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The treatment of locally advanced head and neck squamous cell carcinoma (LA-

HNSCC) has traditionally relied on a multimodal approach, combining surgery,

radiation therapy (RT), and chemotherapy. While chemotherapy plays a critical

role in improving cure rates and functional outcomes, its substantial toxicity

remains a major concern, particularly in older patients. These challenges are

especially relevant for those who are unfit for chemotherapy or decline

conventional concurrent chemoradiotherapy (CCRT), highlighting the need for

alternative therapeutic options. Many patients are at high risk for severe side

effects, often preventing them from completing the full chemotherapy regimen.

This review explores alternative strategies to definitive CCRT of carcinomas of

the larynx, hypopharynx and oropharynx, aiming to optimize treatment
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outcomes while minimizing toxicity. We discuss altered fractionation strategies

as a promising alternative to conventional RT, offering a balance between

treatment efficacy and quality of life. Additionally, we examine emerging

approaches, including the combining of targeted therapies, immunotherapy,

hyperthermia, photodynamic therapy and nanoparticle-based treatments with

RT, which provide alternative or complementary options to traditional therapies

in the management of LA-HNSCC.
KEYWORDS

head and neck cancer, concurrent chemoradiation, altered fractionation,
immunotherapy, targeted therapy, hyperthermia, nanoparticle
Introduction

Locally advanced head and neck squamous cell carcinoma (LA-

HNSCC) is a major global health challenge, accounting for 7.6% of

all cancers and 4.8% of cancer-related deaths worldwide (1, 2).

Historically linked to tobacco and alcohol consumption, the

increasing prevalence of human papillomavirus (HPV)-associated

oropharyngeal cancers has contributed to a demographic shift, with

a rising incidence observed among younger populations (3).

Projections indicate a 30% annual increase in HNSCC cases by

2030, highlighting the urgent need for effective treatment

options (4).

The management of non-metastatic LA-HNSCC has traditionally

involved a multidisciplinary approach, combing surgery, radiation

therapy (RT), and systemic treatments such as chemotherapy or

targeted therapies (5). In several HNSCC subsites, definitive

concurrent chemoradiation (CCRT) therapy yields survival

outcomes comparable to curative-intent surgery, often preserving

superior functional outcomes, particularly in laryngeal cancer (6).

Cisplatin remains the standard of care when combined with RT.

Despite its effectiveness, cisplatin is associated with significant

toxicities, including nephrotoxicity, ototoxicity and neurotoxicity

(7), which pose substantial challenges, particularly for older

patients (8, 9). Notably, one-third of LA-HNSCC cases occur in

patients over 70, who face higher risks of serious complications due to

pre-existing comorbid conditions (10–12). In response to these

challenges, there is growing interest in alternative strategies that

optimize treatment efficacy while minimizing toxicity. Alternative

approaches such as altered RT regimens (e.g. hyperfractionation

(HFX)) and combining the targeted therapies (e.g. cetuximab),

immunotherapy (e .g . pembrol izumab), hyperthermia,

photodynamic therapy or nanoparticle-based treatments with RT,

offer promising alternatives interventions to conventional CCRT

which are strategies of particular interest in patients who are unfit

for systemic chemotherapy.

This review focuses on potential chemotherapy-free approaches

for managing LA-HNSCC, especially tumors of the larynx,

hypopharynx, and oropharynx. We highlight the role of altered
02
RT regimens and the potential of novel therapies like targeted

agents, immunotherapy, hyperthermia, and nanoparticle-based

treatments. We aim to highlight their clinical indications,

integration into multidisciplinary care, and potential to improve

patient outcomes. While these strategies show promise, further

clinical validation is needed to establish their role as standard

practice in the management of LA-HNSCC.
Evidence acquisition

A comprehensive literature search was conducted using

PubMed, EMBASE, and MEDLINE to identify relevant studies on

chemotherapy-free innovations in the treatment of LA-HNSCC.

The search was performed utilizing a combination of Medical

Subject Headings terms and keywords such as “head and neck

cancer,” “immunotherapy,” “radiotherapy,” and “targeted therapy”.

Additional filters were applied to focus on clinical trials, systematic

reviews, and high-impact studies published in peer-reviewed

journals. Reference lists of key articles were also screened to

identify additional relevant studies. Only English-language articles

were included in this review.
The role of chemotherapy in
LA-HNSCC

Chemotherapy plays a key role in the multimodal treatment of

LA-HNSCC, improving both cure rates and functional outcomes. It

is typically used in combination with RT either as CCRT or

induction therapy before definitive CCRT. In cases of

unresectable LA-HNSCC, CCRT can provide the option of organ

preservation without compromising the curative intent of

treatment (13).

Concurrent chemotherapy enhances the efficacy of RT by acting

as a radiosensitizer (14, 15). The MACH-NC meta-analysis of 101

randomized controlled trials (RCTs) involving 18,951 patients with

non-metastatic HNSCC (mainly stage III-IV) assessed
frontiersin.org
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chemotherapy’s impact on survival. The analysis found that CCRT

provided a 6.5% absolute improvement in 5-year OS (HR=0.83,

95% CI: 0.79–0.86; p < 0.0001) compared to chemotherapy given as

induction or adjuvant treatment rather than concurrently with RT.

Induction chemotherapy showed a 2.2% benefit (HR=0.96, 95% CI:

0.90–1.01; p=0.14), while adjuvant chemotherapy showed no

benefit (HR = 1.02 [0.92; 1.13]). These findings confirm CCRT as

the most effective strategy for reducing cancer-related mortality.

Platinum-based mono-chemotherapy was more effective than other

single-agents, and no OS difference was found between mono and

combination chemotherapy (16).

High-dose cisplatin (100 mg/m² on weeks 1, 4, and 7) remains

the preferred concurrent systemic therapy, improving OS and DFS

(17). Alternatives include carboplatin/5-fluorouracil, which

improve PFS (18) and OS (19), and low-dose weekly cisplatin (40

mg/m²), which offers acceptable toxicity and survival outcomes (20,

21). The ongoing NRG-HN009 trial (ClinicalTrials.gov identifier:

NCT05050162) is a phase II/III study comparing the efficacy and

toxicity of two cisplatin-based CCRT regimens for LA-HNSCC:

low-dose weekly cisplatin (40 mg/m²) with standard high-dose

cisplatin (100 mg/m² every three weeks). This trial aims to assess

toxicity and determine if reducing the dose of cisplatin does not

compromise OS outcomes.
The challenges of chemotherapy

The significant toxicities of chemotherapy often limit its use,

especially in patients with LA-HNSCC. Cisplatin is known to be

associated with nephrotoxicity, with studies reporting grade 2-3

nephrotoxicity in 33% of patients, with 17% of patients unable to

complete the planned regimen due to these complications (22).

Additionally, it causes ototoxicity, leading to hearing loss and

tinnitus (23), with an incidence of 36% in adult cancer patients

(24). Neurotoxicity, particularly chronic sensory neuropathy, is

another dose dependent side effect of cisplatin (25). Of note,

effective prevention or treatment for these toxicities remains

unsatisfactory (26).

Carboplatin, a commonly used alternative to cisplatin, also has

its own toxicity profile, with myelosuppression being a frequent side

effect. A study on concurrent carboplatin and RT showed a risk of

thrombocytopenia and neutropenia in 34% and 28%,

respectively (27).

The combination of chemotherapy and RT is also associated

with challenges linked to treatment adherence. One study found

84% of patients who were non-adherent to RT were also receiving

concurrent chemotherapy, highlighting the challenges of the

combined approach (28). For weekly cisplatin, 30-60% of patients

miss at least one cycle (29), while for high-dose cisplatin given every

three weeks, adherence to all planned cycles ranges from 61-85%

(30, 31).

The use of chemotherapy in older (>70 years) population, is

associated with longer hospital stays, readmissions, and

chemotherapy-induced toxicities (32, 33). Additionally,

chemotherapy in older adults increases the risk of severe
Frontiers in Oncology 03
toxicities, including grade ≥3 pharyngeal/laryngeal toxicity,

feeding tube dependency, and treatment-related mortality (34).

The MACH-NC meta-analysis found minimal benefit from

adding chemotherapy to treatment in patients over 70, with no

survival benefit for those over 70 years old, and potential harm for

those over 80 (16). These findings emphasize the importance of

appropriate patient selection for CCRT, especially in the elderly.

Given the challenges associated with chemotherapy, particularly

in the context of CCRT, efforts have been made to explore treatment

de-escalation strategies in select low-risk populations. This has been

of particular interest in HPV-associated oropharyngeal cancer,

where the favorable prognosis has prompted investigations into

reducing treatment intensity while maintaining oncologic efficacy

and minimizing toxicity.

One approach to de-escalation has been the use of induction

chemotherapy to identify patients eligible for reduced-intensity RT.

The ECOG 1308 trial (35) was a phase II study which evaluated this

strategy by treating patients with HPV-positive oropharyngeal

cancer using induction chemotherapy combined with cetuximab.

Patients who achieved CR subsequently received reduced-dose

intensity-modulated radiotherapy (IMRT). The study

demonstrated favorable PFS and notable improvements in

swallowing function and nutritional status. Similarly, a phase II

trial by Chen et al. (36) assessed a comparable strategy, where

patients with HPV-associated oropharyngeal cancer who

demonstrated either CR or partial response (PR) to induction

chemotherapy received reduced-dose RT. This approach was

associated with high PFS rates and a favorable toxicity profile,

further supporting the feasibility of risk-adapted de-escalation.

The OPTIMA trial took this concept further by integrating both

response-based and risk-stratified treatment de-intensification (37).

In this phase II study, patients with HPV-associated oropharyngeal

cancer were treated with induction chemotherapy, followed by dose

and volume de-escalation of RT or CCRT based on their response.

The trial found that this strategy resulted in favorable oncologic

outcomes while reducing both acute and chronic toxicities,

reinforcing the potential role of induction chemotherapy in

selecting patients for less intensive treatment.

Another notable investigation in this field is the NRG-HN002

trial (38). This phase II study demonstrated that a reduced-intensity

CCRT regimen achieved acceptable PFS. However, subsequent data

from the NRG-HN005 trial found that this de-escalation approach

was not non-inferior in terms of PFS, underscoring the need for

caution when applying phase II findings to clinical practice (39).

Indeed, a recently published systematic review of clinical trials on

treatment de-escalation in HPV-related oropharyngeal cancer

recommended against deviating from the standard of care outside

of clinical trials (40).
Practical recommendations for CCRT

CCRT with cisplatin remains the cornerstone treatment, when

possible, for improving survival and preserving organ function in

LA-HNSCC. However, practical considerations should be applied
frontiersin.org
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as we carefully select patients who are fit for this approach. Factors

such as performance status, comorbidities and age should be

considered in the treatment decisions. For patients over 70, the

lack of significant survival benefit from chemotherapy as shown in

the MACH-NC meta-analysis, suggests considering non-

chemotherapy-based strategies that are forthcoming in this article.
Immunotherapy and targeted therapy:
cisplatin-free alternatives to
chemotherapy in LA-HNSCC

Targeted therapy focuses on inhibiting specific molecular

pathways critical to cancer cell growth and survival (41).

Cetuximab, the only FDA-approved EGFR inhibitor for LA-

HNSCC, is used primarily for patients unfit for standard CCRT

(42). Trials assessing cetuximab in non-metastatic LA-HNSCC are

summarized in Table 1. The Bonner et al. trial enrolled 424 patients

with LA-HNSCC, who were randomized to receive either RT alone or

RT combined with cetuximab (43). Combining cetuximab with RT

showed significant improvement in median OS (49.0 months vs. 29.3

months for RT alone; HR 0.73, 95% CI 0.56–0.95; p=0.018). The 5-

year OS was 45.6% for the cetuximab plus RT versus 36.4% for the RT-

alone. Patients with grade 2 or higher acneiform rash had significantly

better survival (HR 0.49, 95% CI 0.34–0.72; p=0.002). However, the

control arm did not receive the standard of care therapy, cisplatin.

Later trials, including De-ESCALATE (66), ARTSCAN III (67),

TROG 12.01 (68), and RTOG 1016 (69), found cisplatin combined

with was RT superior to cetuximab plus RT in HPV positive
Frontiers in Oncology 04
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with cisplatin, the RTOG 0522 trial showed that adding cetuximab

to cisplatin and RT did not improve OS or PFS (70). Despite these

results, cetuximab remains an option for carefully selected patients

with LA-HNSCC ineligible for CCRT. Previously, it was questioned

whether all subgroups would benefit from cetuximab or only HPV-/

p16-positive tumors. However, later it was shown that although p16

and HPV serve as prognostic biomarkers for LA-HNSCC, they have

not been shown to predict response to cetuximab-containing regimens

in either setting. Therefore, current evidence indicates that the benefits

of cetuximab are observed in select patients with either p16-/HPV-

positive and -negative HN-SCC (44).

Other anti-EGFR monoclonal antibodies, including

panitumumab (45), zalutumumab (46), and nimotuzumab (47),

have also been evaluated as concurrent treatments with RT. In a

randomized phase III trial for LA-HNSCC, panitumumab failed to

show significant improvements in LRC or survival when compared

to the standard of care high dose cisplatin with radiation (48).

Immunotherapies, such as immune checkpoint inhibitors

(ICIs), enhance the immune system’s ability to target cancer cells

by blocking inhibitory pathways (49). Blocking PD-1/PD-L1

signaling with ICIs restores immune function, increasing

antitumor activity (50, 51).

The role of immunotherapy in definitive treatment of LA-

HNSCC is still unclear. The NRG-HN004 study compared

concurrent and adjuvant durvalumab (an anti-PD-L1 antibody)

with RT versus, RT with cetuximab, in cisplatin-unfit LA-HNSCC

patients (52). Durvalumab did not improve PFS and was associated

with worse LRF compared to cetuximab. The NRG-HN005 trial was

a phase II/III randomized study targeting patients with p16-
TABLE 1 Key trials which assessed the role of cetuximab in the treatment of HNSCC.

Trial Population Methods RT details Key Findings

Bonner
et al. (43)

Patients with locoregionally
advanced oropharyngeal,

hypopharyngeal, or
laryngeal cancer.

Randomized phase III
trial: RT alone vs RT +

weekly cetuximab

70 Gy/35 fractions in 7 weeks, or
hyperfractionated 72-76.8 Gy/1.2 fractions
BID, or with concomitant boost to 72 Gy/

42 fractions

Adding cetuximab to RT (without
chemotherapy) improved LC (50% vs 41%)

and OS (45.6% vs 36.4%)

De-
ESCALATE

(117)

Patients with low-risk HPV-
positive oropharyngeal cancer

Randomized phase III
trial: Cetuximab + RT
vs. Cisplatin + RT

70 Gy/35 fractions in 7 weeks to both arms
Cetuximab resulted in poorer OS (89% vs
98%) and higher rates of LRR (16% vs 6%)

compared to cisplatin.

ARTSCAN
III (118)

Patients with locally advanced
SCC of the oropharynx,
hypopharynx, oral cavity

or larynx.

Randomized phase III
trial: Cetuximab + RT
vs. Cisplatin + RT

70 Gy/35 fractions in 7 weeks, or
hyperfractionated 72-76.8 Gy/1.2 fractions
BID, or with concomitant boost to 72 Gy/

42 fractions

Cumulative incidence of LRF was more
than twice as high in the cetuximab arm

(23% vs 9%)

TROG
12.01 (119)

Patients with HPV-positive
oropharyngeal cancer

Randomized phase III
trial: Cetuximab + RT
vs. Cisplatin + RT

70 Gy/35 fractions in 7 weeks to both arms
3-year failure-free survival rates were

inferior in the cetuximab arm (80% vs 93%)

RTOG
1016 (120)

Patients with HPV-positive
oropharyngeal cancer

Randomized phase III
trial: Cetuximab + RT
vs. Cisplatin + RT

70 Gy/35 fractions in 6 weeks to both arms

Cetuximab resulted in inferior OS (78% vs
85%) and PFS (67% vs 78%) for the
cetuximab group compared to the

cisplatin group.

RTOG
0522 (121)

Patients with locally advanced
oropharyngeal cancer

Randomized phase III
trial: Cetuximab +
cisplatin + RT vs
cisplatin + RT

72 Gy/42 fractions BID or 70 Gy/35
fractions in 6 weeks

The addition of cetuximab did not
significantly improve OS (76% vs 73%) or

PFS (59% vs 61%)
ARTSCAN, Accelerated Radiotherapy Study in head and neck Cancers; BID, Twice daily; DFS, Disease-free survival; HPV, Human papillomavirus; LRF, Locoregional failure; OS, Overall
survival; PFS, Progression-free survival; RT, Radiotherapy; RTOG, Radiation Therapy Oncology Group; SCC, Squamous cell carcinoma; TROG, Trans-Tasman Radiation Oncology Group.
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positive, non-smoking associated, locoregionally advanced

oropharyngeal cancer (39). The study compared two experimental

arms with standard 70 Gy RT with cisplatin: 60 Gy RT combined

with cisplatin, and 60 Gy RT combined with nivolumab. Results

showed that the experimental arms did not meet the non-inferiority

criteria; specifically, the 2-year PFS estimates were 98.1% for Arm 1,

compared to 88.6% for Arm 2 and 90.3% for Arm 3. The trial’s

futility analyses indicated that both experimental arms had

significantly poorer outcomes than expected, leading to the

conclusion that a phase III trial would not proceed. Similarly, the

GORTEC-REACH phase III trial, which evaluated avelumab (anti-

PD-L1 antibody) combined with cetuximab and RT versus standard

care in LA-HNSCC, found no significant improvement in PFS (53).

The JAVELIN Head and Neck 100 (54) phase III trial tested the

addition of avelumab to standard CCRT in patients with LA-

HNSCC. This trial showed that avelumab did not prolong PFS

and was terminated early due to futility. The KEYNOTE-412 phase

III trial assessed the addition of pembrolizumab to CCRT in

patients with unresected LA-HNSCC. While pembrolizumab

combined with CCRT showed a favorable trend towards

improved event-free survival (EFS) compared to placebo with

CCRT, the difference was not statistically significant. The trial

also indicated that patients with higher PD-L1 expression (CPS

≥1 and CPS ≥20) experienced more pronounced benefit (55).

Radioimmunotherapy presents a promising and intriguing

treatment option for LA-HNSCC. However, further trials are

needed to identify specific groups of patients that would benefit

from this approach before its application into clinical practice

(56, 57).
Recommendations

Targeted therapies and immunotherapy with RT represent an

area of active research for its use in the treatment of LA-HNSCC,

which can potentially become an alternative or complementary

approach to traditional CCRT. Cetuximab has shown improvement

in disease specific outcomes and remains the primary EGFR

inhibitor that demonstrated significant efficacy in the treatment of

LA-HNSCC, particularly for patients unfit for cisplatin-based

CCRT. In patients deemed eligible to receive high dose cisplatin

with RT, chemotherapy was found to be superior to cetuximab with

RT. The integration of immunotherapy into the treatment of LA-

HNSCC remains investigational and its use in this setting should be

restricted to clinical trials at this stage. Several factors are expected

to impact the outcomes of this approach in LA-HNSCC such as the

tumor’s molecular profile and PD-L1 expression.
Nanoparticle-based therapies: a
breakthrough in the treatment of LA-
HNSCC

Nanoparticles (NPs), ranging from 1 to 100 nm in size, can

carry drugs, imaging agents, and targeting ligands, making them
Frontiers in Oncology 05
versatile tools in cancer treatment (58). Due to leaky blood vessels

and impaired lymphatic drainage in tumors, NPs accumulate in

tumor tissues, enhancing targeted delivery and internalization into

cancer cells (59, 60). In LA-HNSCC, NPs improve radiosensitivity,

enable photothermal therapy, aid immune therapy, and precisely

deliver agents to the tumor microenvironment (TME), minimizing

damage to healthy tissue and reducing side effects (61).

Gold and silver NPs enhance radiosensitivity by absorbing and

scattering radiation energy. Gold NPs, for example, increase

reactive oxygen species and enhance DNA damage during RT

(62). Cetuximab-targeted gold NPs have shown promising results

by enhancing radiation effects, inducing apoptosis, inhibiting

angiogenesis, and reducing tumor growth with no toxicity. One

study showed these NPs enhanced the radiation effect via earlier

and greater apoptosis, diminishing repair mechanisms, and

inhibiting angiogenesis, with no observed evidence of toxicity.

These NPs also had a significant impact on tumor growth (P <

0.001) (63, 64).

Nanotherapy also alters the TME by targeting immune cells and

fibroblasts, regulating angiogenesis and immune responses, and

using nanovaccines to activate immunity or modify tumor-

associated macrophages for anti-tumor effects (61, 65).

NPs can also deliver chemotherapeutic agents directly to cancer

cells, minimizing systemic toxicity. For example, cisplatin-loaded

NPs designed to target oral squamous cell carcinoma have shown

enhanced intracellular uptake and greater cytotoxic effects (66). The

PRV111 trial, a phase I/II clinical study, demonstrated that a NP

formulation for local cisplatin delivery resulted in an 87% response

rate in patients with advanced oral cavity squamous cell carcinoma.

These patients saw a significant reduction in tumor volume, with an

average decrease of 70% within a week, and experienced no severe

side effects, with no locoregional recurrences over six months (67).

Chun et al. examined the efficacy of NAB-paclitaxel, NAB-cisplatin,

and NAB-cetuximab in improving the efficacy of RT for LA-

HNSCC in a phase I/II trial. At a median follow up of 24

months, LC was 71%, OS was 68%, and PFS was 60% (68).

Furthermore, a retrospective analysis revealed the efficacy of

NAB-paclitaxel in the treatment of HNSCC that had shown

progression after prior use of other taxanes (69).

In ongoing clinical trials, nanoparticle formulations containing

paclitaxel, docetaxel, or other drugs are showing promising results

in improving cancer treatment. Some patients have experienced

substantial tumor shrinkage or even complete remission (70). To

achieve effect ive cancer therapies using NPs, strong

interdisciplinary collaboration across various fields is essential, to

take these treatments from initial innovation to final intervention.
Recommendations

Nanoparticle-based therapies hold great potential in the

treatment of LA-HNSCC, especially in improving radiosensitivity

and targeting the tumor microenvironment. While the early clinical

results are promising, challenges such as optimizing nanoparticle

delivery, ensuring precise targeting, and overcoming tumor
frontiersin.org
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heterogeneity need further attention. Ongoing research should focus

on refining nanoparticle formulations, improving their efficacy in

combination with existing therapies like chemotherapy and

radiotherapy, and developing strategies to reduce potential

toxicities. As these therapies move forward, interdisciplinary

collaboration will be key to translating nanoparticle-based

treatments from preclinical success to widespread clinical application.
Altered fractionation as an alternative
approach

Biological factors such as tumor hypoxia and accelerated

repopulation can further limit the effectiveness of conventionally

fractionated RT (71). To address these challenges, altered

fractionation regimens have been developed. These include

accelerated fractionation (AFX) RT, which shortens treatment

time to overcome tumor repopulation, and hyperfractionation

(HFX) which aims to increase the overall RT dose without

increasing late RT toxicities. Both strategies seek to optimize

therapeutic outcomes while balancing acute and late side effects

(71–78). (For further details on AFX and HFX, please see Table 2).

The role of altered fractionation regimens in HNSCC has been

extensively studied, with a detailed summary shown in Table 3. The

updated MARCH meta-analysis (79), which included 33 trials

involving 11,423 patients, reaffirmed the survival benefits of

altered fractionation RT over conventional fractionation. Altered

fractionation demonstrated a significant OS benefit (HR 0.94; P =

0.0033), with HFX providing the greatest advantage (HR 0.83),

resulting in an 8.1% absolute survival improvement at 5 years.

However, when altered fractionation RT was compared to CCRT,

CCRT demonstrated superior OS outcome (HR 1.22; P = 0.0098).

Importantly, among the five trials comparing altered fractionation

RT with CCRT included in MARCH meta-analysis, only one

utilized HFX, EORTC 22962 which was terminated early, while
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the other four employed moderately accelerated RT (Table 4) (80).

These findings establish HFX RT, alongside CCRT, as a standard of

care for LA-HNSCC, while highlighting the need for further trials

directly comparing these two approaches.

Another important study, DAHANCA 28 (81), investigated the

use of nimorazole, a hypoxic radiosensitizer, in combination with

hyperfractionated accelerated RT (76 Gy in 56 fractions,

administered twice daily) and cisplatin in patients with HPV-

negative tumors,. While the trial demonstrated the feasibility of

this approach, it also reported high rates of acute toxicity in

approximately 60% of patients, along with significant late toxicity.

More recently, the HYPNO study explored hypofractionation in

LA-HNSCC (82), delivering higher doses per fraction (>2 Gy/

fraction). In this trial, 55 Gy in 20 fractions was non-inferior to

conventional fractionation (66 Gy in 33 fractions, administered six

fractions per week), with cisplatin use being optional. This finding

presents a compelling alternative for patients, providing a shorter

treatment course without compromising efficacy.
Recommendations

Altered fractionation regimens present a valuable approach to

improving outcomes in LA-HNSCC, particularly for patients who

cannot tolerate chemotherapy. HFX offers the most consistent

improvements in OS and local control, but its twice-daily

s chedu l e can be d i fficu l t t o manage . I n con t r a s t ,

hypofractionation, requiring fewer sessions, is more convenient

but needs further validation. Treatment should be tailored to each

patient’s situation, with HFX ideal for those with reliable access to

care and hypofractionation better suited for those with logistical

challenges who will not be able to attend a long course (7 weeks) of

conventional RT. Phase III RCT comparing HFX to CCRT (with

cisplatin) is warranted and represents a real clinical need to better

define an effective cisplatin-free approach with HFX.
TABLE 2 Comparison of accelerated treatment and hyperfractionation in radiotherapy.

Feature Accelerated Treatment Hyperfractionation

Goal Limit tumor cell repopulation by shortening treatment duration.
Increase overall radiation dose with reduction of the dose per

fraction to increase local control with reduction of late toxicities.

Mechanism
Shortens total treatment time, either maintaining or adjusting

dose and fraction size.
Administers smaller doses per fraction (e.g., 1.15-1.2 Gy) to allow

higher total doses.

Strategies
-Pure accelerated RT: Shortens duration without dose change.

- Hybrid accelerated RT: Adjusts dose, fraction size, and
time distribution

Increases fraction number while reducing fraction dose. Exploits
tumor vs. normal tissue radiosensitivity.

Therapeutic Advantages Reduces opportunity for tumor regeneration during treatment. Enhances therapeutic ratio by lowering late toxicity risk.

Impact on Toxicities Increased acute toxicities during treatment. Higher risk of acute toxicities but reduced late toxicities.

An example of key Trials
RTOG 9003 (122), RTOG 0129 (123), DAHANCA 6 &7 (124,

125), IAEA-ACC (126)
MARCH (79), RTOG 9003 (122)
DAHANCA, Danish Head and Neck Cancer Study Group; IAEA-ACC, International Atomic Energy Agency Accelerated Radiation Trial; MACH, Meta-Analysis of Chemotherapy in Head and
Neck Cancer; MARCH, Meta-Analysis of Radiotherapy in Carcinomas of Head and Neck; RT, Radiotherapy; RTOG, Radiation Therapy Oncology Group.
Bold formatting is used only for the "Feature" column to highlight the comparison criteria.
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The role of FDG-PET in LA-HNSCC

PET-CT scans play a crucial role in the delineation of treatment

volumes in LA-HNSCC. They enhance the accuracy of staging by

precisely identifying the extent of disease, thereby reducing the risk

of geographical misses during radiotherapy (83, 84). This advanced

imaging modality helps detect tumor regions or lymph nodes that

might be overlooked by conventional imaging techniques. Studies

have demonstrated that PET-CT can minimize inter-observer

variation in gross tumor volume (GTV) delineation (85, 86) and

lead to a reduction in GTV size, potentially decreasing treatment-

related toxicity (87). This is particularly important in the era of

IMRT, where planning target volumes for setup uncertainty are

continuously shrinking (88).

Beyond anatomical delineation, PET-CT also provides valuable

insights into tumor biology, identifying areas of hypoxia and high

proliferation. This information can guide the use of radiosensitizers,

facilitate dose escalation, or inform alternative treatment strategies,

ultimately improving the therapeutic ratio and local control.

However, despite these advantages, PET-CT is not without

limitations. Challenges include its limited spatial resolution, the

absence of a standardized method for signal segmentation, and the

risk of false-positive results due to inflammation (83, 89–91).

Future research is focused on several key innovations to

enhance the clinical utility of PET-CT in HN-SCC. One

promising direction is the integration of PET-CT with other

imaging modalities or biomarkers, which could further refine

treatment planning and enable more personalized therapeutic
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development of novel PET tracers that could provide additional

biological insights and improve treatment outcomes (93).

Additionally, emerging research in nanomedicine is exploring the

potential of nanoparticles to enhance radiation effects and

selectively target lymph nodes. These innovations could

complement PET-CT-guided radiotherapy, further optimizing

treatment strategies for patients with HN-SCC (65).
Recommendations

PET-CT plays a critical role in the treatment planning of HN-

SCC, offering superior accuracy in staging, tumor delineation, and

identification of biologically significant tumor regions. Its ability to

reduce inter-observer variation, refine target volumes, and provide

insights into tumor biology makes it a valuable tool in modern

radiotherapy. However, limitations such as spatial resolution

constraints, signal segmentation challenges, and the potential for

false-positive findings must be addressed to maximize its clinical

utility. Future research should focus on improving PET-CT image

resolution, developing standardized segmentation methods, and

integrating novel tracers that enhance biological characterization.

Additionally, combining PET-CT with other imaging modalities,

biomarker-driven strategies, or emerging nanotechnologies may

further refine treatment personalization and therapeutic

outcomes. Until these advancements are realized, PET-CT should

be leveraged judiciously within a multidisciplinary framework,
TABLE 3 Key trials on altered fractionation regimens in HNSCC.

Trial Population Methods Key Findings

RTOG 9003 (122)
Patients with locally

advanced HNSCC treated
with definitive RT

A phase III trial that compared conventionally
fractionated RT as 70 Gy/35 fractions,

hyperfractionated RT as 81.6 Gy/68 fractions BID,
accelerated split-course RT as 67.2 Gy/42 fractions

BID, with 2 weeks break at 38.4 Gy, vs accelerated RT
with concomitant boost as 72 Gy/42 fractions

Hyperfractionated RT improved OS and LC
while reducing late effects compared to

conventional RT.

DAHANCA 6 & 7
(124, 125)

Patients with HNSCC
treated with definitive RT

Phase III trials that compared six fractions per week of
RT (66-68 Gy/33-34 fractions) with nimorazole versus

five fractions per week

Six fractions per week resulted in better 5-year
LC (70% vs 60%) and DFS (73% vs 66%)
compared to five fractions per week.

IAEA-ACC Trial (126)
Patients with HNSCC

treated with definitive RT

Phase III trial that compared six fractions per week of
RT (66-70 Gy/33-35 fractions) versus five fractions

per week

Improved 5-year LC (42% vs 30%) and DFS
(50% vs 40%) compared to 5 fractions per week.

RTOG 0129 (123)
Patients with locally

advanced HNSCC treated
with CCRT

Phase III trial that compared accelerated fractionation
with concomitant boost (72 Gy over 6 weeks) and

concurrent cisplatin vs. standard fractionation 70 Gy/
35 fractions with concurrent cisplatin

No significant differences in 8-year outcomes for
OS, PFS or treatment toxicity between the

two regimens.

DAHANCA 28 (81)
Patients with HPV-negative
locally advanced HNSCC

Phase I/II trial that treated with hyperfractionated
accelerated RT (76 Gy/56 fractions BID) with cisplatin

and nimorazole

Treatment was feasible, with a 3-year LRF of
21% and OS of 74%. Resulted in acute toxicity in
60% of patients; significant late toxicity observed.

HYPNO (82)
Patients with locally
advanced head and

neck cancer

Phase III trial that compared hypofractionated RT (55
Gy/20 fractions) vs conventional fractionation (66 Gy
in 33 fractions, 6 fractions per week) with optional

cisplatin use

Hypofractionated RT was non-inferior to
conventional treatment in terms of 3-year LRC

(51%), OS (55%), and PFS (45%)
RTOG, Radiation Therapy Oncology Group; MARCH-HN, Meta-Analysis of Radiotherapy in Carcinomas of Head and Neck; DAHANCA, Danish Head and Neck Cancer Study Group; IAEA-
ACC, International Atomic Energy Agency Accelerated Radiation Trial; CCRT, Concurrent Chemoradiotherapy; OS, Overall Survival; LC, Local Control; DFS, Disease-Free Survival; BID, Twice
a Day; PFS, Progression-Free Survival; LRF, Locoregional failure; HPV, Human Papillomavirus; RT, radiotherapy.
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ensuring its benefits are maximized while accounting for its

current limitations.
The role of hyperthermia in
LA-HNSCC

Hyperthermia has emerged as an adjunctive treatment modality

in oncology, offering a promising approach for enhancing the

effectiveness of RT in LA-HNSCC. By acting as a potent

radiosensitizer, hyperthermia improves tumor control and

survival outcomes, particularly in patients unfit for CCRT (94, 95).

Hyperthermia sensitizes cancer cells to RT through multiple

means (96). By elevating tissue temperatures to 39°C–45°C, it

inhibits DNA repair mechanisms, disrupts tumor vasculature, and

enhances oxygenation, thus amplifying the effects of RT (97).

Furthermore, it promotes immunogenic cell death and enhances

the exposure of tumor antigens, thereby activating anti-tumor

immune responses. This dual action not only optimizes local

tumor control but also holds potential for systemic cancer

management (98).

Combining hyperthermia with RT significantly improves

complete response (CR) rates in LA-HNSCC. A meta-analysis by

Datta et al. reported a CR rate of 62.5% with thermoradiotherapy

compared to 39.6% with RT alone, demonstrating its superior

efficacy (99). Hyperthermia also enhances LRC and survival
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outcomes. In a landmark randomized trial, Valdagni and

Amichetti observed improved CR rates in patients with metastatic

lymph nodes treated with RT and hyperthermia versus RT alone

(82.3% vs 36.8%, P=0.0152), leading to an iso-dose thermal

enhancement ratio (TER) of 2.23 (100). Acute local toxicities

were also similar between both groups. Similarly, another RCT

comparing RT alone to RT combined with hyperthermia showed a

statistically significant improvement in CR rates (42.2% vs 78.6%,

P<0.05), and in survival rates in the hyperthermia-RT arm, with no

dose-limiting toxicity recorded (94). The ESHO 2-85 study,

conducted by the European Society for Hyperthermic Oncology,

investigated the effectiveness of hyperthermia as an adjunct to RT in

treating advanced neck nodes (101). Like previous studies, it

revealed that the addition of hyperthermia significantly improved

the CR rate, with a notable reduction in the 3-year local failure rate

from 68% in the RT-only group to 50% in the RT + hyperthermia

group. Thus, incorporating hyperthermia into treatment protocols

could provide substantial clinical benefits for patients with

advanced neck node involvement in LA-HNSCC.

Despite its promise, hyperthermia faces barriers to widespread

adoption. Technical challenges include achieving uniform heat

distribution and maintaining precise temperature control. Patient

compliance can be hindered by discomfort during treatment

sessions. Additionally, the requirement for specialized equipment

and trained personnel limits its availability in many clinical settings.

However, while it is not yet standard practice, it is a consideration in
TABLE 4 Trials comparing altered fractionation to CCRT in the MARCH meta-analysis.

Trial Name
Total

Patients
Study arms Key Findings

INRC-HN9 (127) 136

-Alternating chemoradiotherapy, Cisplatin + 5-FU for 5 days
on weeks 1,4,7 and 10, alternated with three 2-week courses

of RT, 20 Gy per course, 2 Gy per day, 5 days a week
-Partly accelerated RT, 70 Gy/40 fractions in six weeks

No difference in outcomes between patients treated with
alternating chemoradiotherapy vs those treated with partly
accelerated radiotherapy, with the latter group experiencing

worse mucosal and skin toxicities.

ORO 93-01 (128) 192

-Conventionally fractionated RT alone, 66-70 Gy/33-35
fractions, 5 days a week

-Split-course accelerated hyperfractionated RT, 64-67.2 Gy/
40-42 fractions BID, 5 days a week with 2-week split at 38.4

Gy
-CCRT, 66-70 Gy/33-35 fractions, 5 days a week, with

concurrent carboplatin-5-FU

CCRT is superior to RT alone in terms of improving DFS,
but not OS, and was associated with a higher incidence of

acute morbidity.

EORTC 22962 (80) 57

2 x 2 design:
-70 Gy/35 fractions, 5 days a week vs 80.5 Gy/70 fractions

BID, 5 days a week
-Concurrent cisplatin vs none

Terminated early due to slow accrual after recruiting only
57 patients.

GORTEC 9902 (18) 840

-CCRT, 70 Gy/35 fractions in 7 weeks, with carboplatin/5-FU
-Accelerated CRT, 70 Gy/35 fractions in 6 weeks (2 Gy daily

for 40 Gy them 1.5 Gy BID), with carboplatin/5-FU
-Very accelerated RT alone, 64.8 Gy/36 fractions BID, in

3.5 weeks

Conventional fractionation with chemotherapy resulted in
superior OS and lower toxicity compared to accelerated RT.

Acceleration of RT cannot compensate for the absence
of chemotherapy.

TMH 1114 (129) 186

-Conventionally fractionated RT alone, 66-70 Gy/33-35
fractions, 5 fractions a week

-CCRT, 66-70 Gy/33-35 fractions, 5 days a week, with
cisplatin

-Accelerated RT alone as 66-70 Gy/33-35 fractions, 6
fractions a week

CCRT showed superior LRC compared to the RT alone arms,
with higher but acceptable acute and late toxicities.
RT, Radiotherapy; CCRT, Concurrent Chemoradiotherapy; DFS, Disease-Free Survival; OS, Overall Survival; LRC, Locoregional Control; BID, Twice a Day; 5-FU, 5-Fluorouracil; EORTC,
European Organization for Research and Treatment of Cancer; GORTEC, Groupe d’Oncologie Radiothérapie Tête et Cou.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1552337
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Abu Taha et al. 10.3389/fonc.2025.1552337
some patients, particularly those unable to tolerate chemotherapy.

Future clinical trials should focus on optimizing the integration of

thermoradiotherapy in the multimodal treatment options of LA-

HNSCC (102).
Recommendations

Hyperthermia represents a compelling adjunct treatment in the

management of LA-HNSCC, particularly in patients unable to

tolerate standard CCRT. It has shown the ability to enhance

radiosensitivity, improve tumor oxygenation, and boost local

control and survival rates. Despite its promise, barriers such as

technical challenges, limited availability, and patient compliance

must be addressed to facilitate broader adoption. Future research

should prioritize optimizing hyperthermia delivery techniques,

refining patient selection criteria, and exploring its integration

with advanced treatment modalities, including immunotherapy.

Until then, hyperthermia should be considered on a case-by-case

basis within a personalized treatment framework, particularly for

patients with limited therapeutic options.
Photodynamic therapy in head and
neck cancer

Photodynamic therapy (PDT) is a minimally invasive treatment

that combines a photosensitizing agent with light exposure to target

and destroy cancerous cells. This technique relies on three key

components: a photosensitizer, light, and oxygen. When the

photosensitizer is activated by light, it generates reactive oxygen

species (ROS), which lead to cell death and can also disrupt blood

vessels feeding the tumor, thereby limiting its oxygen supply

(103, 104).

PDT has shown promise in the management of LA-HNSCC,

and has been suggested to be as effective as conventional therapies

for the treatment of early-stage HNSCC (105). A retrospective study

was conducted to evaluate the outcomes of temoporfin-mediated

PDT in patients with functionally inoperable oral or oropharyngeal

squamous cell carcinoma. PDT achieved CR in 76.9% of cases, with

recurrence-free rates of 60.6%, 48.5%, and 32.3% at six months, one

year, and two years, respectively. The treatment maintained

swallowing and airway functionality in most patients,

demonstrating durable local control in a subset of patients with

an acceptable toxicity profile (106). In early and pre-malignant

lesions of the head and neck, a phase I trial found that the use of

PDT resulted in a 69% CR rate at three months, with the treatment

being generally well-tolerated (107). One study on the use of

porfimer sodium-mediated PDT in HNSCC has shown that its

use had an efficacy rate of 97%, and lead to a CR rate of 72.7% (108).

Another study found its use associated with a 5-year OS of 57.8%,

with improved quality of life in patients with recurrent or residual

disease (109).

PDT offers several advantages over traditional treatment

methods, such as surgery and chemoradiation. Since
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systemic toxicity. Additionally, the photochemical reaction is non-

thermal, which helps minimize PDT-related morbidity and

disfigurement compared to conventional treatments (103).

However, PDT faces several limitations that restrict its broader

clinical application (110). The reliance on light for activation of the

photosensitizer is a central challenge. While this feature allows for

spatial control of therapy, it significantly limits PDT’s efficacy in

treating deep-seated tumors (111). Another major limitation is the

dependency of PDT on oxygen for generating ROS. Many tumors

are hypoxic due to their rapid growth and inadequate vasculature,

which reduces the effectiveness of PDT (112). Additionally, PDT

itself can deplete local oxygen levels, further inhibiting its efficacy

(113). Addressing these limitations through technological

advancements and tailored treatment protocols will be key to

expanding PDT’s utility in oncology.
Recommendations

PDT offers a promising, minimally invasive option for LA-

HNSCC, with advantages like low systemic toxicity and reduced

morbidity. However, its efficacy is limited by challenges such as

poor light penetration and tumor hypoxia. Advancements in light

delivery systems, oxygen-enhancing strategies, and the

development of oxygen-independent photosensitizers are needed

to address these limitations. Future efforts should also focus on

combining PDT with other modalities like chemotherapy or

immunotherapy to enhance outcomes. Interdisciplinary

collaboration will be key to expanding PDT’s clinical utility and

improving patient care.
Future directions

The evolving treatment landscape for LA-HNSCC emphasizes

innovation, balancing efficacy with toxicity, and exploring novel

regimens and addressing unmet needs.

The potential of maintenance immunotherapy is being explored

in the ECOG-EA3161 trial (NCT03811015), which assesses whether

maintenance nivolumab after definitive treatment with RT and

cisplatin improves survival outcomes for intermediate-risk HPV-

positive oropharyngeal cancer (114). Additionally, a study by the

Canadian Cancer Trials Group (NCT03410615) is examining

combinations of durvalumab, tremelimumab, and RT in

intermediate-risk HPV-positive locoregionally advanced

oropharyngeal squamous cell carcinoma (115).

Hyperfractionation (HFX) enhances survival in cisplatin-

ineligible patients but poses challenges with toxicity and logistics

(79). Future studies should compare HFX and hypofractionation,

focusing on clinical outcomes, side effects, logistical feasibility, and

cost-effectiveness.

Targeted therapy and immunotherapy combined with RT

continue to demonstrate potential for improved outcomes.

Cetuximab remains an option for patients intolerant to cisplatin,
frontiersin.org

https://doi.org/10.3389/fonc.2025.1552337
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Abu Taha et al. 10.3389/fonc.2025.1552337
but its role compared to CCRT requires further validation (43).

Trials like NRG HN004 (52) contribute to this understanding, but

the role for other trials examining different agents in cisplatin-

ineligible patients remains unclear.

Nanoparticle-based therapies represent a cutting-edge frontier

in LA-HNSCC treatment. A notable example is the Phase III study

of NBTXR3 (NCT04892173), which evaluates this novel

nanoparticle agent in platinum-based chemotherapy-ineligible

elderly patients with LA-HNSCC (116). In this trial, participants

are treated with RT alone or RT in combination with cetuximab,

based on the investigator’s choice, and are randomized to receive

either standard treatment or NBTXR3. Participants in both arms

receive 70 Gy in 35 fractions over seven weeks. The trial aims to

assess whether NBTXR3 enhances the efficacy of RT, potentially

offering a transformative option for patients unable to tolerate

systemic chemotherapy.
Conclusions

The treatment landscape for LA-HNSCC is progressing towards

less toxic, chemotherapy-free alternatives. Altered fractionation

regimens, targeted therapies such as EGFR inhibitors, and

emerging radioimmunotherapy approaches offer potential

options, particularly for patients unable to tolerate chemotherapy.

Hyperfractionated RT alone was never compared to CRT with high

dose cisplatin in a phase III RCT despite the highest level of

evidence for both by meta-analyses of RCT (MACH-NC and

MARCH). Further clinical trials are needed to explore this

question in greater depth.
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