equipment, 
and there have been reports of its application to the clinic 
[6]. However, ultrasound hyperthermia is still far from 
popular in the field of oral and maxillofacial head and 
neck tumors, and there is no guideline or clinical appli-
cation guidelines for ultrasound hyperthermia including 
oral squamous carcinoma. Therefore, it is of great clinical 

significance to develop an guideline on ultrasound hyper-
thermia for oral and maxillofacial head and neck tumors 
in a timely manner. In view of this, based on the research 
results of ultrasound hyperthermia at home and abroad, 
and taking into account the current medical situation in 
China, the Special Committee on Integrative Medicine 
for Oral and Maxillofacial Tumors of China Anti-Can-
cer Association organized relevant experts to discuss 
and formulate the "Guideline on Clinical Application of 
Ultrasound Hyperthermia for Squamous Oral and Maxil-
lofacial Head and Neck Cancers", aiming to promote and 
standardize the clinical practice of ultrasound hyperther-
mia in this field. The aim is to promote and standardize 
the clinical practice of ultrasound hyperthermia in this 
field for the benefit of patients with oral and maxillofacial 
malignancies.

1  Mechanism of ultrasound hyperthermia
Hyperthermia therapy (HT) is a method to kill tumor 
cells by selectively heating the tumor to the therapeu-
tic temperature (40–44  °C) through a physical heating 
device. Compared with other heating methods such as 
microwave and radiofrequency, ultrasound has many 
advantages such as good directivity, strong penetra-
tion, and no electromagnetic radiation, while it is easy 
to achieve uniform heating of tumor tissues [7, 8]. In 
addition, ultrasound hyperthermia technology has cer-
tain intrinsic characteristics that can design the thermal 
field pattern according to the shape and extent of the 
treatment area, so that the target area can be uniformly 
heated, and the temperature can be accurately measured 
[9]. Therefore, ultrasound hyperthermia can effectively 
treat surface and superficial oral and maxillofacial tumors 
without electromagnetic interference and reflection dur-
ing the treatment process, and it is convenient for tem-
perature measurement by probes.

The anti-cancer mechanism of ultrasound hyperther-
mia includes the following aspects (Fig.  1): ① Direct 
cytotoxic effect of heat. Warm heat (42 ± 1℃) can act 
on cell membrane, cytoskeleton system (ribosome, lyso-
some, rough endoplasmic reticulum, etc.) to increase the 
permeability of cells, followed by inactivation of some 
enzymes related to cell metabolism, and finally cause 
apoptosis. This effect is especially obvious for cells in 
hypoxic, malnourished and low pH environments. Due to 
the specificity of tissue structure, cells within the tumor 
are often in this microenvironment and therefore are also 
more sensitive to heat, making heat therapy selectively 
antitumor. ② Synergistic antitumor effect with radiother-
apy. 1) Sensitizing effect, in addition to preventing tumor 
cells from repairing various damages caused by radiation 
and chemical drugs, heat therapy can also release tumor 
cells from resistance to radiotherapy + chemotherapy. It 
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is generally believed that by increasing the partial pres-
sure of oxygen in tissues, oxygen-depleted cells that are 
not sensitive to radiotherapy become sensitive to radia-
tion, and by changing the permeability of cell membranes 
to improve drug absorption and alter drug metabolism, 
etc., the cytotoxic effect of chemotherapy drugs can be 
improved, so that certain chemotherapy drug-resistant 
tumor cells become sensitive to drugs. 2) Complemen-
tary effect, when heat therapy is applied, only effective 
temperature and sufficient time can be achieved to kill 
the tumor cells. Due to the heterogeneity of body tissues 
and abnormal blood circulation in tumor tissues, it is 
difficult to heat the tumor evenly, especially the periph-
eral area often cannot reach the treatment temperature. 
The tumor cells in the central area of the tumor are not 
sensitive to radiotherapy due to lack of oxygen and hypo-
trophy; similarly, in chemotherapy, the drugs can easily 
reach and act on the peripheral area of the tumor but not 
easily penetrate to the central part. Conversely, the local 
fibrosis and blood flow disorders of the tumor caused by 
radiotherapy aggravate the tumor hypoxia, low pH and 
hypotrophy, and increase the thermal sensitivity of tumor 

cells in this microenvironment. In addition, in terms 
of the temporal phase of the cell proliferation cycle, 
M-phase cells are the most sensitive to radiation and 
S-phase cells mostly show resistance to radiation; and 
warmth has the strongest killing effect on S-phase cells 
[10]. All of these indicate that heat therapy has multiple 
complementary advantages and the rationality of com-
bined application with chemotherapy and radiotherapy.

When the sound intensity of ultrasound is low, the 
warm-heat effect is dominant; at high sound intensity, 
the instantaneous cavitation effect is dominant. Within 
a certain range, as the sound intensity increases, the 
mechanical effect and cavitation effect also increase. 
Therefore, the therapeutic effect of ultrasound hyper-
thermia on tumor can be stronger than that of simple 
heating treatment. The reason is that ultrasound is a 
form of fluctuation and its vibration can cause biological 
macromolecules, cells and tissue structures to be in an 
intense mechanical field of motion, thus causing changes 
in their structure and function. Ultrasound is also a form 
of energy, due to vibration and temperature rise, causing 
cell membrane damage or enhancing lysosomal activity 

Fig. 1 The anti-cancer regulation mechanism of ultrasound hyperthermia
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and protein damage, thus causing cell death. Due to the 
presence of tiny bubbles in the tissue, ultrasound can 
cause temperature rise in and around the tiny bubbles, 
and the oxygen radicals generated as well as the high-
speed microthermal flow cause serious damage or even 
destruction to the cells [11, 12]. Therefore, in addition 
to thermal effects, there are multiple therapeutic effects 
during ultrasound hyperthermia, and its killing effect on 
tumor cells is the result of multiple effects together.

Ultrasound hyperthermia is a non-invasive, mini-
mally invasive and highly effective physiotherapy tech-
nique that uses the characteristics of biological tissues to 
absorb ultrasound energy to increase their own tempera-
ture, which can kill lesioned tissues by high temperature 
or induce recovery by low temperature. Bai et  al. found 
that tumor ultrasound hyperthermia can directly kill 
tumor cells; it can also decrease mitochondrial mem-
brane potential and destroy cell membrane integrity, 
thus inducing and accelerate tumor cell apoptosis; inhibit 
angiogenesis in tumor, which in turn decreases tumor 
T-stage and shrinks tumor [13]. Local heat therapy can 
increase blood circulation and enhance cell membrane 
permeability, which increases the concentration of local 
chemotherapeutic drugs and further enhances the effect 
of chemotherapy. In addition, Wang et  al. confirmed 
that TRIF-NF-γB pathway was significantly inhibited in 
oral squamous carcinoma cells treated with ultrasound 
hyperthermia at 42 ℃ for 30–60 min. [14] Ju et al. found 
that ultrasound hyperthermia had a chemosensitiz-
ing effect on oral squamous carcinoma cells in  vitro. Ju 
et al. also observed that chemotherapeutic drugs exerted 
highest inhibition effect on tumor cells when the heating 
temperature increased to 42 ℃ and the duration heating-
time reached 45  min [15, 16]. All these results indicate 
that ultrasound hyperthermia could sensitize chemother-
apy, and ultrasound hyperthermia has a positive role in 
the comprehensive treatment of malignant tumors.

The palliative effect of ultrasound hyperthermia on 
advanced tumors should not be neglected either, espe-
cially the effect on cancer pain relief. Pain affects the eat-
ing, sleeping and mental status of patients with advanced 
malignant tumors to varying degrees, which seriously 
reduces the quality of life of patients, and sometimes it 
is not relieved even with pharmacological analgesic treat-
ment. After the treatment, the pain was significantly 
relieved. The mechanism of the palliative effect of heat 
therapy is still unclear and needs further study.

2  Clinical rationale for ultrasound hyperthermia 
for oral and maxillofacial head and neck tumors

Amichetti et al. used a preoperative hyperthermia regi-
men including: cisplatin 20  mg/m2/w + hyperthermia 
42.5  °C/30  min + radiotherapy 2  Gy × 5 × 7  weeks in 

18 patients with advanced head and neck squamous 
carcinoma and achieved a remission rate of 88.8%, 
including complete response (CR) rate of 66.6% [17]. 
Nagashima et al. applied hyperthermia to treat patients 
with advanced head and neck squamous carcinoma 
and compared the efficacy with that of patients with 
advanced head and neck squamous carcinoma treated 
with radiotherapy alone, and showed that hyperthermia 
had significant advantages in terms of overall remission 
rate, CR rate, and long-term survival [18], indicating 
that hyperthermia not only improves local control and 
resectability rate, but also disease-free and overall sur-
vival rate. In a randomized controlled phase I/II clini-
cal trial of ultrasound hyperthermia for advanced head 
and neck squamous carcinoma, Guoxin Ren et al. found 
that patients in the ultrasound hyperthermia group had 
significantly higher efficiency compared with the chem-
otherapy alone group, and six patients with advanced 
unresectable head and neck squamous carcinoma 
regained surgical indications without serious toxic side 
effects associated with ultrasound hyperthermia [19]. In 
an ongoing prospective, randomized, multicenter phase 
II clinical trial of an ultrasound hyperthermia system 
for the treatment of locally advanced oral squamous 
carcinoma (registration number: ChiCTR1800014391), 
a total of 120 patients with oral squamous carci-
noma whose clinical stage was consistent with locally 
advanced resectable (AJCC stage III to IVa) were 
enrolled in 3 study centers. The trial group was treated 
with ultrasound tumor hyperthermia combined with 
TPF regimen for induction chemotherapy, and the 
control group was treated with TPF regimen alone for 
induction chemotherapy at 42 ± 1  °C with a heating 
time of 45  min, with 1 cycle every 21  days for a total 
of 2 cycles, and surgery within 2 weeks after induction 
chemotherapy with postoperative supplemental radio-
therapy. At present, all enrolled patients have completed 
the treatment plan and entered the long-term follow-up 
phase. Preliminary results showed that the recent effi-
cacy of patients in the experimental group was signifi-
cantly improved, with a recent remission rate of 64.4% 
in the experimental group and 42.4% in the control 
group, an improvement of about 22%. The 2-year dis-
ease free survival (DFS) of patients in the ultrasound 
hyperthermia group was significantly prolonged, and 
only 2 patients developed superficial II degree skin 
burns, and the systemic toxic side effects of hyperther-
mia were dominated by bone marrow The systemic side 
effects of hyperthermia were mainly bone marrow sup-
pression and gastrointestinal reactions, which were not 
aggravated compared with chemotherapy alone. This 
indicates that ultrasound hyperthermia has a good pro-
motion prospect in oral squamous carcinoma.
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3  Indications and contraindications of ultrasound 
hyperthermia for oral and maxillofacial head 
and neck tumors

3.1  Indications

(1) Advanced oral maxillofacial-head and neck 
malignant tumors (T1-3N1M0, T4aN0-1M0 or 
T1-4aN2M0) that require preoperative or pre-radi-
otherapy induction chemotherapy can be combined 
with local ultrasound hyperthermia therapy to 
downgrade the clinical stage and improve the surgi-
cal cure rate as much as possible.

(2) Salvage treatment of advanced inoperable head and 
neck malignancies (T1-4cN3M0 or T4b N1-3M0), 
which can control the primary foci or neck metasta-
ses, reduce pain and other symptoms, and improve 
the quality of life through ultrasound hyperthermia.

(3) There is a palpable mass as the heating target area, with 
normal surface skin and a depth of no more than 5 cm, 
and no cavity or bone tissue obscured in the access.

3.2  Contraindications

(1) Skin breakdown on the surface of the tumor in the area 
to be treated with heat; or severe radiation injury; or 
extensive postoperative skin scarring; or the presence of 
titanium plates, implants, or metal crown restorations.

(2) Dull pain response and loss of sensation in the skin 
of the anticipated therapeutic access.

(3) Have significant organ failure that cannot tolerate 
treatment.

(4) Tumors containing air cavity organs.
(5) Those with venous emboli in the ultrasound-treated 

access, or significant calcification in the arterial ves-
sel wall in the access.

(6) Extent of tumor that cannot be clearly visualized by 
an on-board localization imaging system.

(7) Those with severe coagulation dysfunction, bleed-
ing tendency.

(8) Having severe infection, fever and other complications.
(9) Poor compliance, unable to cooperate with the 

completion of treatment.

4  Recommended drugs, drug delivery 
method and heating temperature and time 
for ultrasound hyperthermia for oral 
and maxillofacial head and neck tumor patients

4.1  Heating process
4.1.1  Patient preparation
Before treatment, systemic and specialized examina-
tions of important organs of the patient’s whole body 

and other related laboratory tests such as blood rou-
tine and blood biochemistry are conducted to exclude 
contraindications to combined treatment with hyper-
thermia and chemotherapy. For patients with, for 
example, low white blood cells, abnormal liver and 
kidney functions, treatment should be carried out 
only after symptomatic treatment and restoration of 
normalcy. The type of pathology must be determined 
by biopsy before hyperthermia. The tumor volume 
and scope must be measured with the help of imag-
ing examination before and after the heat therapy in 
order to judge the efficacy.

4.1.2  Heating process
In hyperthermia, local heating is usually started 30 min 
after the infusion of chemotherapeutic drugs to achieve 
the purpose of simultaneous hyperthermia. The expert 
group recommends ultrasound hyperthermia instru-
ment heating temperature of 42℃ ± 1℃, heating time 
of 30 ~ 45  min, and output power of 25W. In order to 
prevent the occurrence of thermal tolerance, the inter-
val between 2 hyperthermia sessions is 48 h, and ultra-
sound hyperthermia is recommended for 1 cycle for 
treatment d1, d3, d5, d7, and d9.

4.2  Recommended chemotherapeutic drugs and regimens
The drugs used for ultrasound hyperthermia should 
be the first-line drugs used clinically for the treatment 
of oral squamous carcinoma, and the synergistic effect 
with hyperthermia has been confirmed in basic exper-
iments. Based on this principle, the panel recom-
mends the (docetaxel + cisplatin + 5-Fu) TPF regimen 
as the first-line regimen for ultrasound hyperthermia, 
and the second-line drugs can be methotrexate, bleo-
mycin, nedaplatin, etc. Other recommended combi-
nation chemotherapy regimens are: cisplatin + 5-Fu 
(PF regimen), docetaxel + cisplatin (TP regimen). 
The above regimens can be selected on a case-by-case 
basis, but the TPF regimen is recommended in pref-
erence to neoadjuvant chemotherapy and sequential 
chemotherapy, and the PF or TP regimen is recom-
mended in preference to combined radiotherapy or 
targeted therapy [20].

4.3  Precautions during ultrasound hyperthermia

(1) Keep the wound clean and routinely disinfect it 
before and after treatment.

(2) Local skin scalding blisters during treatment should 
be treated promptly and treatment should be sus-
pended if necessary.
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(3) Regularly review for the first 1 to 2  months after 
surgery to evaluate treatment effects and adverse 
reactions.

(4) The scanning range should generally exceed 2 mm 
beyond the lesion margin.

(5) Attention should be paid to rest and reasonable diet 
and nutrition during the treatment.

(6) Fever care: for those who have low fever after treat-
ment, no special treatment can be given; if the body 
temperature is greater than 38℃, heating treatment 
should be suspended. For those who sweat a lot, 
attention should be paid to rehydration to prevent 
accidents such as deficiency.

(7) The heating temperature must be monitored dur-
ing the heat therapy, and the patient’s reaction must 
be observed to avoid local burns. Since the patient’s 
subjective response such as pain is crucial to the 
prevention of local burns, local hyperthermia is 
generally not used for anesthesia.

(8) Ultrasound hyperthermia does not require elec-
tromagnetic radiation, so it does not need to be 
performed in a special shielded room. Health care 
workers and patients do not need to wear protec-
tive clothing, hats, glasses, etc. For the tissues to be 
protected, it is sufficient to shield them with solid 
media (e.g., cardboard, film) in their corresponding 
body surface area [21].

5  Efficacy of ultrasound hyperthermia, evaluation 
criteria for adverse reactions and treatment 
of adverse reactions

5.1  Criteria for evaluating the efficacy and adverse 
reactions of ultrasound hyperthermia

The efficacy evaluation is recommended to refer to the 
RECIST (V1.1) efficacy evaluation criteria for solid 
tumors [22], the evaluation criteria for ultrasound 
hyperthermia-related adverse reactions are recom-
mended to evaluate the severity of skin burns [23], 
and the evaluation criteria for chemotherapy-related 
adverse reactions are recommended to evaluate the 
severity of chemotherapy adverse reactions by CTCAE 
(V4.0) [24].

5.2  Ultrasound hyperthermia adverse reaction 
management

The principle of ultrasound hyperthermia-related 
adverse reactions treatment is that I degree and shal-
low II degree burns should not be treated, and deep 
II degree and III degree burns should be immediately 
stopped from ultrasound hyperthermia treatment and 

treated according to the principle of skin burn treat-
ment; the principle of chemotherapy-related adverse 
reactions treatment is the same as conventional chemo-
therapy [25, 26]. 

At present, ultrasound hyperthermia has become a 
hot spot in life science and medical research, and its 
research results have provided a solid foundation for 
ultrasound hyperthermia; at the same time, clinical 
practice has also proved that ultrasound hyperther-
mia can increase drug efficacy and is safe and reliable, 
which is worthy of clinical promotion and application. 
However, there are still many problems that need to be 
studied in depth. Although it is generally proved that 
ultrasound hyperthermia can enhance the efficacy of 
chemotherapy, there is still little evidence from rand-
omized multicenter clinical trials with large samples, 
and there is also a lack of stratified analysis data, and 
the influence of gender, age, different stages of tumors, 
different genetic background and living habits on the 
efficacy of ultrasound hyperthermia needs to be further 
clarified. This guideline aims to promote and popular-
ize the diagnosis and treatment standard of ultrasound 
hyperthermia for oral and maxillofacial tumors head 
and neck tumors, so as to optimize the treatment of 
patients with this tumor, with the aim of improving the 
survival rate and quality of life of patients in the long 
term. With the emergence of new research results, the 
expert committee will keep abreast of the times and 
update this guideline periodically to better meet the 
people’s needs for a healthy life.
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